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Introduction

Is a Roman pot a collimator?

... yes and no!
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A Roman pot is a collimator to the extend that:

Roman pot controls strategy oo

4

General operation approach (until 2007)

- It must respect the collimator hierarchy Movements under responsibility of the machine
- Can be very close to the beam (< 5 mm) D (OP: CCC app + setting management)

- It needs the same beam-based alignment
- Its interlocking strategy must respect the

Minimum allowed settings defined by
collimation project

standards by imposed by MP Try derive architecture from collimator controls

Since summer 2007, under request of OP GL (P. Collier):

1. Confirmed OP responsibility for movements, from CCC

2. Specified a common interface for the middle-ware
controls for a “transparent” operation from the CCC

3. HW commissioning and interlock validation clearly under
the responsibility of TOTEM + ATLAS (input+help from
collimation, MP and OP teams)

4. Critical limits under responsibility of Coll Team
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@AW Differences collimators / Roman pots (¢

€

Collimators Roman pots
Profile execution Functions + discrete Discrete
Interlock limits (t) Functions + discrete Discrete
Redundant limits Functions of* Addltlc)_ngl inner

energy and 3 limits

Connection to timing

Yes (HW trigger)

No (SW trigger)

Interlocked sensors

6 LVDTs for 4 axes

1 LVDT for 1 axis

Redundant sensors 4 resolvers /
Controls redundancy |2 PXI’s per 1-3 collimator| 1 PXI for 24 pots
Motor speed 2 mm/s 0.25 mm/s
Motion conditioned No Yes: only if Stable
by machine mode Beams and MDA
OVERRIDE KEY No Yes

Motor reset procedure ~ 1 per year 1 per fill!
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Differences collimators / Roman pots

€ €

Collimators Roman pots
Profile execution Functions + discrete Discrete
Interlock limits (t) Functions + disgrete Dicorata

Redundant limits

Functions of
energy and 3

OVERRIDE KEY allows
movements in all modes but
does NOT by-pass position

Connection to timing

Yes (HW triggq interlocks (beams dumped in [

Interlocked sensors

6 LVDTs for 4 a] all conditions if limits reached)

Redundant sensors 4 resolv - _ _ i
Controls redundancy |2 PXl’s per 1-3 A%?J&O?O?Lgiﬁizzg ;n;eccr;jrr:?”r{r;s: i
Motor speed 2 mm/§ VELO rely only on that!] i
Motion conditioned No SIS checks of orbit

by machine mode Beams and MDA
OVERRIDE KEY No Yes

Motor reset procedure ~ 1 per year 1 per fill!
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@AV Collimator operational cycle (&)
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Collimator operational cycle o6

2000 ¢

1000 |

Some numbers for 1 collimator:
4 motors + 6 LVDT
4 settings functions
24 limit functions
2 gap energy limits
4 gap beta* limits
... and we have 100 collimators
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Roman pot “operational cycle” (68

M d position (TOP
> 10h of stable beams elasure position ( )

Note that this was the only
case when TOTEM pots

Inner limits of TOP pot _ _
i were moved in standard fills.

| Stable beam,
MDA flags = 1

Measured position (BOTTOM)

Inner limits of BOTTOM pot

Pot positions and thresholds [mm)]

T T
13-0ct 10k 13-00 11h

Time[:mm]

0. Until stableBeams & MovableDevicesAllowed == TRUE, no movements:
Movement inhibit + operational limits compatible with OUT positions.

1. Motor RESET done as a first step, for each pot (in StableBeams mode)

2. Pre-defined discrete limits to allow movements are loaded to the HW

3. Pots are moved to physics settings (individually or all together)

Note that “redundant inner limits” remain unchanged all the time
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<) Roman pot reset procedure

Inner limit = 35 mm _ RESET procedure added for
>750(V),>2000 (H) | the 2011 operation, to remove

/ an issue with the feedback

— between motors and LVDTs:

Motor count is reset before
every fill to a reference
switch position.
Collimator: yearly calibration!

|
1
J
|

Measured position
(BOTTOM)

Quter limit

Pot positions and thresholds [mm]

Time [hh:mm]

- RESET = low-level procedure triggered from the CCC but entirely implemented below.
- For high intensity fills: done in StableBeams, before opening the positions thresholds
— Beam dump if pot moved closer to the beam than 35 mm!
- Can only be done only in stableBeams (or if the OVERRIDE key is TRUE)
- Could be easily put in sequences but it was done MANUALLY in 2011
— Manual check of positions is required, often the RESET fails and must be repeated
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@J Roman pot’s modes of operation (88
Three different modes of operation:

