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ESS	
  Instrument	
  technologies	
  	
  

•  PHOTO	
  ISIS	
  Instrument	
  
•  -­‐	
  overlay	
  schema6c	
  
components	
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The	
  Instrument	
  Construc6on	
  process	
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Engineering	
  	
  
+	
  Project	
  
planning	
  to	
  
comple6on	
  



Phase I - Preliminary design 
 from proposal to project… 	
  

Explora6on	
  of	
  
Requirements	
  

Func6onal	
  
analysis	
  

Concept	
  
genera6on	
  

and	
  evalua6on	
  

Concept	
  
development	
  

Design	
  report	
  
Project	
  plan	
  	
  
Toll	
  gate	
  2	
  

Explora6on	
  of	
  
Requirements	
  

Theore6cal	
  
studies	
  

Engineering	
  
studies	
  

Engineering	
  
Specifica6on	
   Procurement	
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Phase	
  I	
  
Workflow	
  

Key	
  areas	
  of	
  support	
  
	
  &	
  guidance	
  
•  Chopper	
  documents	
  

•  Standards	
  &	
  requirements	
  
•  Interfaces	
  
•  Strategies	
  
•  Guidelines	
  

•  Design	
  support	
  
•  Basic	
  CAD	
  models	
  
•  Neutronic	
  Simula6on	
  



‘check	
  points’	
  

•  Regular	
  mee6ngs	
  to	
  coordinate	
  
with	
  internal	
  ac6vi6es	
  and	
  
receive	
  input.	
  

•  Check	
  points	
  along	
  the	
  design	
  
process	
  at	
  major	
  decisions	
  to	
  
ensure	
  that	
  chosen	
  solu6on	
  is	
  
compa6ble	
  with	
  ESS	
  standards	
  &	
  
requirements.	
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Answer	
  the	
  ques6on	
  !	
  

•  Is	
  it	
  technically	
  feasible	
  to	
  construct	
  a	
  chopper	
  
system	
  mee6ng	
  the	
  stated	
  performance	
  
requirements	
  and	
  which	
  can	
  be	
  operated	
  and	
  
maintained	
  during	
  the	
  service	
  life	
  of	
  the	
  
instrument	
  ?	
  

•  Can	
  this	
  be	
  done	
  with	
  the	
  instruments	
  budget	
  and	
  
schedule	
  constraints	
  and	
  at	
  an	
  acceptable	
  level	
  of	
  
risk	
  ?	
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Design	
  report	
  

Project	
  plan	
  



-­‐	
  SUPPORT	
  to	
  INSTRUMENTS	
  
	
  
Preliminary	
  Design	
  Phase	
  
-­‐	
  Engineering	
  support	
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PRELIMINARY	
  
DESIGN	
  

Engineering	
  	
  

Technical	
  
specifica6on	
  

Conceptual	
  
design	
  

Project	
  
defini6on	
  

Project	
  plan	
  

SUPPORT	
  
ENABLE	
  
INTEGRATE	
  



Ac6vi6y	
  01	
  
Requirements	
  collec6on	
  

	
  
FUNCTIONAL	
  REQUIREMENTS	
  
•  The	
  neutron	
  chopper	
  system	
  shall	
  transmit	
  a	
  wavelength	
  band	
  of	
  

neutrons	
  selected	
  from	
  all	
  incident	
  wavelengths.	
  
•  Wavelength	
  shall	
  be	
  selectable	
  within	
  the	
  range	
  of	
  1.8Å	
  to	
  22Å.	
  
•  The	
  neutron	
  chopper	
  system	
  shall	
  block	
  a9enuate	
  the	
  transmission	
  

of	
  neutrons	
  outside	
  of	
  selected	
  wavelength	
  band.	
  

OPERATIONAL	
  REQUIREMENTS	
  
–  The	
  chopper	
  system	
  shall	
  be	
  func6onally	
  and	
  opera6onally	
  

compa6ble	
  with	
  chopper	
  support	
  systems	
  at	
  the	
  facility.	
  
