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Introduction

The WIC system is a generic solution (originally)

designed for the protection of resistive magnets Sipeion a8
(WIc)

It is a PLC based system (Siemens) inia

It was first implemented in the SPS-LHC transfer lines, / - r——
the LEIR and the LHC in 2004-2005 profbus R

DB .
It is now deployed in the whole CERN accelerator I
C O m p I eX T l Remote test of interlock signals
T 1 E— 11

Thermo switches
Water flow switches

Several thermo
switches @ 60°C

- It collects inputs from thermo-switches, flow switches, internal PC

Beam Interlock
System (BIS)

| Power Converter(s) l

o=

faults

Magnet 1

- It provides Permits to the power converter and beam interlock -
system

Recently, we added inputs from other systems: PLCs, vacuum gages...
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The principle

In case of a magnet overheating, the WIC will:

1. Request a Beam Dump to the BIS (circular acc.) or Inhibit the next beam (transfer lines)

2. After a configurable delay (typically 1,2s), remove the “Power Permit” to the power converters

In case of a PC failure, the WIC will:
1. Request a Beam Dump to the BIS

This delay between the beam dump and removing the “Power Permit” was introduced to allow
a clean beam extraction before ramping down the magnets

The response time of the WIC is not an issue for the protection of resistive magnets

This delay is common to all circuits connected to a given WIC
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Extension to other equipment

Since 2016 (ELENA project), other types of equipment are protected by the WIC

This trend increased during LS2 No BIS connection
Machine Eg. type Machine Eg. type Eg. name Machine  Eq. type Eg. name
ELENA Septum (TE-ABT) PSB Septum (TE-ABT) BI.SMV10 PS Septum (TE-ABT) PE.SMH16
ELENA lon switch (TE-ABT) PSB Bumper (TE-ABT) BI.BSW PS Septum (TE-ABT) PE.SMH57

2
ELENA Electron Cooler (BE-BI) - PSB Septum (TE-ABT)  BE.SMH15L1 PS Septum (TE-ABT) PE.SMH61
ELENA Electrostatic o) PSB Septum (TE-ABT) BT1.SMV10 PS Bumper (TE-ABT) | PE.BSW57.61
Components (BE-APT)
PSB Septum (TE-ABT)  BT4.SMV10 PS Septum (TE-ABT) P1.SMH26
) PSB Septum (TE-ABT)  BT2.SMV20 PS Septum (TE-ABT) PI.SMH42
Machine Eq. type
Beam Beam |Identified as critical /
LHC Compensation Wires (high current density)

BE-BI
( ) Other cases ?
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Standardized interface for all Septa and Bumpers

WIC

Thermo-Switches . . Remove «User_Permit» to the BIS

o N
A

h

\ 4

Flow-Switches .

ﬁ;é” 12s _ Remove «Power permit» to PCs

\ 4

ABT’s control PLC

\ 4

The TS and FS signals are received directly from the tunnel and connected, in parallel, to:
« ABT’s control PLC
« The WIC

by means of safety relays

=> ABT’s control PLC is NOT introducing any extra delay.
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Special case of the PE.SMH57

Fast Interlock system

Hhermeo-Switches ., Remove «User_ Permit» to the BIS

\ 4

Flow-Switches

\ 4

25  Remove «Power permit» to PCs

»

ABT’s control PLC

\ 4

The Irms max of this septum is 5 kA when the power converter

can deliver 10 kA in continuous mode. 1.5 duty cycle

A dedicated “Fast Interlock system” was put in place (ABT) that L / L \
measures the voltage and the current to calculate its internal Tive >
temperature. PS duty cycle: 600ms plateau @ 10kA

It sends an interlock signal at the end of a pulse to avoid SMH57 THIN SEPTUM MAGNET FAST INTERLOCK SYSTEM

by Roger Barlow

switching off the PC during a pulse.
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https://edms.cern.ch/document/1134981

Special case of the PE.SMH57

@ Module Information - CPU 315F-2 DP el = |
Path:  [CFP_355 CIWPSAUX_v3-12\CFP_355 CIi  Operating mode of the CPU: > RUN
1 1 H - Status: OK No force job Bus Parameters |
Because of its high current density, the response time of the WIC IR N | IS —
1 Telot_init: [ 200 o Telot 00 thit
becomes an issue. e [ D o
Min Tsdr: [ 1= o Trdy 1 t_bit
. . Taet 1= thit Tid1 37 tbit
A general rule of thumb is to assume that the PLC could take as long ; ey =er TS
as twice the maximum cycle time to respond. But this assumption is —— T
not correct ! o — e N
- e mn amae (e =
_ [ pekit |
The response time of a PLC depends on 3 parameters: w ]| o]

