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Sub-systems	
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Sub-systems	



SubK	He	Fridge		
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SubK	He	fridge	

@ 320 mK 
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SubK	He	fridge	

●  Originally	manufactured	by	Chase	Cryogenics	
●  Recycled	using	2x	Chase	minimal	gap	HSs	
●  4	K	plate	mounIng	for	condensers,	also	need	to	

specify	connector	–	microD	?	
●  Fridge	is	sealed	-	no	helium	charging	required	
●  Status	-	currently	in	use	on	EPR	experiment	in	

Manchester,	should	be	available	Nov	(will	need	
redressing)	
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Mechanical	interface	

●  ExisIng	CAD	model,	footprint	only	
●  We	have	interface	pa]ern	for	4	K	

stage	
●  More	detailed	model	could	be	

provided	(if	needed)	when	EPR	
experiment	is	finished	
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Load	curve	

●  ExisIng	load	curve	
●  Curve	needs	characterising	be]er	

in	0-30	uW	range	
●  Temperature	stability	tests	

required	-	histogram	to	
characterise	

●  Need	to	confirm	condenser	
temperature	-	4.2	K?	Which	PTC?	
Test!	
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Hold	Ime	and	temperature	

●  Measurements	done	on	EPR	cryostat	
●  T0	should	be	reduced	
●  Further	tesIng	aber	EPR	required	due	

to	possible	presence	of	parasiIc	loads	
●  Also	suggested	that	precooling	with	1	K	

fridge	could	be	used	to	reduce	T0	–	to	
be	invesIgated	

●  However,	we	now	need	to	know	
precooling	requirement	for	focal	plane	



Status	of	the	sub-system	:		
blocking	points	and	schedule	

	
• What	is	the	status	of	the	sub-system	?		

• Design/manufacturing	(home	made/industry)/assembly/tests	?	Final	tesIng	to	start	–	load	curve,	hold	Ime,	temp	stability.	Finish	by	12/16	
• When	is	this	phase	supposed	to	be	finished	?	01/17	

• If	you	are	sIll	designing	the	sub-system:	
• Which	inputs	/	specificaIons	/	requirements,	needed	to	finish	the	detailed	design	of	your	sub-systems,	are	not	yet	delivered	?		

•  For	D.T.	Condenser	temp,	PTC?	Is	precooling	of	focal	plane	to	320	mK	required?	Warm	up	during	recycling?	
•  For	F.I. 		

• Which	other	working	group	should	deliver	these	inputs	(see	annex	1	for	list	of	main	WP)	?	
•  For	D.T.	Roma?	APC?	
•  For	F.I.	

	
• What	Ime	is	sIll	needed	in	order	to	(for	D.T.)	–	assume	that	the	above	inputs	are	provided	if	needed	-		:	

• Finish	the	whole	detailed	design	of	D.T.	?	None	
• Manufacture	the	sub-system	?	None	
• Test	the	sub-system	in	your	premises	before	delivery	to	APC	/	ROMA	?	~3	months	

	
• Idem	for	F.I.	

• Do	you	think	you	can	comply	to	the	target	schedule	(see	annex	2)	?	Yes	
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Interfaces	with	other	sub-systems	

• List	and	describe	needed	interfaces	with	other	systems.	Mechanical	
• Electrical	/	Signal	Thermometry	and	heaters	
• Vacuum	
• Thermal	Condenser	maIng.	Should	use	vacuum	grease	to	maximise	k	
• Etc…	

• Are	these	interfaces	currently	frozen	?	Yes	for	thermal,	no	for	wiring	
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Test,	Delivery,	Assembly,	CalibraIon	OperaIons	
• Tests	of	the	sub-system	in	your	premises	before	delivery	at	APC	or	ROMA:	

• What	is	the	raIonale	for	tesIng	the	sub-systems	?	Validate	cooling	to	320	mK,	temperature	stability	
• Which	specificaIons	will	be	tested	?	Heat	lib,	temp,	hold	Ime	
• What	are	the	criterion	for	fail	/	pass	?	20	uW	@	320	mK,	hold	Ime	>	24	hours	

• Delivery	to	APC	or	ROMA:	
• Special	care	needed	for	the	transportaIon	and	handling	of	the	goods	?	Yes	–	pressurized	gas	

