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Neutron	  chopper	  group	  leader	  
	  	  

“	  Strategy,	  the	  human	  a<empt	  to	  get	  to	  desirable	  
ends	  with	  available	  means".	  

	   	   	   	  Max	  McKeown	  	  
1	  V	  4.1	  



SpallaGon:	  GeneraGng	  Neutrons	  for	  Science	  

Linear	  proton	  accelerator	  (600	  m)	  

Neutron	  science	  systems	  

Target	  staGon	  

•  Many research reactors in Europe 
are aging and will be closed 
before 2020. 

•  The spallation technology will 
replace reactor-based sources. 

•  There is a urgent need for a new 
high-flux cold neutron source in 
Europe. 
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Figure 2.19: Single-pulse source brightness as a function of time at a wavelength of 5 Å at ESS, ILL,
SNS, J-PARC and ISIS target stations 1 and 2. In each case, the cold moderator with the highest peak
brightness is shown.

the world’s leading neutron facilities is made in Figure 2.19. The peak brightness at ESS will be higher
than that of any of the short pulse sources, and will be more than an order of magnitude higher than that
of the world’s leading continuous source. The time-integrated brightness at ESS will also be one to two
orders of magnitude larger than is the case at today’s leading pulsed sources.

The designs of instruments at ESS will be less limited by the time-structure of their long-pulse source
than are instruments at short-pulse sources. They will benefit from a substantially higher peak brightness,
combined with a time-average brightness which is much higher than that at any short-pulse source, while
retaining much of the flexibility of continuous-source instruments.

Many of the instruments will be substantially longer than their counterparts at short-pulse sources.
The underlying reason is the requirement for good wavelength resolution; the pulse length at the source
represents the uncertainty in the emission time of the neutrons, which can be reduced compared to their
time-of-flight by making the instrument longer. However, the instrument length also directly a↵ects the
bandwidth; that is, the longest wavelength that can be measured from a particular source pulse before it
overlaps in time with the shortest wavelength emitted from the following pulse. Pulse-shaping choppers
are an alternative method of improving wavelength resolution. Placed close to the source, they e↵ectively
reduce the pulse length, and hence the resolution, without making it necessary to increase instrument
length. A large part of the optimisation of the instrument suite consists of balancing resolution and
bandwidth considerations through appropriate combinations of instrument lengths and chopper systems.

2.3.1 White-beam instruments

The majority of the instruments at ESS will use a substantial part of the full white beam. Their bandwidth
will be limited by their length and choice of pulse suppression, and it will be possible to tailor their
resolution using a pulse-shaping chopper. They fall into two categories – large pulse width and small pulse
width – depending on the required pulse width compared to the intrinsic length, ⌧ = 2.86 ms, of the
neutron pulse.

Large pulse width = ⌧

SANS, spin-echo, macromolecular crystallography, and particle physics: There are seven instruments in
this category in the ESS reference suite, all of which are well suited to the long-pulse time structure.
They can use the full ESS pulse width and thus benefit from the high peak and time-average brightness.
The ESS instruments will significantly outperform equivalent present-day instruments, due to the often
unnecessarily good wavelength resolution of those instruments at contemporary short-pulse sources, and
to the inherently lower peak brightness available to instruments at continuous sources.



Project	  Commitments	  

þ  5	  MW	  accelerator	  capability,	  	  
30	  3mes	  brighter	  than	  exisi3ng	  facili3es	  

þ  22	  Instruments,	  state	  of	  the	  art	  technologies	  

þ  Construc3on	  cost	  of	  1,843	  B€	  
þ  Steady-‐State	  Ops	  at	  140	  M€/year	  



The	  road	  to	  realizing	  the	  world’s	  leading	  
facility	  for	  research	  using	  neutrons	  