–  Compa6bility	
  with	
  ESS	
  interfaces	
  
–  Equipment	
  accessibility	
  
–  Equipment	
  RAM	
  
–  Cer6fica6on	
  
–  Compa6bility	
  with	
  target	
  opera6ng	
  costs	
  
–  Environmental	
  protec6on	
  
–  Decommissioning	
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Ac6vity	
  02	
  
Establish	
  of	
  a	
  baseline	
  architecture	
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Establish	
  the	
  ‘architecture’	
  of	
  the	
  instrument	
  chopper	
  
system	
  such	
  that	
  it	
  may	
  be	
  	
  
•  A	
  common	
  reference	
  for	
  all	
  par6es	
  
•  Simulated	
  	
  
•  Explored	
  and	
  Improved!	
  

Loki	
  –	
  ini6al	
  design…	
  

13	
  



Ac6vity	
  03	
  
Evalua6on	
  of	
  func6onal	
  variants	
  

14	
  

•  Explore	
  variants	
  
•  Include	
  facility	
  opera6onal	
  requirement	
  and	
  constraints	
  
•  Interfaces	
  	
  
•  Explore	
  instrument	
  upgrade	
  &	
  staging	
  approaches	
  
•  Develop	
  rough	
  cos6ng	
  	
  
•  Establish	
  performance	
  specifica6on	
  
•  Simulate	
  performance	
  	
  

Evaluate	
  &	
  select	
  within	
  the	
  team	
  the	
  best	
  overall	
  concept	
  for	
  
instrument	
  overall.	
  

LOKI	
  –	
  Final	
  design	
  ….	
  

14	
  



	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  
	
  
	
  	
  
	
  

	
  
	
  

	
  
	
  
	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  

	
  
	
  
	
  
	
  

	
  
	
  

	
  
	
  
	
  
	
  

	
  
	
  

Variant 
C5.A 

•  Consider	
  ‘opera6onal	
  aspects’	
  
•  Installa6on	
  	
  
•  Maintainability	
  
•  Mechanical	
  and	
  service	
  interfaces	
  

•  Packaging	
  
•  Failure	
  &	
  Spares	
  

BE
AM

	
  
M
O
N
IT
O
R	
  

EXAMPLE	
  of	
  C5A	
  from	
  ILL	
  IN5	
  

Ac6vity	
  04	
  
Implementa6on	
  



Ac6vity	
  05	
  
Documenta6on	
  

	
  
Chopper	
  System	
  Overview	
  
Chopper	
  System	
  Func6onal	
  Requirements	
  
Chopper	
  System	
  Opera6onal	
  Requirements	
  
Chopper	
  System	
  Specifica6on	
  
Chopper	
  System	
  Conceptual	
  Design	
  Report	
  
Chopper	
  System	
  Supply	
  Project	
  Plan	
  
Chopper	
  System	
  Risk	
  Analysis	
  
	
  
A1	
  -­‐	
  Product	
  Breakdown	
  Structure	
  (PBS)	
  
A2	
  -­‐	
  Project	
  Schedule	
  
A3	
  -­‐	
  Work	
  Unit	
  Spreadsheet	
  
A4	
  -­‐	
  Chopper	
  Work	
  Unit	
  Defini6on	
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PRELIMINARY	
  
DESIGN	
  

Engineering	
  	
  

Technical	
  
specifica6on	
  

Conceptual	
  
design	
  

Project	
  
defini6on	
  

Project	
  plan	
  



Phase	
  I	
  
Preliminary	
  design	
  
Project	
  documenta6on	
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PRELIMINARY	
  
DESIGN	
  

Engineering	
  	
  

