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Introduction

European Spallation Source (ESS)

- 3522 I MHzC = = 70442 MHz—— 2017 March

«25m=> €«4b6m> €«40m> €38Im> €«59Im> «—767Tm—> <« I1789m —>

- @

75 keV 3.6 MeV 90 MeV

Proton accelerator:

Max. average beam power: 5 MW
Peak power per pulse: 125 MW
Average beam current: 62.5 mA
Max. repetition rate: 14 Hz

Max. pulse length: 2.86 ms

Max. proton energy: 2 GeV

216 MeV

571 MeV 2000 MeV

ESS NEUTRON PULSE

Brilliance

EUROPEAN
SPALLATION
SOURCE

Target station:

Rotating Tungsten wheel
Helium cooled

New moderator design

0 1 2 3 Time [ms]

ESS will be a Neutron Factory!



Introduction (o) ) o

SOURCE

Machine Protection at ESS

[MP Management
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Highly reliable MP Functions

* A specifically developed analysis method: * Following IEC 61508 standard (functional safety
standard for EEPE)

Damage Doves * Protection Functions with PIL (Protection
ik 2 Integrity Level) and response time requirements
o — Redundancies, test mechanisms, diagnostics, safety
gy e X, ¥, €QUIPMeENt, additional layers of protection, etc.
E H ] i
- Mitigated by v - v B ,
i [Sub—HEa(z)grdtz ] i [SutyHEaczmardLS ] E!edz,gm i
['ﬁé&ﬁ&é": ;:mmon Mitigated b Eﬁi‘ﬁ; ted b i E""N'""' H H H
ST | ,,,,, e * Trying to reduce spurious trips:
B — B — —— — Not overdesigning machine protection equipment
pl e [ Fugff‘ﬁna ]v \ FU:F‘%M J ,,,,,,,,,,,,, v — Voting schemas (e.g. 2003) for some sensors
v ﬁ Yyv \ 4
[ PIL2 ] [ PIL2 ] \ PILO ] [ PIL1 ] [ PIL1 J ;
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MP systems integrated into operations and commissioning

* Design process usually focusses on reaching high reliability (in the protective sense) as well as fast
response time

* A smooth operation has to be facilitated - sometimes not properly taken care of

 Machine Protection systems have to be thought together with the rest of the machine

4

« MP teams need people with overall perspective in addition to technical profiles (PLCs, FPGAs, etc.)
* Good communication with operations, accelerator and target teams

* Review and analyze MP systems from the overall perspective (use cases, operation modes, etc.)
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Context

e ESS has many devices that can move inside the beam pipe (instrumentation, beam stops,
Gamma blockers, Vacuum valves...)

* Many can not deal with high intensity beam modes

* Some are water cooled -> can be not ready for beam

* Moving them in the wrong moment can imply very long downtimes
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MPS-ID old design

* The system was made very reliable (from
the protection point of view)

LPSID_EPICS: NOTIFY LPSID MODE
LPSID_EPICS: NOTIFY BIS MODE
LPSID_EPICS: NOTIFY FP ALLOWED

 Any movement had to be "approved” by
the MP System:

— Movement requested to MP (in or out)

EPICS_MC: CMD EXTRACT IDx

EPICS_LPSID: CMP INSERT IDx REQ EPICS MC: CMD INSERT IDx

EPICZS_LPSID| CMD REARM
EPICS_LIPSID: CMOJFULL POWER REQ

— MP checked status of everything (beam mode,
current position of ID, status of water cooling,

LPS for

C_LPSID: NOTIFY H.STATUS ID

__LPSID_BIS: CMD BEAM PERMIT , -
etc.) Interlock Interceptive LPSID_MC: CMD PARK Motion
' ' LPSID_MC: CMD PERMIT ID
- : Deyices oo o cupeneese - \CONtroller
— If everything ok -> movement permit System / Lpsip_sis: cvb FuLL POWER PERMI

Al

Interlock

* However, many situations (e.g. any
anomaly) would lead to not permitting
movement (fail safe)