• Assembly	OperaIons	in	APC	or/and	ROMA:	
• Same	quesIons	as	first	point	above.	As	above	
• +	which	other	sub-systems	should	be	integrated	before	yours?	Aber	yours	?	Assembled	aber	1	K	box,	mount	to	4	K	
• +	Is	there	any	specific	material	needed	for	assembly	?	(see	annex	3	for	help)	Leak	checker,	thermometry/heater	readout	
• What	are	the	test	sequences	needed	to	be	performed	during/aber	integraIon	Leak	test,	check	thermometry/heaters	
• +	How	many	FTE	will	you	send	people	at	APC	/	ROMA	for	help	during	assembly	?	1-2	

• CalibraIon	OperaIons		at	APC:	
• Same	quesIons	as	for	Assembly	operaIons.	As	above	
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Heat	switches	
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ConvecIve	HS	

●  ConvecIve	switches	have	so	far	shown	
be]er	performance	than	minimal	gap	
design	

●  Will	be	used	to	precool	1	K	box	to	4.2	K	
●  Also	used	for	recycling	1	K	fridge	
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ConvecIve	HSs	
●  Conductance	to	be	defined?	
●  Number	of	switches	-	

determined	by	cooldown	
Ime	and	performance	

●  LocaIon	to	be	defined	
●  Both	sizes	have	been	built	
●  TesIng	nearly	complete	–	

opImal	charge	tbd	
●  Interface	bolt	pa]ern	fixed	
●  Commissioning	requires	

charging,	connecIon	(heat	
gun)	and	leak	tesIng	Fridge	HS	

Long	HS	

131	mm	
	

243.2	mm	
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Fridge	HS	performance	
On	

Off	
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Long	HS	performance	

On	

●  Preliminary	off	conductance	
measurement	of	52	uW/K,	
gives	166	uW	heat	leak	from	
4.2	to	1	K	per	switch	

●  May	be	reduced	further	using	
thinner	walled	tubes	if	
required	

●  On	conductance	measured	at	
69	and	40	mW/K	for	19	and	
10	bar	charges	

●  On	conductance	should	
inform	cooldown	Ime	to	4	K	



Status	of	the	sub-system	:		
blocking	points	and	schedule	

	
• What	is	the	status	of	the	sub-system	?		

• Design/manufacturing	(home	made/industry)/assembly/tests	?	Both	manufactured,	fridge	HS	tesIng	complete,	long	HS	final	tesIng	to	start.	
Further	manufacture	required	for	addiIonal	switches,	although	this	is	minimal	

• When	is	this	phase	supposed	to	be	finished	?	01/17	

• If	you	are	sIll	designing	the	sub-system:	
• Which	inputs	/	specificaIons	/	requirements,	needed	to	finish	the	detailed	design	of	your	sub-systems,	are	not	yet	delivered	?		

•  For	D.T.	LocaIon	of	switch(es),	number,	conductance.	Copper	straps	used	for	connecIon?	
•  For	F.I. 		

• Which	other	working	group	should	deliver	these	inputs	(see	annex	1	for	list	of	main	WP)	?	
•  For	D.T.	Roma?	
•  For	F.I.	

	
• What	Ime	is	sIll	needed	in	order	to	(for	D.T.)	–	assume	that	the	above	inputs	are	provided	if	needed	-		:	

• Finish	the	whole	detailed	design	of	D.T.	?	None	
• Manufacture	the	sub-system	?	
• Test	the	sub-system	in	your	premises	before	delivery	to	APC	/	ROMA	?	~	3	months,	including	further	manufacture	and	validaIon	

• Idem	for	F.I.	