Technical	
  
specifica6on	
  

Conceptual	
  
design	
  

Project	
  
defini6on	
  

Project	
  plan	
  



RESPOSIBLE	
  FOR	
  WU	
  DELIVERY	
  
ESS	
  
PARTNER	
  
SPLIT	
  

18	
  

Neutron	
  Chopper	
  System	
  
13.6.4.1.3	
  

Pit	
  Assembly	
  1	
  
13.6.4.1.3.1	
  

Chopper	
  
integra6on	
  
module	
  

Chopper	
  
Assembly	
  1	
  

Pit	
  Assembly	
  2	
  
13.6.4.1.3.2	
  

Chopper	
  
integra6on	
  
module	
  

Chopper	
  
Assembly	
  2	
  

Control	
  
13.6.4.1.3.3	
  

Condi6on	
  
Monitoring	
  

Rack	
  	
  
&	
  Cabling	
  

Control	
  Hardware	
  

Soqware	
  

Support	
  systems	
  
13.6.4.1.3.4	
  

Vacuum	
  

Power	
  supply	
  

Cooling	
  

Integra6on	
  

Project	
  
Management	
  

HW	
  	
  
Integra6on	
  

Installa6on	
  

Commissioning	
  

Phase	
  I	
  	
  
Chopper	
  systems	
  Project	
  plan	
  	
  	
  
-­‐	
  WBS	
  



Phase	
  I	
  	
  
Chopper	
  systems	
  project	
  plan	
  
-­‐	
  Schedule	
  6ll	
  comple6on	
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Financial	
  
Commitment	
  	
  

ESS	
  enabling	
  
technologies	
  ac6vi6es	
  

Systems	
  
integra6on	
  off-­‐line	
  

START	
  Embodiment	
  
design	
  

Systems	
  
Installa6on	
  on-­‐
site	
  



Establish	
  resource	
  budgets	
  
•  Hardware	
  cost	
  es6mates	
  

–  Direct	
  costs	
  
–  Indirect	
  costs	
  	
  	
  	
  

•  Manpower	
  es6mates	
  
–  Direct	
  manpower	
  
–  Indirect	
  

Including	
  on-­‐site	
  ac6vi6es!	
  
•  Integra6on	
  	
  
•  Installa6on	
  
•  on-­‐site	
  service	
  connec6ons	
  	
  

20	
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Phase	
  I	
  	
  
Chopper	
  systems	
  project	
  plan	
  
-­‐	
  resource	
  es6mates	
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Technical	
  risks	
  
•  Failure	
  mode	
  analysis	
  
•  Safety	
  assessments	
  
•  Reliability-­‐Availability	
  &	
  

Maintainability	
  assessments	
  
•  Opera6ng	
  strategy	
  

Project	
  risks	
  
•  Schedule	
  risk	
  
•  Cri6cal	
  component	
  supply	
  

Ensure	
  compliance	
  with	
  
opera6onal	
  requirements	
  and	
  
strategies	
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Phase	
  I	
  	
  
Chopper	
  systems	
  project	
  plan	
  
-­‐	
  RAM	
  &	
  Risk	
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Finding	
  the	
  right	
  partners	
  for	
  
getng	
  the	
  job	
  done	
  

Horizontal	
  in-­‐kind	
  
	
  
•  Supplier	
  framework	
  

agreements	
  
•  Access	
  to	
  mutualized	
  

development	
  projects.	
  
•  Access	
  to	
  experience	
  

Phase	
  I	
  	
  
Chopper	
  systems	
  project	
  plan	
  
Procurement	
  plan	
  



Project	
  ac6vi6es	
  
Documenta6on	
  

	
  
Chopper	
  System	
  Overview	
  
Chopper	
  System	
  Func6onal	
  Requirements	
  
Chopper	
  System	
  Opera6onal	
  Requirements	
  
Chopper	
  System	
  Specifica6on	
  
Chopper	
  System	
  Conceptual	
  Design	
  Report	
  
Chopper	
  System	
  Supply	
  Project	
  Plan	
  
Chopper	
  System	
  Risk	
  Analysis	
  
	
  