1. Dedicated low-intensity fills for Roman pot alignment

Safe total intensities, done to establish reference orbit data OVERRIDE = TRUE
Settings validated by complete loss map campaigns
Done in collaboration with the collimation team

PARKING LIMITS

2. Data taking during normal high intensity fills

Tasks required to move pots are in the nominal sequence:
freedom to move in the pre-defined safe boundaries OVERRIDE = FALSE

Movements done from the CCC with RP expert support OP-DEFINED LIMITS

NOMINAL CONFIG:

3. Special runs with low-intensity (ex. 90m optics)
Total intensity can be unsafe OVERRIDE = TRUE
Pots very close to the beam (< 5 sigmas), following
a beam-based alignment

Special interlock config for intensities agreed with MP
Done by TOTEM/ALFA + collimation team
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Example of special operation run (68

Charges

Beam current

MDA flag
FALSE

Redundant
limit

Indicative position of the beam

Pot positions/limits [mm]

Time [hh:mm]

1 .Without beam: OVERRIDE set TRUE; RESET executed

2. Updated operational settings with open limits to parking
Positions across the beam orbit allowed in principle

3. Redundant limits also opened accordingly

4 .Injection, ramp and squeeze with pots locked OUT,
open limits only when needed, in collision
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Procedures for high-intensity fills G

A. Fills with no Roman pot data taking: Procedures were

- OP loads before injection the OUT position limits followed without
- Outside stableBeams: movement inhibit + OUT positio| Problems. Until
- Within StableBeams: only OUT position limits prevent g~ Nov. 6th...

B. Fills WITH Roman pots data taking:

0. Agreement between physics and machine coordinators
1. OP loads before injection the OUT position limits
Outside StableBeams: movement inhibit + OUT position limits
2. A Roman pot expert goes to the CCC before data taking starts
3. In StableBeams the expert executes the RESET for all pots
This must be done with pots close to or on the out switches
» 4. The EIiC launches the sequence that loads the physics limits
This allows pot positions within safe operational boundaries
5. Position settings are loaded and SW triggers can be sent
All together or individually. Manual often preferred due to frequent hiccups
6. Pots are extracted by the expert at the end of the data taking or
upon start of beam dump / adjust handshakes

S. Redaelli, Special MPP, 02-12-2011 14




X

Definition of safe operation limits X

1.

Collimation team defines minimum operational settings that respect
the collimation hierarchy and MP constraints. Approved by MPP.
Settings expressed in unit sigma.

. One or more fills for the individual beam-based alignment of each

Roman pot are performed (Coll + TOTEM + ALFA)

. Settings in [mm] are calculated respecting (1)
. Settings are validated for StableBeams with loss maps + asyn dump
. Discrete limits and warnings are defined accordingly (e.g., 200-400 um

margin) and trimmed by Coll expert in the physics settings

. Redundant inner limits are trimmed in the same way
. Final values of settings + limits circulated to rMPP for checks/approval

(cc: TOTEM, ALFA, OP and Coll team).

Note: only 2 sets of settings available through OP sequences.
“Parking” limits are also available, well hidden in the controls

system - but redundant inner limits cannot be changed by OP
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0. Turn “override” key 2. Requested physics 5. Next movement request to
to enable movements settings for loss maps: pot 20mm moved pots towards the
outside stable beams moves with 1.2 mm offset beam. Stopped manually.

Position limits: dump and

Pot position (LVDT) /
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1. Open limits to physics | |3. Attempt to :ln E::;?Si:ﬁo?ligizg(ﬂ;‘ypm
tti I t iti move out failed .

settings (closest position 5mm, does not find the switch

allowed = 6.5mm > 170
) BUT reset motor counter
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XRPV.B6L5.B2: only bottom jaw moves although setting is accepted also for the top.
e op pot is moved manually.
Lol REA: Thcop [MD]

File App launcher Reset

»-147-F-H

»-147-N-H

»=220-F-H

3~ 220-N-H

56-147-F-H - >

ignal |

S6-147-N-H - > S56- -N-T/B -> Stop all

Comment
Problem with the middle-level Roman pot controls: "Time out when waiting for results" exception from lsa.client

26-220-F-H - > 956-220-F-T/B ~>

36-220-N-H -: 96-220-N-T/B - fhis was also observed with during a collimator test and needs follow-up from the controls experts.
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Conclusions %))

ol

™ Reviewed operational aspects of LHC Roman pots

Roman pot are ‘like” the collimators, but there are differences!
Operational procedures are well established.