• Do	you	think	you	can	comply	to	the	target	schedule	(see	annex	2)	?	Yes	
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Interfaces	with	other	sub-systems	

• List	and	describe	needed	interfaces	with	other	systems.	Mechanical	
• Electrical	/	Signal	Thermometry,	heaters	
• Vacuum	
• Thermal	Physical	interface.	Should	use	vacuum	grease	to	maximise	k.	Are	
copper	straps	to	be	used?		
• Etc…	

• Are	these	interfaces	currently	frozen	?	Bolt	pa]ern	yes,	copper	no	
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Test,	Delivery,	Assembly,	CalibraIon	OperaIons	
• Tests	of	the	sub-system	in	your	premises	before	delivery	at	APC	or	ROMA:	

• What	is	the	raIonale	for	tesIng	the	sub-systems	?	Validate	conductance	
• Which	specificaIons	will	be	tested	?	Conductance	
• What	are	the	criterion	for	fail	/	pass	?	If	spec	(tbd)	is	met	

• Delivery	to	APC	or	ROMA:	
• Special	care	needed	for	the	transportaIon	and	handling	of	the	goods	?	No,	if	shipped	unpressurized	

• Assembly	OperaIons	in	APC	or/and	ROMA:	
• Same	quesIons	as	first	point	above.	As	above	
• +	which	other	sub-systems	should	be	integrated	before	yours?	Aber	yours	?	Aber	1	K	box,	mounted	on	4	K	
• +	Is	there	any	specific	material	needed	for	assembly	?	(see	annex	3	for	help)	Gas	handling	system,	leak	checker		
• What	are	the	test	sequences	needed	to	be	performed	during/aber	integraIon	Charge,	leak	test	
• +	How	many	FTE	will	you	send	people	at	APC	/	ROMA	for	help	during	assembly	?	1-2	

• CalibraIon	OperaIons		at	APC:	
• Same	quesIons	as	for	Assembly	operaIons.	As	above	
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1	K	Fridge		
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1	K	fridge	
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1	K	fridge	
●  High	heat	lib	1	K	fridge	designed	for	a	

separate	project	
●  Design	spec:	10	mW	@	1	K	
●  Suggested	to	use	for	QUBIC	
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TesIng	 Gas	lines	using	sob	
soldered	brass	collars	
and	bolted	indium	seal	
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TesIng	
●  Achieved	min	temp	of	656	mK!	
●  Pump	operaIon	verified	
●  Condenser	operaIon	verified	-	

can	now	define	maIng	with	4	K	
●  Pumping	line	verified	
●  IntegraIon	of	HS	verified	
●  Indium	seal	verified	
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Load	curve	
Agrees	reasonably	well	with	model	below	900	mK	
	
Complicated	by	intermediate	flow	regime	near	orifice	
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Cycle	

Controlled	using	
XML	scripts,	PID	
used	for	CP	
thermostat	
	
Example	here	
shows	3	mW	
load,	iniIal	
charge	of	1.55	
mol	(comparable	
to	QUBIC	
operaIon)	
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Cycle	

Recycling	 Cooling	 Recycling	 Cooling	
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Tilt	tests	

●  Hold	Ime	unaffected	by	Ilt	up	to	50	deg	from	
verIcal	

●  Only	minor	degradaIon	in	performance	up	to	70	deg	
●  Hence,	no	concern	for	QUBIC	operaIon	±	20	deg	
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Hold	Ime	tests	for	2	mW	

●  Charged	w/	1.55	mol	
●  Hold	Ime	of	~4	

hours	@	2	mW	
●  Orifice	didn’t	behave	

as	desired	
●  Likely	due	to	

fabricaIon	issues	
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Current	orifice	design	

●  2	mm	punched	
●  Knife	edge	
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Orifice	redesign	

●  AlternaIve	fabricaIon	method	used	on	a	different	fridge	appears	(from	
preliminary	tesIng)	to	be	funcIoning	much	be]er,	~24	hour	hold	Ime	

●  It	is	therefore	planned	to	undertake	series	of	orifice	tests	to	improve	
hold	Ime	of	fridge	

●  Ready	early	next	year?	



