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Spalla2on	neutron	source	in	J-PARC
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Japan	Proton	Accelerator	Research	Complex	in	JAEA	Tokai-site

400	MeV	Linac	
(Length: 330 m)

3	GeV	Synchrotron	
(Circumference: 350 m) 50	GeV	Synchrotron	

(Circumference: 1600 m)
Hadron	Experimental	

Facility

Neutrino	
Experimental	Facility

22	Jan.	2016

146	m	x	70	m

Materials	and	Life	science	
experimental	Facility	(MLF)

23	neutron	beam	lines	
Proton	beams	
(3	GeV	25	Hz	)

Moderators

Helium	vessel

Mercury	target	system

Cryogenic	hydrogen	system

Mercury	target	vessel	
Total	length	:	2	m	
Total	weight	:	1.6	ton	
Material	:	316L	SS
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Opera2on	histories	for	J-PARC	mercury	target

First	beam	
May	30,	2008
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Target	#1	
	471	MWh	
Av.	127	kW

Target	#3	
	2050	MWh	
Av.	272	kW

Target	#5	
	670	MWh	
Av.	400	kW

Target	#8	
	1476	MWh	
Av.	415	kW

Target	#2	
1048	MWh	
Av.	181	kW

Target	#7	
159	MWh	
Av.	516	kW
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In	opera)on	
	at	500	kW	

Φ50	mm

Target	No.	1

~40	MPa	at	1	MW

Proton	beam	induces		
pressure	waves	in	mercury

•Cavita9on	reduces	structural	
integrity	of	target	vessel	
•Dominant	factor	for	target	
life9me	rather	than	radia9on	
damage

Cut	Oct.	2017

Targets	#5,	#7	unscheduled	
replacement	by	water	leak	



Cavita2on	damage	mi2ga2on
Surface	hardening

Double-walled	structure

Microbubble	injec2on

Reduce	cavita9on	damage	
			Nitriding	&	Carburizing,	Kolsterising

Reduce	pressure	wave	and	cavita9on	damage 
			Inject	helium	gas	microbubbles	(R<50	µm)	 
				into	flowing	mercury	(VF:10-2	in	flow	ra9o)

Reduce	cavita9on	damage	by	high-speed		
		mercury	flow	and	narrow	gap

No.	1
Target

50	mm

Target	vessel	No.	3	with	bubble	generator	

Surface	hardening

Surface	hardening

Bubble	generator

Surface	hardening

Bubble	generatorDouble-walled	
structure

2nd	target	(Spare)	No-bubbling	techniques	
			to	mi9gate	pressure	waves	and	cavita9on	damage

No.	2

No.	3

No.	4

No.	5

�5/14FabricaAon	
number

No.	9 Cut	used	target	beam	window	to	inves)gate	
the	effect	of	damage	mi)ga)on	technologies



Beam	window	cuVng	by	remote	handling
Carry	cutting	machine	and	workbench	into	hot	cell		
(Rad	work	in	hot	cell	for	preparation	)

Place	cutting	machine	on	target	replacement	truck	
(Full-remote	handling)	

Cutting	(Remote	control)

Cutting	work	by	remote	handling	
			5	working	days	including	decontamination

Dose	rate	of	target	vessel:	ca.	350	Sv/h	at	contact	
			After	77	days	operation

Beam	window	cutting	for	cavitation	
damage	inspection	and	future	PIE
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Annular	cutter	
Outer	diameter	:	55	mm		
Saw	thickness	:	2	mm

Ultrasonic	bath

Wireless	bamery-driven	
cuSng	device



Succeededφ50mm

Target	No.	1	  
(Surface	hardening)

Ini9al	cuSng	was	successful

Difficul2es	of	cuVng
Precondi2on	
		Liquid	(water)	free	hot	cell	
				→	Dry	cut			
		Cut	target	under	fixing	on	target	trolley	
				→	Horizontal	cut

Inner	most	wall	of	5th	target	remained	window

Target	No.	5	(Double	wall	+	bubble)

Failed

Before	cuSng

Aqer	Target	No.5	cuSng

Discolora9on Saws	broken

• Cutting	performed	under	target	fixing	on	trolley	by	full-remote	handling	
• Nos.	1,3,5	targets	cut	without	any	lubricant	(Dry	cut)	→Failed	#3	and	#5	cutting
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Mercury	vessel

Water	shroud

Target	No.	3(Gas	microbubble	injec9on)

Failed

Inner	most	wall	of	target	#3	
fallen	inside	vessel

4	layers	window	
(3+3+3+5	mm)

Improve	saws	damage	by	dry	cut,	surely	pick	up	specimen



Cold	cuVng	test	for	op2mizing	cuVng	condi2ons

Parameters	for	cold	cuVng	test

Dril	machine	mockup

Thermography

IR	thermometer

Beam	window	mockup

4	layers	window	
(3+3+3+5	mm)