A1	
  -­‐	
  Product	
  Breakdown	
  Structure	
  (PBS)	
  
A2	
  -­‐	
  Project	
  Schedule	
  
A3	
  -­‐	
  Work	
  Unit	
  Spreadsheet	
  
A4	
  -­‐	
  Chopper	
  Work	
  Unit	
  Defini6on	
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PRELIMINARY	
  
DESIGN	
  

Engineering	
  	
  

Technical	
  
specifica6on	
  

Conceptual	
  
design	
  

Project	
  
defini6on	
  

Project	
  plan	
  



DMSC	
  

Servo	
  Control	
  
Electronics	
  &	
  
Parameters	
  

Control	
  box	
  	
  
Soqware	
  

(device	
  driver)	
  

	
  Mo6on	
  control	
  	
  
Soqware	
  

Control	
  Network	
  
HW	
  /	
  SW	
  

	
  Electronic	
  
Hardware	
  &	
  	
  
Middleware	
  	
  

	
  Instrument	
  	
  
control	
  Soqware	
  

ICS	
  

Mo6on	
  
Control	
  Control	
  

	
  Box	
  

	
  Chopper	
  	
  
Hi	
  level	
  Control	
  
algorithms	
  

	
  Communica6on	
  
	
  protocols	
  

Data	
  acquisi6on	
  
Soqware	
  

Chopper	
  Integrated	
  
Slow	
  mo6on	
  

Control	
  

Facility	
  

Instrument	
  specific	
  
components	
  

Instrument	
  specific	
  
installa6ons	
  

Instrument	
  #	
  22	
  

Instrument	
  specific	
  
chopper	
  control	
  
parameters	
  

Instrument	
  #2	
  

Instrument	
  
availability	
  

Machine	
  
Protec6on	
  
Systems	
  

Personnel	
  
Safety	
  
	
  Systems	
  

Timing	
  	
  
signals	
  

Instrument	
  #1	
  

Health	
  &	
  	
  
Safety	
  

Safe	
  working	
  
	
  prac6ces	
  

Containment	
  

Contamina6on	
  

Detectors	
  

Op6cs	
  &	
  	
  	
  
Shielding	
  

Guide-­‐Chopper	
  
Interface	
  

Alignment	
  

Neutron	
  op6cs	
  
Vacuum	
  systems	
  

Crane	
  access	
  &	
  
capacity	
  

Building	
  Services	
  

Cooling	
  /	
  	
  
heat	
  recovery	
  

Electrical	
  
Power	
  &	
  UPS	
  

Ven6la6on	
  

Integrated	
  
Beamline	
  
	
  shielding	
  

Sample	
  	
  
Environment	
  

Opera6ng	
  
schedule	
  

Target	
  
Monolith	
  /	
  
instrument	
  
interface	
  



Neutron	
  Chopper	
  System	
  
	
  Interface	
  configura6on	
  defini6ons	
  

•  ICD	
  NCG-­‐CF	
  
•  ICD	
  NCG-­‐Cooling	
  
•  ICD	
  NCG-­‐Mo6on	
  Control	
  and	
  Automa6on	
  
•  ICD	
  NCG-­‐Health	
  and	
  safety	
  
•  ICD	
  NCG-­‐Op6cs	
  
•  ICD	
  NCG-­‐Shielding	
  
•  ICD	
  NCG-­‐Vacuum	
  
•  ICD	
  NCG-­‐DMSC	
  
•  ICD	
  NCG-­‐ICS	
  EPICS	
  SW	
  
•  ICD	
  NCG-­‐ICS	
  Machine	
  Protec6on	
  System	
  
•  ICD	
  NCG-­‐ICS	
  Personnel	
  Safety	
  System	
  
•  ICD	
  NCG-­‐ICS	
  Timing	
  System	
  Network	
  
•  ICD	
  NCG-­‐CHiC-­‐Drive	
  
•  ICD	
  NCG-­‐Detectors	
  
•  ICD	
  NCG-­‐Sample	
  sta6on	
  
•  ICD	
  NCG-­‐Target	
  Sta6on	
  

Draq	
  releases	
  Q3	
  2015	
   25	
  



PHYSICAL	
  INTEGRATION	
  

Chopper	
  Integra6on	
  modules	
  (CHiM)	
  