2014	  
Construc3on	  work	  
starts	  on	  the	  site	  

2009	  
Decision:	  ESS	  will	  be	  
built	  in	  Lund	  

2025	  
ESS	  construc3on	  
complete	  

2003	  
First	  European	  design	  effort	  
of	  ESS	  completed	  

2012	  
ESS	  Design	  Update	  phase	  
complete	  

2019	  
First	  neutrons	  on	  
instruments	  

2023	  
ESS	  starts	  
user	  program	  



ESS	  Instrument	  technologies	  	  

•  PHOTO	  ISIS	  Instrument	  
•  -‐	  overlay	  schemaGc	  
components	  

CHOPPER	  3	  

CHOPPER	  1	  

CHOPPER	  2	  

NEUTRON	  OPTICS	  
-‐	  GUIDE	  

NEUTRON	  OPTICS	  
-‐	  POLARIZER	  

NEUTRON	  OPTICS	  
-‐	  COLLIMATION	  

DETECTOR	  
-‐ARRAY	  

DETECTOR	  
-‐BEAM	  MONITOR	  

DETECTOR	  
-‐BEAM	  MONITOR	  

FLIGHT	  TANK	  

BEAM	  LINE	  SHIELDING	  

SAMPLE	  	  
ENVIRONMENT	  

DETECTOR	  
-‐BEAM	  MONITOR	  

NEUTRON	  OPTICS	  
-‐	  IN	  MONOLITH	  GUIDE	  

BEAM	  SHUTTER	  
-‐LIGHT	  

BEAM	  SHUTTER	  
-‐HEAVY	  

Instrument	  
technologies	  

OpGcs	   Choppers	   Sample	  
Environment	   Detectors	   Control	  

systems	   Shielding	  



ESS	  Instrument	  suite	  



Technology	  ‘Cross	  cut’	  Strategy	  

8	  

Technology	  groups	  assume	  global	  
responsibility	  for	  all	  equipment	  of	  the	  type	  
across	  the	  instrument	  suite	  
	  
•  Equipment	  standards	  
•  Design	  and	  implementaGon	  guidelines	  
•  CoordinaGon	  of	  technology	  development	  
•  Procurement	  
•  Pudng	  together	  build	  partners	  and	  work	  

units	  
•  Maximising	  in-‐kind	  potenGal.	  

Cake	  -‐	  Cross	  cut	  approach	  

Cake	  -‐	  tradiGonal	  approach	  



Neutron	  Chopper	  Suite	  	  
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Diversity	  
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Common	  component	  plaporms	  

	  6	  ‘plaporms’	  
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Plaporms	  

Within	  each	  plaporm….	  
A	  common	  mechanical	  &	  control	  architecture.	  
•  Motor	  &	  Drive	  
•  Rotor	  fixaGon	  
•  Support	  structures	  
•  Support	  systems	  
•  Control	  commands	  (?)	  
•  Monitoring	  system	  
•  MPS	  &	  PPS	  funcGons	  

15	  



Plaporm	  1	  
Disc	  chopper	  –	  Small	  rotor	  –	  Low	  speed	  

Key	  requirements	  
•  RotaGon	  speed:	  	   	  Low	  (	  7	  -‐	  96	  Hz)	  
•  Openings: 	   	  Large	  
•  A<enuaGon	  at	  short	  wavelengths	  
•  High	  reliability	  in	  radiaGon	  environment	  
•  Low	  lifeGme	  cost	  	  

Principal	  characterisGcs	  
•  Type: 	   	  PA-‐1-‐H-‐	  (horizontal	  axis	  disc)	  	  
•  Rotors	  :	   	   	  Simple	  +	  Robust	  	  
•  Diameter: 	   	  600-‐800mm	  

Enabling	  Technologies	  .	  
•  Rotors	  materials:	   	  Metallic	  	  
•  Bearings:	   	   	  MagneGc	  

	  DC-‐SR	  

	  	  (50-‐70)	  



Plaporm	  2	  
Disc	  chopper	  –	  Small	  rotor	  –	  Intermediate	  speed	  

Key	  requirements	  
•  RotaGon	  speed: 	  	  (96-‐192	  Hz)	  
•  Openings: 	   	  (MulGple)	  Small	  or	  Large	  
•  High	  reliability	  in	  radiaGon	  environment	  

Principal	  characterisGcs	  
•  Type:	  	  PA-‐1-‐H-‐	  (horizontal	  axis	  disc	  chopper)	  	  
•  Rotors:	   	  Simple	  or	  OpGmized	  
•  Diameter: 	  600-‐800mm	  

Enabling	  Technologies	  .	  
•  Rotor	  material: 	  CFRP	  /	  Alu	  	  
•  Bearings: 	   	  MagneGc	  