MC_ID: CMD|EXTRACT IDx
TD_LPSID: NOTIFY BEAM MODE MC_ID:CMD) INSERT IDx
TD_LPSID: NOTIHY MACHINE MODE

TD_LPSID: NQTIFY BIS MODE

DNNOTIFY IDx POS

Timing Frame

* Some situations required to go physically (Timing
to the tunnel and move the device

10
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MPS-ID old design

31« BPICHLPIO CMD REARM =e TRUE Rutcn)

Quite complex state machine with many checks:

¥ - BPICE_LPIO: CAD REARM e TRUE
=

A1 = GBAD=0 e 3 P08
Ingeatng ey s OX

START-UP

LPSID_EPICS: LPSID MODE = START-UP
FDB,

)_Startlp

by the 05)

ATTEMPTING START_UP

LPSID_EPICS: LPSID MODE = ATTEMPTING START-UP

RE-INTEGRATE all F-U/Os by setting ACK_REI=1

PASSIVATE ALL F-l/O seting PASS_ON tag in F-IIO
DB (Blocking the output of process data)

ACK_NEC=1 for all F-/'Os(Manual re-ntegration
required)

1 = TO_LPED: NOTIEY S5 MODE == NORMAL.
ang
NOTITD_LPSD: NOTEY BIS MODE==
POST_MORTEM)

nd
MC_LPSO: NOTFY MEALTH STATUS Ox
(9EC0FANG WA Saa NN ma O
»a

«
IDLE ID_LPSID; NOTIFY ©x POS == (3c50rdng wen

x
1O_LPSID: NOTFY ©x P08 == OUT (accordng wth
LPSID_EPICS: LPSID MODE = IDLE e pn

=
'O_LPSID: NOTFY ©3 P08 ==0UT (X0COMing winbeam destnaton)
=na

MC_LPED:

=
P e T [ p———
©.LPBO: NOTFY 03508 == GUT (corang athses astraon)
me
VAC_LP SO CMD FREEZE =e FALSE
To_rEC: [y e—
NOT(TE,LP S0 815 MG Em= POST MORTE

LPSID_MC: CMD PERMIT Ds = NOK To. —
NOT(TO_LPSD: NOTIEY PULSE LENGTHeolONS)
nd

EPICE_LPSD: CAVD NGERT Ox REGe-TRUE
nd

PusE
LPSID_SBI: CMD BEAM PERMIT= OK
LPSID_MC: CMD FREEZE = FALSE

LPSID_EPICS: LPSID MODE = MEASUREMENT

IF (EPICS_LPSID: CMD INSERT ID_x REQ) THEN
LPSID_MC: CMD PERMIT Dx = OK

MORTEMI")

M1-TD_LPSD:
o
NOTITD_LPSD: 1S MODE== NORMAL)

o

O_LPSID: NOTFY D5 POB =eiN (accardng wih

VACLPSO: s
LPSID_MC: CMD PARK = FALSE wnvme:uurmu-m
LPSID: FULL POWER ALLOWED =FALSE

LPSID_SBI: CMD FULL POWER PERMIT = NOK

M2 - (EF1CH_LPSD: CMD FULL S OWER REQ == TRLE)
T NOT (1)

!

F1 = EPICE_LP SO CAD FULLPOWER REQ == FALSE
»a

>e
MC_LPSID: HEALTH STATUS (3 (xccordng wih
beam cessnaton) == NOK.
L
NOT(
D_LPEID: NOTFY Dz 508 == (3ccordng wih
Deam gestnaton)
o
O_LPSD: NOTIFY 102 06 == OUT (according weh
beam sestraean)
)
o
VACLPSO: CAD FREEZE w= TRUE
o«

1Dz nct Flowed 1 be IN uncer (TO_LPSD: NOTIFY
PULSE LENGTH, TD_LPSIC: NOTIFY FOWER,

LPSID_EPICS: LPSID MODE = INTERLOCKS MEASUREMENT
LPSID_MC: CMD PERMIT IDs (***) = NOK
LPSID_SBI: CMD BEAM PERMIT= NOK
IF (VAC_LPSID:CMD FREEZE==TRUE) THEN LPSID_MC: CMD FREEZE = TRUE|

() The FOST MORTEM moce I3 genenied
By e BIS whentne tewm e © be smmpes

{77) When e PERMIT Dz 2gnal bec e
INOK, the MC must exyaxc e Ds.