	
  
Includes	
  elements	
  of	
  	
  
•  Services	
  (Vac,	
  Cooling)	
  
•  Neutron	
  Op6cs	
  
•  Vacuum	
  housings	
  
•  Local	
  shielding	
  
•  Support	
  structures	
  
•  Beam	
  monitor	
  
•  Safety	
  func6ons	
  
	
  
A	
  coherent	
  approach	
  to	
  implementa6on	
  
across	
  the	
  instrument	
  suite,	
  ensuring	
  reliable	
  
high	
  performance	
  and	
  opera6onal	
  
serviceability	
  	
  

Integra4on	
  

Hardware	
  
Integra4on	
  
(CHIM)	
  

Julich	
  

Astrium	
  

SKF	
  

Mirrotron	
  

ISIS	
  /	
  
Bosch	
  

Handling	
  
Support	
  
func4on	
  

Integra4on	
  

Diagnos4cs	
   Vacuum	
  

Cooling	
  

Implemented	
  through	
  	
  
Published	
  	
  GUIDELINES	
  &	
  STANDARDS	
  



Chopper	
  Control	
  :	
  Modular	
  Instrument	
  Control	
  
Concept	
  

EPICS	
  (ICS)	
  

Timing	
  (ICS)	
  

160m	
  

CB	
   CB	
   CB	
   	
  	
  CB+	
   	
  	
  CB+	
  CB	
  CB	
  CB	
  CB	
   	
  	
  CB+	
   BDI	
  BDI	
  

n	
  

BDI	
  

DMSC	
  User	
  
Interface	
  

Instrument	
  
Control	
  

Data	
  
Aggrega6on	
  

•  Flexibility	
  in	
  how	
  partners	
  contribute	
  to	
  the	
  instrument	
  
•  Flexibility	
  in	
  how	
  instruments	
  consor6a	
  distribute	
  their	
  shares	
  
•  Flexibility	
  in	
  how	
  much	
  in-­‐kind	
  partner	
  contributes	
  to	
  the	
  control	
  electronics	
  
	
  

!

In
st
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co
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(v
er
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  in
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ES
S	
  
	
  

(h
or
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ta
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  i
n-­‐
ki
nd

)	
  

CHIC	
  CHIC	
  



CHOPPER	
  INTEGRATION	
  	
  CONTROLER	
  (CHiC	
  )	
  
Hardware	
  &	
  Soqware	
  Integra6on	
  (EPICS)	
  
between	
  suppliers	
  chopper	
  units	
  and	
  ’the	
  
facility’	
  	
  
•  Instrument	
  control	
  system	
  DMSC	
  via	
  ICS	
  
•  Instrument	
  level	
  Personal	
  Safety	
  Systems	
  
•  Machine	
  Protec6on	
  Systems	
  

ESS	
  Standard	
  Condi6on	
  monitoring	
  &	
  
Diagnos6cs	
  system	
  

	
  

28	
  

ESS	
  STANDARDS	
  
Chopper	
  control	
  systems	
  	
  
&	
  Condi6on	
  monitoring	
  	
  

DMSC

ICS

Chopper unit

Neutron Chopper Group

PSS

Chopper Drive

MPS

Diagnostics

CHIC (PLC System)

MPS
Diagnostics

Control interface

Main com.
Sync. pulse

Com.