	  DC-‐SR	  

	  	  (15-‐35)	  



Plaporm	  3:	  
Disc	  chopper	  –	  Small	  rotor	  –	  High	  speed	  

Key	  requirements	  
•  RotaGon	  speed: 	  192-‐	  400+	  Hz	  
•  Openings: 	   	  (MulGple)	  Small	  	  
•  Minimal	  guide	  interrupGon	  
•  High	  reliability	  in	  radiaGon	  environment	  

Principal	  characterisGcs	  
•  Type	  :	  	  PA-‐1-‐H-‐	  (horizontal	  axis	  disc)	  	  
•  Rotors	  design: 	  OpGmised	  
•  Diameter	  : 	   	  600-‐700mm	  

Enabling	  Technologies	  .	  
•  Rotor	  material: 	  CFRP	  /	  Ti	  /	  MMC	  
•  Bearings: 	   	  MagneGc	  

	  DC-‐SR-‐HP	  

	  	  (25-‐35)	  

2.PA-‐1-‐H-‐M	  



Plaporm	  4:	  
Disc	  chopper	  –	  Large	  rotor	  	  

Key	  requirements	  
•  RotaGon	  speed: 	  	  (7	  -‐	  56	  Hz)	  
•  Openings: 	   	  MulGple	  V.Large,	  Asymmetric	  
•  High	  closing	  speed	  
•  High	  reliability	  in	  radiaGon	  environment	  

Principal	  characterisGcs	  
•  Type:	  	   	  PA-‐1-‐H-‐	  (horizontal	  axis	  disc	  chopper)	  	  
•  Rotors:	   	  OpGmized	  	  
•  Diameter: 	  1200	  -‐	  2000mm	  

Enabling	  Technologies	  .	  
•  Rotor	  material: 	  CFRP	  /	  Alu	  	  
•  Bearings: 	   	  MagneGc	  or	  Contact	  

	  DC-‐LR	  

	  	  (25-‐35)	  



Plaporm	  5:	  
Disc	  chopper	  –	  Fan	  	  

Key	  requirements	  
•  RotaGon	  speed: 	  	  (7	  -‐	  56	  Hz)	  
•  Openings: 	   	  Variable	  width,	  Asymmetric	  
	  
Principal	  characterisGcs	  
•  Type:	  	   	  XPA-‐1-‐H-‐	  (horizontal	  axis	  disc	  chopper)	  	  
•  Rotors:	   	  mulGple	  concentric	  ‘Fan’	  	  
•  Diameter: 	  500	  -‐	  800mm	  

Enabling	  Technologies	  .	  
•  Rotor	  material: 	  Aluminium	  	  
•  Bearings: 	   	  Contact	  

	  

	  DC-‐SR-‐FAN	  

	  	  (3-‐5)	  



Plaporm	  6:	  
Prompt	  pulse	  suppression	  chopper	  PPSc	  	  

Key	  requirements	  
•  RotaGon	  speed: 	  	  (7	  -‐	  56	  Hz)	  
•  Closure: 	   	  3ms,	  Symmetric	  or	  Asymmetric	  	  
•  A<enuaGon	  : 	  90%	  @	  Prompt	  pulse	  energies	  
•  Extreme	  radiaGon	  resistance	  
	  
Principal	  characterisGcs	  
•  Type:	  	   	  PA-‐10-‐H-‐	  (horizontal	  axis	  chopper)	  	  
•  Rotors:	   	  300	  –	  400	  thick	  ,	  single	  or	  double	  
•  Diameter: 	  500	  -‐	  600mm	  

Enabling	  Technologies	  .	  
•  Rotor	  material: 	  Nickel	  alloy	  /	  Tungsten	  	  
•  Bearings: 	   	  MagneGc	  

	  

	  PPSc	  

	  	  (4-‐8)	  

PA
-‐1
0	  

(P
PS
c)
	  



2014	   2015	   2016	   2017	   2018	   2019	   2020	   2021	   2022	   2023	   2024	   2025	   2026	   2027	   2028	  

Operations	  Schedule	  

#1	  

#2	  

#3	  

#4	  

#5	  

#6	  

#7	  

#8	  

#9	  

#10	  

#11	  

#12	  

#13	  

#14	  

#15	  

#16	  

Initial	  Design	   Final	  Design	   Procurement	  
&	  Fabrication	  

Construction	   Installation	   Cold	  
Commissioning	  

Hot	  Commissioning	  

1s
t 	  N

eu
tr
on

s	  

Instrument	  projects	  overview	  



Chopper	  deliveries	  p.a.	  	  