=> ptw 117 and 131 ms
=> btw 5,8 and 28,1 ms

=> ptw 3to 5 ms

1. PLC cycle time

2. Profibus cycle time 1] PLC Task [0 |1 PLC Task

3. 1/0s sampling rate

(]

Bus Cy: :IeJ l Bus Cycle

DTmpd

Bus Cycle| |Bus Cycle

This gives a response time for the PS WIC : btw 140 ms and 340 ms

lBus Cycle‘ lBus Cycle‘

EEEEEERNEE

Bus Cycle

Adding the 1.2 s delay is problematic for TE-ABT

5 best case reaction ime o
Therefore, we made an exception in the PS and removed this delay o= mp:°’s‘°as°’°““°“""’° ;um
(worst case) (best case)

T wpa: Master Processing Delay
Tyo: Local I/0 Update Time

But this affects also all other circuits of the PS (next slide)
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List of power converters connected to the “PS_Aux” WIC

Bldg. 355
PR.RODN
PR.RDHZ05.0C
PR.RXNO

PR.RBGI84MAIN
PR.RBGI84TRIM
PR.RDHZ60.0C
PR.RBGI82MAIN
PR.RBGI82TRIM
PR.RDVTO02
PR.RDVTO04
PR.RDVTO8
PR.RDVT12
PR.RDVT20
PR.RDVT22
PR.RDVT24
PR.RDVT30
PR.RDVT34
PR.RDVT38
PR.RDVT44
PR.RDVT54
PR.RDVTG64
PR.RDVT70
PR.RDVT74
PR.RDVT76
PR.RDVTS80
PR.RDVTS88
PR.RDVT94
PR.RDVT98

Bldg. 365
PE.RBSW12
PE.RBSW14
PE.RBSW20
PE.RBSW22
PE.RBSW23
PE.RBSW57
PE.RQKE16
PI.RBSW26
PI.RBSW40
PIL.LRBSW41
PI.LRBSW42
PI.RBSW43
PI.RBSW44
PI.LRQLB
PR.RDHZ18.0C
PR.RONO39
PR.RONO55
PR.RQSE
PR.RQTRDB.A
PR.RQTRDB.B
PR.RQTRJ.TR.A
PR.RQTRJ.TR.B
PR.RXNO39
PR.RXNO55
PR.RXSE
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PI.RSMH26
PI.RSMH42

PE.RSMH57

PE.RBSW57
PE.RSMH61




Conclusions and discussion

The delay of 1.2 s between the beam dump and removing the “Power Permit” was
implemented by default for all WIC systems

 Even for installations with no BIS connection

Recently, this delay was removed for the WIC installation in the PS, on request of TE-ABT

 Remains the WIC reaction time (140 ms to 340 ms)... Is it acceptable for the PE.SMH57 ?
* |s it an issue for the other circuits connected to this same WIC ?

» If we switch off an “AUX” power converter during a pulse (which was the case before with a delay)?

It is technically feasible to set different values for each WIC (all machines) considering:
* Whether it's a circular machine or a transfer line
 If they protect any sensitive equipment (Ex: ELENA)
* Is there a need for this ?
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Thank you for your attention




Proton chain

Machine: Nb. of PLCs BIS connection
LHC 8 Yes
LHC-SPS transfer lines 4 Yes
SPS 7 Yes
TT10 1 Yes
PS-TT2 2 No
PSB ejection lines 1 Yes
PSB rings 4 Yes
PSB injection lines 1 Yes
Linac 4 + TL 2 Yes
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lon chain

Machine: Nb. Of PLCs BIS connection
Leir 1 No
Linac3 1 No
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Experimental areas

Machine: Nb. Of PLCs BIS connection
Hie-Isolde 2 No
Elena 1 No
Awake 1 Yes
East Area 1 No
HiRadMat 2 Yes
TT20 1 No
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Ttr

lTarget Rotation Time)

The target rotation time is the maximum length of time available for a token pass.
[Curing this time, all active nodes (DF-masters, etc.) are able to send once (token).
The difference between the target rotation time and the actual hold time of a node
determines the length of time remaining for the other active node (programming
device, additional DF masters, etc.) masters to send data frames.

Typical Ttr

The typical data cycle time is the average response time on the bus when all the
configured slaves are exchanging data with the DP master. None of the slaves
reports any diagnostic messages and there i1s no additional message frame
communication on the bus with programming devices or other active nodes, etc.

his time is for informational purposes only and is not transferred to the nodes.
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