‘Thz extraction shou ke piace AFTER ol
hecsa have teen cxared by the
postmorens A sciuon may be 1o
bufler beary n e ALC 3 Pentbetoretne
enacton

1t & possbie it e WC Ber exrxcts the
103 when s Mo St & NOK, but just
NG e, mot 31 e mmsocHs conditans v
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NOTIFD) TO_LPSO: NOTFY CESTINATION) comnasion
= ]
e oo READY FOR FULL POWER T £2.1PSD NOTEY AL PONER ALOWED — FA 3} = =

L L aros . RFP1 = LFSD- NOTEY FULL POWER AL TorsO: e MosTEM

S on e LPSID_EPICS: LPSID MODE = FULL POWER - LPSID_EPICS: LPSID MODE = INTERLOCKS FULL POWER
= LPSID_EPICS: LPSID MODE = READY FOR FULL POWER PR T V[

NOT(TELP S0 85 MO0E~= POSTMORTEN) - LPSID_MC: CMD PARK = TRUE - LPSID: FULL POWER ALLOWED = FALSE
————tk 3 R = LPSID_SBI: CMD FULL POWER PERMIT = OK = - LPSID_SBI: CMD FULL POWER PERMIT = NOK

e ) LPSO NOTFY D3 POS == OUT

«
ID_LPSO: NOTFY Ds POS ==iN (ccordng sthdeam -
®znston) MC_LESD: HEALTH STATUS == NOK
o o
D_LPSD: NOTFY Dz POS == OUT (accordng wen VAC_LPSD: CMD FREEZE == TRUE

Beam destraton)

) NOTFY FULL SE AFTER 00ms

e
VACLP SO CMD FREEZE =e FALSE

P « BPICE_LPSO: CHD REARM == TRUE
)

and
VAC_LPSD: CAD FREEZE == FALSE
and

(
. 3 -

o
ID_LPSD: NOTIFY D2 P08 == OUT (3cCording wihbesm destnaton)
)

MOLPSD: Mh-nlmmm':-vnnm—-m—u
10_LPSID: NOTIY ©3 POS ==0UT (XCOMdng wih beam destnaten)
ToLPs: -l:;b-m
NOTITDLP50. 55 UG0S FOST MORTEN
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Current design

New design:
* Any ID downstream of beam destination can move (not defining if inserted or extracted)
* All IDs can move if beam mode is “no beam”

* Allows for addition of new machine sections while maintaining the integrity of existing
commissioned sections

 Freedom for operators except when the situation is dangerous (no movement allowed if beam
would be stopped)

e Simpler design with less undesired stops
* Easier commissioning, testing and machine restart

12



15t Example: Movement of Insertable Devices S

SOURCE

Summary

* Requirements given to the designers were too generic

* Design choices were not well communicated to the rest of the team

* Reviewing the design and going through use cases helped to identify what was really necessary
 New requirements (more clear and specific) helped in the new design

* Similar approach for RF, Vacuum, Magnets, etc.

13
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2"d Example: lon Source test mode
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2"d Example: lon Source test mode

SPALLATION

The lon Source at ESS SOURCE

The lon Source + LEBT was an in-kind from INFN

They build a local protection system and made tests both in
Catania and at ESS

e When working together with the next stages of the
accelerator (+ RFQ + MEBT + DTL), it will be connected to the
ESS Machine Protection Systems -> main actuator for MP

lon Source

HV Platform
H2 gas
Beam
Optical v Extraction
switch Fast .
q 1 Magnetron o W . Plasma EBT MEBT
Timing N > PS > shul}gic:wn »{Magnetror > chamber Chopper Chopper >
X A A
A 3. 4. 8. 5. 9.
1. 10.
X
- 1.
FBIS
—
7. ACCT