™ Reduced redundancy — rely more on execution of
sequences and on procedures

Ex.: how to enforce revert of limits after special runs

@ RESET procedure is critical for pot operation

Can only be done manually so far. Not enforced, though.
Detalils discussed in previous contribution to this meeting

™ The “special” runs became the“standard” operation!

Required meticulous followup of interlock changes!
More difficult to have all the teams aware for these rare configurations

& Some controls reliability issue must be fixed
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@ Proposals by Ralph A. o6

Email by Ralph before the LMC when the incident was discussed

-) There is NO double protection: a jump or drift of the single LVDT position reading (we
had this at other times) would have completely screwed us up. In this case the LVDT was
right and we were protected. So there is protection based on a SINGLE measurement
which is not supposed to be 100% safe.

-) It is abnormal that pots sometimes move, sometimes not. Must be fixed.

-) The RESET procedure either does not do what people think (move to out stops,
reinitialize motor to known position) or it clearly failed when we applied it. Pot started
moving but stopped 20% of its way, still reinitializing. This caused the problem and
messed up the calibration, as you describe. :

-) The RESET procedure is not enforced after the override k And done only if the pot
enforced before use of RP's.

-) The RESET procedure is not protected against mis-use. We must eQforce that a
RESET is only done after being authorized by the machine to a particulakperson (for
collimators we do this via the piquet procedure).

-) The whole thing can be easily improved, for example by making a sanity check after
RESET (LVDT's versus motors - if more than ~0.3mm difference we should stop).

We must realize that RP's (2 LVDT's for 2 pots) have much less redundancy than
collimators (6 LVDT's plus 4 resolvers for 2 jaws). Also, they connect many more pots per
PXI than we do for collimators. For these reasons I find it important that we do not
compromise on the quality of the RP controls.

IS on the switch!!
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0. Turn “override” key 2. Requested physics 5. Next movement request to
to enable movements settings for loss maps: pot 20mm moved pots towards the
outside stable beams moves with 1.2 mm offset beam. Stopped manually.

Position limits: dump and

Pot position (LVDT) /
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1. Open limits to physics | |3. Attempt to :ln E::;?Si:ﬁo?ligizg(ﬂ;‘ypm
tti I t iti move out failed .

settings (closest position 5mm, does not find the switch

allowed = 6.5mm > 170
) BUT reset motor counter
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If the pot had not been stopped oG

D)

A

@ Automatic go-home request upon reaching (without
beam dump)

M Beam dump request upon reaching dump limits

™ Reminder 1: Interlocking strategy is based on LVDT reading only
(“real” jaw position if LVDT not affected by noise).

@ Reminder 2: New reset procedure on reference OUT positions added
this year to avoid accumulating offsets between LVDT and motors

@ Reminder 3: The machine protection functionality of each pot was

tested individually |
<http://elogbook.cern.ch/elLogbook/ q%;

elLogbook.jsp?shiftId=1033822>

Functional specification and validation

.‘.‘.To ect of the ALFA Interlock logic

Creared: 2742011 Page: 10415

ATL-UR-ER-0001 115407241 Modified 20/06/2011

Abstract:
This document provides the specifications of the ALFA beam Interiock and summarizes its validation performed from

February 1o April 2011 in two steps (test of the interiock logic for the 8 pots and test of the interlock logic over beam
modes)
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Observations of other pot

Pot did not move at
all at the first request
to physics settings.
Not affected by
problems that
appeared later.

Pot positions/settings [mm]

Time [hh:mm]
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@‘\‘ Summary of facts

@ Pots were moved without having performed the reset procedure.

M Some pots did not move when commands are sent and accepted.

™ Reset command launched with pot inside.

@ Low-level reset procedure did not realize that the pot was far
from the switch and reset the motor counter nevertheless.
This should not be done if the out switch is not active!

@ Movements towards the beam is a consequence of the mismatch
between motor counter and pot position.

™ In the present condition, the safety of the machine was not
compromised because the interlocks were active.
We can repeat a subset of machine protection tests in case of doubits.
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