0	  

5	  

10	  

15	  

20	  

25	  

30	  

35	  

2018	   2019	   2020	   2021	   2022	   2023	   2024	  
TYPE	  1	  (DC-‐SR	  LP)	   TYPE	  2	  (DC-‐SR	  IP)	   TYPE	  3	  (DC-‐SR	  HP)	   TYPE	  4	  (DC-‐LR)	   TYPE	  5	  (FAN)	   TYPE	  6	  (PPSc)	  



CHOPPER	  SYSTEM	  	  	  
ENGINEERING	  INTEGRATION	  

24	  



Hardware	  integraGon	  

•  IntegraGon	  into	  instrument	  
control	  	  HW	  (CHIC)	  

•  Instrument	  control	  soyware	  
•  Power	  
•  Cooling	  systems	  	  
•  Vacuum	  systems	  	  

OperaGonal	  interfaces	  
•  Access	  requirements	  

–  Instrument	  support	  teams	  
–  Target	  systems	  

•  Neighboring	  instruments	  (!)	  



Hardware	  integraGon	  



IntegraGon	  
	  -‐	  Shielding	  &	  uGliGes	  	  

EXTRACTION	  
PATH	  

BUNKER	  CRANE	  20t	  
HALL	  CRANE	  	  30t	  

•  Design	  guidelines	  
–  Equipment	  recommendaGons	  

•  Details	  of	  performance,	  sizes,	  service	  
•  InstallaGon	  concepts	  
•  Physical	  Interfaces	  	  

•  Facility	  requirements	  
–  Provisions	  for	  component	  access	  
–  Levels	  of	  reliability	  &	  serviceability	  	  
–  Constraints	  on	  InstallaGon	  packaging	  	  
–  DefiniGons	  of	  Interface	  ESS	  facility	  

systems	  	  
•  Control	  hardware	  &	  soyware	  
•  MPS	  &	  PSS	  
•  Power,	  Vacuum,	  cooling,	  etc	  



IntegraGon	  
-‐	  beamline	  components	  

EvaluaGon	  of	  opGons	  to	  achieve	  best	  
balance	  of	  instrument	  neutronic	  
performance	  /	  serviceability	  /	  cost	  
	  
•  Windows	  or	  Common	  Vacuum	  
•  Reduced	  interrupGons	  to	  guide	  



IntegraGon	  
-‐	  Sub	  system	  level	  

29	  

Standardised	  Interfaces	  
•  CHOPPER	  –	  GUIDE	  
•  CHOPPER	  –	  SHIELDING	  
•  CHOPPER	  –	  COOLING	  
•  CHOPPER	  –	  VACUUM	  
•  CHOPPER	  –	  Control	  Systems	  

Power Supply

Scientific and Engineering HMI Chopper parameters DB Local / service / 
diagnostic HMI

Service com.

PSS

Control box

Chopper Drive 1

Motor control

Bearing control

CHICS (PLC System)

MPS

Diagnostics

Control/
interfacing

Main com.

DMSC

Bulk data com.

Sync. pulse

Time stamp sync.
E-Stop

Instr. PSS

Sync. pulse

Zero speed

UPS

UPS OK

EPICS IOC TS

Status

Local DB

PSS sensors
Rotor speed 1

E-Stop button(s)

Safety sensors

….

Rotor speed N

Sensors 1
Motor temp.

Bearing temp

…

...

….

Chopper Drive 2

Sensors N
Motor temp.

Bearing temp

...

...

….

Motor control

Bearing control

Modbus TCP

Safe speed

Hardwire
Hardwire

Chopper Drive 
Development Software

Analog/digital

Sync out

General diag. MPS 1

Vacuum press.

Coolant flow
Coolant temp.

Rack temp.

Vib. XYZ house

Supply voltage

Coolant press. syst

Coolant flow syst.