Switch T Inhibit/ Regular Beam Interlock
IS and 6. Switcl

HV Power
LFI’ELB(;F _?—> supply T Emergency Beam Interlock
A

status feedback

15
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No dedicated operation mode for IS tests

Inhibit:
. . . 1. TS
* Design efforts focused mainly on being able to remporarybeomstop |2 MEgneron P Trger
. . Normal operation allowed |4 LEBT Ch r
stop beam reliably and quickly 5 MEBT Chopper
(Automatic recovery)
* However, no option of operating with only the lon ,
If any of the below occur escalate to If any of the below occur the Inhibit shall be escalated to
Source was foreseen -> for tests use Faraday Cup Emergency Ineriock - | Reguiar meriock
« 7. HV ACCT indicates extraction « 8. LEBT Chopper not deflecting
to Stop the beam: « 9. MEBT Chopper not deflecting
: « 10. Magnetron trigger received
: » timeout
— More systems needed to operate -> tests would P
. - . Regular Interlock:
require agreement with different groups and systems 1 1S eton P Trger
(vacuum, FC motion control, cooling, MPSID, Bearm stop [+ LEBT Chopper
" 5. MEBT Chopper
electrodes PS, LEBT components, etc.) (Requres external rese
- |nsertI0n and eXtraCtlon Of FC WOUId take time iifi;a:g;ﬁtzﬂiissiﬁ:’e Iéanyofthelb?lolwccf(ccurescalateto
E mergency Interio
— lon source would get cold -> less stable + 7. HV ACCT indicates extraction

Emergency Interlock:
1

If any of the below occur the Test mode is
escalated to Emergency interlock: : .
lon's Test d . HV platform readout shows voltage g :‘:Asagnetron PS Trigger
on Source lest mode . . Lo . .
ACCT in HV cable indicates extraction 4 LEBT Chopper
5. MEBT Chopper
and

6. Interlock the HV PS

Restart, test and maintenance more difficult Requres external rese

HVPS interlocked

16



SOURCE

2"d Example: lon Source test mode &é‘ Sl

Summary

e Lack of operation requirements (and a solid operations team)
* Isolation of design teams made both teams take incorrect considerations

* However, MP team knowledge of lon Source and overall ESS accelerator operation helped in
identifying the problem

* New operation mode beneficial for operations, commissioning and for availability

17
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34 Example: Beam dump protection

18



3'd Example: Beam dump protection oo

SOURCE

Context

* Accelerator division responsible of accelerating structures and transport lines
* Target division responsible of Target and Beam dump

* Integrated Controls Division — Machine Protection in charge of protection of all of these systems

= 135221 MHz! T = 70442 MHzC—— Dogleg

«<2im=> €«46m> «40m> €38Im>»> €«59Im> <767 m—> <« |7B9m —

{ { { { {

G Dump Line >
75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV

19
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The issue

* Target and beam dump have the same "owner”- Protection of both systems was included in one

« Beam dump protection is quite simple system: Target protection system (MPSTrg)

 Made sense in order to reduce interfaces with groups (documentation, agreements, installation...)

 However, commissioning the accelerator with beam dump would require MPSTrg to be up and
running -> no tests, commissioning or start-up could be done in parallel with the target.

e Organizational structures and responsibilities didn’t match a design optimized for operations.

20
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3'd Example: Beam dump protection §‘ e

Result and conclusions

* The protection of the Dump is carried out by the protection of Insertable Devices (MPSID)
* Now, MPSID already takes care of all intermediate beam destinations (except target)

4

* New design with no interdependency between accelerator and target
* Easy tests, commissioning, restart, ramp-up, etc. -> higher availability

21
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Conclusions
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* Machine protection is very important for ESS (high damage potential)

* It has to be fast and reliable

e But it also has to be thought in conjunction with the whole machine

* Less problems for operations and commissioning if analyzed and reviewed during the design phase
* More trust on Machine Protection systems (operators not trying to find “alternative paths”)

 And all of this leads to higher availability

23



And... some pictures! %‘

| MPS-ID Crate
in FEB

MPS Racks in FEB

Connecting .
to Vacuum - N Fast Beam Interlock System




Thanks!