EPICS IOC Timing 
System

Status

CHIC Software Drivers

MPS

Status

Instrument
HMI

Instrument 
engineering 

HMI
Experiment 

data 
processing

Instrument 
parameter 

configurator

Master
clock

88 MHz

Main EPICS database

Motor control

Implemented	
  through:	
  	
  
•  Development	
  of	
  Integra6on	
  hardware	
  
•  Hardware	
  &	
  Soqware	
  STANDARDS	
  



ESS	
  Technical	
  standards,	
  
Neutron	
  chopper	
  systems	
  



ESS	
  requirements,	
  specifica6on	
  and	
  
equipment	
  standards	
  

30	
  

•  Facility	
  requirements	
  
–  Safety	
  &	
  security	
  
–  Legisla6on	
  
–  Cer6fica6on	
  
–  Quality	
  assurance	
  
–  ….	
  

•  Opera6onal	
  requirements	
  
–  Reliability	
  
–  Availability	
  
–  Maintainability	
  
–  Transportability	
  
–  ….	
  

ESS	
  Document	
  :ESS0034247	
  	
  
	
  



Neutron	
  chopper	
  systems	
  	
  
Strategies	
  

•  Neutron	
  chopper	
  systems,	
  during	
  instrument	
  
design,	
  construc6on	
  and	
  integra6on	
  	
  

–  ESS	
  Document	
  :ESS0034263	
  	
  
–  Draq	
  release	
  Q3	
  2015	
  

	
  
•  Neutron	
  chopper	
  systems,	
  during	
  instrument	
  

installa6on,	
  commissioning	
  and	
  early	
  opera6on	
  
–  ESS	
  Document	
  :ESS0034261	
  	
  
–  Draq	
  release	
  Q4	
  2015	
  

•  Neutron	
  chopper	
  systems	
  during	
  instrument	
  
normal	
  opera6on	
  

–  ESS	
  Document	
  :ESS0034260	
  
–  Draq	
  release	
  Q3	
  2015	
  

•  Neutron	
  chopper	
  system	
  during	
  decommissioning	
  
and	
  disposal	
  	
  

–  ESS	
  Document	
  :ESS0034259	
  
–  Draq	
  release	
  Q1	
  2016	
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Neutron	
  Chopper	
  System	
  
	
  Interface	
  configura6on	
  defini6ons	
  

•  ICD	
  NCG-­‐CF	
  
•  ICD	
  NCG-­‐Cooling	
  
•  ICD	
  NCG-­‐Mo6on	
  Control	
  and	
  Automa6on	
  
•  ICD	
  NCG-­‐Health	
  and	
  safety	
  
•  ICD	
  NCG-­‐Op6cs	
  
•  ICD	
  NCG-­‐Shielding	
  
•  ICD	
  NCG-­‐Vacuum	
  
•  ICD	
  NCG-­‐DMSC	
  
•  ICD	
  NCG-­‐ICS	
  EPICS	
  SW	
  
•  ICD	
  NCG-­‐ICS	
  Machine	
  Protec6on	
  System	
  
•  ICD	
  NCG-­‐ICS	
  Personnel	
  Safety	
  System	
  
•  ICD	
  NCG-­‐ICS	
  Timing	
  System	
  Network	
  
•  ICD	
  NCG-­‐CHiC-­‐Drive	
  
•  ICD	
  NCG-­‐Detectors	
  
•  ICD	
  NCG-­‐Sample	
  sta6on	
  
•  ICD	
  NCG-­‐Target	
  Sta6on	
  

Draq	
  releases	
  Q3	
  2015	
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Standard	
  components	
  

•  Component	
  specifica6ons	
  
–  Control	
  racks	
  
–  UPS	
  systems	
  
–  Cooling	
  systems	
  

•  Component	
  recommenda6ons	
  	
  
–  Sensors	
  
–  Motors	
  
–  Cables	
  
–  Seals	
  

•  Material	
  recommenda6ons	
  
–  Materials	
  for	
  construc6on	
  	
  
–  Beam	
  windows	
  
–  Pressure	
  housings	
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ESS	
  Document	
  :ESS0034258	
  	