33 

1	K	fridge	wiring	
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Charge	required	

●  For	cool	down	+	24h	hold	
4	mol	⇒	200	bar	@	300	K	
1.5	mol	⇒	75	bar	@	300	K	

●  Should	be	charged	in	Roma,	
possibly	using	expansion	
volume	
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Charge	required	

●  For	cool	down	+	24h	hold	
4	mol	⇒	200	bar	@	300	K	
1.5	mol	⇒	75	bar	@	300	K	

●  Should	be	charged	in	Roma,	
possibly	using	expansion	
volume	
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Commissioning	

●  Bake	out,	requires	resistor	(heater)	and	power	supply	
●  Solder	charging	lines		
●  Leak	test	(requires	helium	leak	detector)	
●  Check	gas	connecIon	(using	heat	gun	and	bubble	up)	
●  Charge	(requires	expansion	volume	~1	L,	gas	handling	system)	
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Cryogenic	cycle	for	1	K	box	
●  123	J	to	cool	box	from	4.2	to	1	K	(17	hours	@	2mW)	
●  SS	supports	give	168	J/day	(2	mW),	CF	give	43	J/day	(0.5	mW)	(Other	loads	negligible)	
●  Concern	over	warm	up	to	4.2	K	each	cycle	-	recyling	fridge	will	effecIvely	create	HS	to	4	K)	
●  If	so,	24	hours	to	cool	back	to	1	K	-	very	inefficient	
●  Thermal	model	needed	to	confirm	-	could	be	done	now?	
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Cryogenic	cycle	for	1	K	box	
●  Suggested	to	use	1x	HS	to	isolate	1	K	box?	
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Cryogenic	cycle	for	1	K	box	
●  Even	more	efficient	to	use	2x	HS	-	

could	give	conInuous	1	K	with	2x	
fridges,	2x	switches	

●  Also	would	mean	that	fridges	meet	
spec	without	redesign	required	
(already	have	second	fridge	
manufactured,	ready	for	prelim	
tesIng)	

●  However,	increased	number	of	
components,	wires	
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Other	operaIonal	consideraIons	
●  Choice	of	cryogenic	cycle	will	determine	Ime	scale	
●  Final	tesIng	criteria	will	also	depend	on	this	
●  Condenser	temp	will	determine	condensaIon	efficiency	-	4.2	K	from	PTC?	

Need	to	know	
●  Dedicated	PTC	for	(both?)	fridge(s)	to	allow	for	temperature	spikes?	
●  AlternaIvely,	reduce	conducIvity	of	switch,	although	this	will	increase	

recycling	Ime	
●  Will	be	shipped	uncharged,	helium	fill	in	Roma?	
●  May	be	charged	and	sealed	(crimp	and	solder	cap)	for	placement	into	

cryostat	



Status	of	the	sub-system	:		
blocking	points	and	schedule	

	
• What	is	the	status	of	the	sub-system	?		

• Design/manufacturing	(home	made/industry)/assembly/tests	?	Fridge	built,	tested.	Orifice	tesIng	and	modificaIon	required,	further	tesIng	
• When	is	this	phase	supposed	to	be	finished	?	01/17	

• If	you	are	sIll	designing	the	sub-system:	
• Which	inputs	/	specificaIons	/	requirements,	needed	to	finish	the	detailed	design	of	your	sub-systems,	are	not	yet	delivered	?		

•  For	D.T.	Condenser	temp,	dedicated	PTC?	ConInuous	system	or	single	shot?	HS	on	evaporator?	
•  For	F.I. 		

• Which	other	working	group	should	deliver	these	inputs	(see	annex	1	for	list	of	main	WP)	?	
•  For	D.T.	Roma?	
•  For	F.I.	

	
• What	Ime	is	sIll	needed	in	order	to	(for	D.T.)	–	assume	that	the	above	inputs	are	provided	if	needed	-		:	

• Finish	the	whole	detailed	design	of	D.T.	?	2	months	(including	orifice	tesIng	runs)	
• Manufacture	the	sub-system	?	5	weeks	
• Test	the	sub-system	in	your	premises	before	delivery	to	APC	/	ROMA	?	2	weeks	

• Idem	for	F.I.	

• Do	you	think	you	can	comply	to	the	target	schedule	(see	annex	2)	?	Yes	
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Interfaces	with	other	sub-systems	

• List	and	describe	needed	interfaces	with	other	systems.	Mechanical	
• Electrical	/	Signal	Thermometry/heaters	
• Vacuum	
• Thermal	Condenser	maIng.	Grease	used	to	maximise	k	
• Etc…	Gas	lines	to	charge	depending	on	charge/hold	Ime	requirement?	