Cumer

Quick	coupling

Rota9on	speed:		250,	400	rpm	
Feed	rate	:	0.017,	0.025	mm/s	
Feed	frequency:		
							Forward	0.1	mm	for	3	s	+	standby	3	s		
							Forward	0.1	mm	for	3	s	+	standby	3	s	
Lubricant	:	dry	cut,	oil	base,	emersion	type	
Center	drill	:	φ5	dril,	w/o	dril �8/14



0

50

100

150

200

0 5 10 15 20 25 30 35

Pe
ak

 te
m

pe
ra

tu
re

, º
C

Cutting time, min

Effect	of	lubricant	on	temperature

With	lubricant

Op9mized	cuSng	condi9on

Dry	cut

CuSng	failed	
(Saws	broken)	

With	lubricantDry	cut

Peak	temperature	
in		square	

• Surface	temperature	of	cumer	and	beam	window	were	reduced	by	lubricant	
• No	visible	damage	on	cumer	aqer	cuSng	with	lubricant	
• Lubricant	is	essen9al	for	surely	cuSng	
• Center	drill	is	difficult	to	adjust	posi9on	for	resume	cuSng

Saws	break

Discolora9on No-visible	damage
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Sprayer



Beam	window	cuVng	for	target	No.2

Hose	inserted	into	hot	cell	by	through	wall	plug	
CuSng	9me:	32	min	
Lubricant	usage:	900	ml	
Tri9um	release	was	reduced	by	reducing	cuSng	temperature

25,	Sep.	2017

Aqer	beam	window	cuSng

Water	shroud	surface　　	
CuSng	posi9on	is	12.5	mm	  
offset	from	center	to	downstream

Ver9cal	center

���1����
	0 �����
	0

Chip	s9cking	on	
beam	window

Spray	nozzle	
with	long	hose

CuSng	device

No	visible	differences	observed
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Commercial	sprayer	
with	long	hose	

Target	No.2	cuVng	was	successful	by	adop2ng	lubricant	spray



Damage	inspec2on	by	replica	method
���0�1��0	������
��

Φ5
0	m

m

• Cut	disk	has	high	dose	rate	(82	Sv/h)	difficult	for	direct	observa9on			→		Replica	<25	!Sv/h	
• Replicated	damage	covered	with	air9ght	box	and	observed	outside	hot	cell	using	3D	scanner	
• Height	resolu9on	0.1	!m	for	replica	and	1	!m	for	3D	scanner

Remote	handling	replica	tool Replicate	a	few	9mes		
	to	reduce	dose	rate

Scanned	3D	shape
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Cavita2on	damage	inside	target	vessel

→Dmax=268	μm

Direct	observa2on	by	HD	video	camera

DownstreamUpstream

Top

Bomom

12.5	mm

Target	center

Damage	clusters

Isolate	pit

Localized	pit

2.5	mm

D=50	mm

Area	roughness	
Sa:	14.4	µm	
Sz:	234.1	µm

Localized	pit	
（1.9×1.4	mm2）

Area	roughness	
Sa:	15.4	µm	
Sz:	133.6	µm

Replicated	damages

Dmax=MED+Sz	
Dmax=8MED

Sa	(Arithme9cal	mean	height	of	the	surface)		
Sz	(Maximum	height	of	the	surface)	of	ISO25178	

Damage	cluster

Original	surface
Replica

MDE

｀

• Cavita9on	damage	distributed	center	and	top	and	bomom	side	
• Maximum	damage	depth	is	es9mated	to	be	268	µm

Empirical	equaAon
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200	kW

Cavita9on	bubble	
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Pressure	response	at	
beam	window	center

Max(Tni)

Offset	H=12.5	mm	V=	2mm

• Cavita9on	bubble	radius	is	propor9onal	to	nega9ve	pressure	period	Tn		
• Distribu9on	of	damage	cluster	is	correlated	with	the	nega9ve	pressure	period	(Max(Tni)) �13/14



Summary

• CuSng	and	cavita9on	damage	inspec9on	for	J-PARC	mercury	target	
vessel	No.	2	by	remote	handling	has	been	successfully	completed	

• Lubricant	is	a	key	to	reduce	cut	temperature	and	protect	saws	
against	fric9on	hea9ng	

• Cavita9on	damage	distribu9on	and	depth	of	damage	without	gas	
microbubble	injec9on	were	evaluated	

• Cavita9on	damage	distribu9on	is	correlated	with	the	distribu9on	of	
nega9ve	pressure	period	(similar	trend	with	the	SNS	target	vessel)	

• Cavita9on	damage	under	injec9ng	gas	microbubbles	(target	No.	8) 
will	be	observed	in	this	summer	shutdown	period	
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We	would	like	to	thank	SNS	target	team	for	helpful	discussion	and	advice