  



	
  PARTNER	
  
	
  PARTICIPATION	
  

•  STANDARDS	
  DEFINITION	
  
–  Test	
  Protocols	
  	
  
–  Materials	
  
–  Solu6ons	
  

•  EQUIPMENT	
  VALIDATION	
  
–  Performance	
  
–  Irradia6on	
  
–  Endurance	
  	
  	
  

•  PROCUREMENT	
  OPTIONS	
  
–  Chopper	
  units	
  
–  Spindles	
  
–  Rotors	
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TAP	
  

SUPPLIER	
  
FORUM	
  



HORIZONTAL	
  &	
  VERTICAL	
  

Control	
  System	
  +PSS/	
  MPS	
  (CHiC)	
  

Chopper	
  -­‐	
  Facility	
  Interfaces	
  (CHiM)	
  

U6li6es	
  (cooling/vac/power)	
  

Chopper	
  –	
  housing	
  

Chopper	
  unit	
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ESS	
  INSTRUMENT	
  TECHNOLOGIES	
  
	
  
	
  -­‐	
  SUPPORT	
  
	
  -­‐	
  ENABLE	
  
	
  -­‐	
  INTEGRATE	
  
	
  

	
   	
   	
  	
  	
  	
  	
  END	
  
Thank	
  you	
  for	
  your	
  a9en6on	
  



Frame	
  work	
  agreement	
  summary	
  

•  ESS	
  nego6ates	
  of	
  	
  framework	
  agreement	
  with	
  suppliers	
  
and	
  funding	
  partners.	
  

•  ESS	
  tenders	
  and	
  puts	
  in	
  place	
  frame	
  work	
  agreements	
  for	
  
batches	
  of	
  equipment	
  in	
  a	
  strategic	
  manner.	
  

•  Several	
  sources	
  would	
  remain	
  open	
  for	
  each	
  type	
  of	
  
equipment.	
  	
  

•  Purchases	
  under	
  the	
  nego6ated	
  condi6ons	
  may	
  be	
  made	
  
by	
  any	
  instrument	
  group	
  within	
  the	
  project	
  from	
  
suppliers	
  under	
  the	
  frame	
  work	
  agreement.	
  

•  Payments	
  are	
  made	
  by	
  funding	
  partners	
  to	
  the	
  suppliers.	
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ESS	
  
Overview	
  of	
  the	
  suite	
  of	
  neutron	
  choppers	
  

	
  6	
  ‘plazorms’	
  	
  ~150	
  Choppers	
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A	
  vision	
  of	
  ’Chopper	
  systems’	
  in-­‐
kind	
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  22	
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  axis	
  

COMPANY	
  Y	
  
(IKC	
  -­‐	
  F)	
  

COMPANY	
  X	
  
(IKC	
  -­‐	
  H)	
  

ESS	
  
ESS	
  

ESS	
  

	
  
‘M’	
  
IKC	
  -­‐
UK	
  

	
  
‘P’	
  
IKC-­‐
UK	
  

	
  
‘L’	
  
IKC	
  -­‐	
  
UK	
  

FACILITY	
  C	
  
(IKC	
  -­‐	
  D)	
  

INSTITUT
E	
  D	
  

(IKC-­‐D)	
  

COMPANY	
  A	
  
(IKC	
  -­‐	
  D)	
  

INSTITUT	
  B	
  
(IKC	
  -­‐	
  D)	
  

IKC	
  
Spain	
  

IKC	
  
?	
  

IKC	
  
?	
  

IKC	
  
Poland

?	
  

IKC	
  
Italy	
  ?	
  

IKC	
  
Lithuani

a?	
  

IKC	
  
?	
  

IKC	
  
Spain
?	
  