Diagnostics 1

Hall sensor

Rotor temp
Resolver./encoder

Vib. XYZ support

Vib. XYZ bearing

Diagnostics N

Hall sensor

Rotor temp
Resolver/encoder

Vib. XYZ support

Vib. XYZ bearing

MPS N

Vacuum press.

Coolant flow
Coolant temp.

Rack temp.

Vib. XYZ house

Supply voltage

N max= 4 (max 4 choppers 
conneted to one general 

controller)



IntegraGon	  
-‐	  component	  level	  interfaces	  	  

Standard	  interfaces	  
•  Spindle	  –	  Rotor	  
•  Spindle	  housing	  
•  Housing	  support	  structure	  
•  Beam	  windows	  

Standard	  methods	  
•  Absorber	  coaGngs	  	  
•  Seals	  



IntegraGon	  
	  -‐	  Control	  system	  
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IntegraGon	  
Choppers	  as	  ‘networked	  devices’	  

32	  

ESS	  CHIC	  

Machine	  	  
ProtecGon	  System	  

MoGon	  
Control	  

Bearing	  
Control	  

Sensors	  
Motor	  temp	  

Bearing	  temp	  

Motor	  Pos	  

MPS	  Sensors	  
Vacuum	  

Cooling	  temp	  

•  Parameters	  
•  User	  interface	  
•  Data	  logging	  

Machine	  	  
ProtecGon	  System	  

Machine	  	  
ProtecGon	  System	  

Control/	  
Interface	  

Chopper	  drive	  

DiagnosGcs	  

Fieldbus	  	  
(Modbus	  TCP/IP)	  

Time	  criGcal	  signals	  
(Hardwire)	  



IntegraGon	  
-‐	  Equipment	  standards	  

•  Equipment	  standards	  
–  Required	  funcGonaliGes	  &	  

performance.	  
–  Required	  equipment	  standards	  or	  

cerGficaGon	  	  
–  Required	  interface	  definiGons	  	  

•  Lists	  of	  compaGble	  &	  tested	  
equipment	  

Power Supply

Scientific and Engineering HMI Chopper parameters DB Local / service / 
diagnostic HMI

Service com.

PSS

Control box

Chopper Drive 1

Motor control

Bearing control

CHICS (PLC System)

MPS

Diagnostics

Control/
interfacing

Main com.
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Bulk data com.

Sync. pulse

Time stamp sync.
E-Stop
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Sync. pulse

Zero speed

UPS

UPS OK

EPICS IOC TS

Status

Local DB
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Rotor speed 1

E-Stop button(s)

Safety sensors

….

Rotor speed N
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Motor temp.

Bearing temp

…

...

….

Chopper Drive 2
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Motor temp.

Bearing temp

...

...

….

Motor control

Bearing control

Modbus TCP

Safe speed

Hardwire
Hardwire

Chopper Drive 
Development Software

Analog/digital

Sync out

General diag. MPS 1

Vacuum press.

Coolant flow
Coolant temp.

Rack temp.

Vib. XYZ house

Supply voltage

Coolant press. syst

Coolant flow syst.

Diagnostics 1

Hall sensor

Rotor temp
Resolver./encoder

Vib. XYZ support

Vib. XYZ bearing

Diagnostics N

Hall sensor

Rotor temp
Resolver/encoder

Vib. XYZ support

Vib. XYZ bearing

MPS N

Vacuum press.

Coolant flow
Coolant temp.

Rack temp.

Vib. XYZ house

Supply voltage

N max= 4 (max 4 choppers 
conneted to one general 

controller)



A	  vision	  of	  ’Chopper	  systems’	  in-‐kind	  
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	  DISC	  CHOPPER	  
LOW	  SPEED	  

	  	  5
8	   30
	  

	  DISC	  CHOPPER	  	  
HIGH	  SPEED	  

	  DISC	  CHOPPER	  
VERY	  HIGH	  SPEED	  

	  1
9	  
	  	  

	  LARGE	  	  
ROTOR	  

20
	  

FAN/PPSc/Fermi	  

	  8
	  

)	  

	  22	  Instruments	  	  ~	  145	  axis	  

COMPANY	  Y	  
(IKC	  -‐	  F)	  

COMPANY	  X	  
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THE	  END	  

Thank	  you	  for	  you	  a<enGon	  
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