• Are	these	interfaces	currently	frozen	?	Condenser	yes,	gas	lines	no	
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Test,	Delivery,	Assembly,	CalibraIon	OperaIons	
• Tests	of	the	sub-system	in	your	premises	before	delivery	at	APC	or	ROMA:	

• What	is	the	raIonale	for	tesIng	the	sub-systems	?	Validate	operaIon	of	orifice	
• Which	specificaIons	will	be	tested	?	Hold	Ime	
• What	are	the	criterion	for	fail	/	pass	?	Dependent	on	conInuous/single	shot	operaIon	

• Delivery	to	APC	or	ROMA:	
• Special	care	needed	for	the	transportaIon	and	handling	of	the	goods	?	No	if	unpressurized	

• Assembly	OperaIons	in	APC	or/and	ROMA:	
• Same	quesIons	as	first	point	above.	As	above	
• +	which	other	sub-systems	should	be	integrated	before	yours?	Aber	yours	?	Assembled	aber	1	K	box,	mount	to	4	K	
• +	Is	there	any	specific	material	needed	for	assembly	?	(see	annex	3	for	help)	Leak	checker,	gas	handling	system	
• What	are	the	test	sequences	needed	to	be	performed	during/aber	integraIon	Bake	out,	leak	test,	connecIon	check	
• +	How	many	FTE	will	you	send	people	at	APC	/	ROMA	for	help	during	assembly	?	1-2	

• CalibraIon	OperaIons		at	APC:	
• Same	quesIons	as	for	Assembly	operaIons.	As	above	
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Management	

QUBIC	CollaboraIon	MeeIng,	September	26	/	27,	LAL	-	Orsay	 44	



ATRIUM	and	DocumentaIon	

•  	SubK	fridge	
• Load	curve,	hold	Ime	results	to	be	uploaded	in	due	course	
• Interface	dimensions	

• 	Heat	switches	
• Conductance	results	to	be	uploaded	in	due	course	
• Interface	dimensions	

• 1	K	fridge	
• Load	curve,	hold	Ime	results	to	be	uploaded	in	due	course	
• Interface	dimensions	
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Budget	(excluding	salaries)for	T.D.	+	F.I.	
Spendings	(type	and	
amount)	

Funding	(source	and	
amount)	

Status	of	funding	
(granted	/	under	
examina8on)	

2016	

2017	

2018	
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Manpower	

Name	and	responsibility	 %	FTE	2016	 %	FTE	2017	 %	FTE	2018	

COPPI	 20	 20	 20	

MAY	 20	 20	 20	

McCULLOCH	 20	 20	 20	

MELHUISH	 5	 5	 5	

PICCIRILLO	 5	 5	 5	

TOTAL	FTE	 70	 70	 70	
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Risks	analysis	

•  	Delays	in	tesIng	schedule	for	subK	fridge	
•  	Delays	in	tesIng	of	orifice	
•  	Performance	of	orifice,	impact	on	hold	Ime	
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Final	thoughts	

•  Several	performance	parameters	sIll	to	be	defined	
•  Thermal	model	to	be	built	
• Recycling	-	switches	on	1	K	fridges?	Cryogenics	program	needs	
defining	asap	

• Given	system	complexity,	debugging	will	be	needed!	
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Backup	slides	
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Annex	1:	list	of	main-sub-system	and	WP	leaders	
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Annex	2	:	Target	schedule	
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Annex	3:	examples	of	possibly	needed	major	tools	or	uIliIes	
•  High	voltage	(380	V)	power	
•  Cold	water	
•  Liquid	or	gaseous	N2	/	He	
•  Compressed	air	
•  Clean	air	laminar	flow	/	clean	room	/	condiIoned	air	
•  Assembly	Hall	
•  Mechanical	workshop	
•  IT	network	or	Wifi	
•  Chemicals	
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•  ESD	equipments	
•  Crane	or	heavy	handling	systems	
•  Metrology	systems	(Faro,	MMT,	Laser…)	
•  VNA	
•  CalibraIon	source	
•  Mount	(or	fake)	
•  Vacuum	systems	(including	degassing)	
•  AcquisiIon	systems	
•  Computers	/	data	acq.	systems	
•  Electrical	test	with	probe	staIon	
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Convective HS Minimal gap HS 

Courtesy: Philippa McGuinness  
     
    
   

  


