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Introduction

Architecture of top-level collimator controls

(Eng. Spec. May 2006, to be published)

LHC Collimation
y Project

Beam tests 2006: focus on

Top-level . .
p :Ic_)?f;iluc_:ongj ____ B Single coIIimfator Slngle CO”ImatOr COﬂtI‘OL
Datalogging | | ALARM | ' - °‘T”"°'”f’””t discrete settings of absolute
N ingle collimator agn . .
control unit positions (not yet time-functions)
MCS | < ,| Collimator trim
aiing application
Single colimator ... a little part of the overall
LHC sequencer [ LSATRIM (MCS) architecture BUT crucial for
I the LHC!
- - - __: ..... Control Database
-ConSlStenCy: (Drive hardware)' e —— . 1
_ . checks _ | (LSA) Major role in the system
"""" ! I database] |database commissioning: collimation
tuning will rely on manual
CSS CSS CSS ] . .
T T I Middle- and beam-based alignment until

we gain experience and setup
automatic procedures

low-levels
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Requirements for single collimator control < *

Beam-based alignment with BLM's

Collimator jaws

Nominal trajectory ~Closed orbit
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Requirements for single collimator control < *

Beam-based alignment with BLM's

Dedicated beam
Collimator jaws loss monitors

A

\ / —

Nominal trajectory ~Closed orbit
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Requirements for single collimator control

Chamonix05

Beam-based alignment with BLM's ° S |

T 4] — ——— Right jaw

Dedicated beam % . Beam centre = +1.02 mm |

Collimator jaws loss monitors §O

- i : |
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Nominal trajectory ~Closed orbit | - | ‘ 1uL lU[& dek.__
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Requirements for single collimator control

Chamonix05

Beam-based alignment with BLM's ° S |
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Basic requirements for the beam-based alignment:
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Requirements for single collimator control »\

_ _ A Chamonix05
Beam-based alignment with BLM's B |
T 4] — ——— Right jaw
Dedicated beam % 2 Beam centre = +1.02 mm |
Collimator jaws loss monitors = N
E -t Left jaw |
£ oftiaw
A L T/f—r _-
\ / """""" SRR
. 6l
- - Closed orbit - l “' u
Nominal trajectory 1 . “LLl_‘lu Nk L_ . ‘l I —
0.0 0.2 04 0.6 0.8
Time [ hour ]

Basic requirements for the beam-based alignment:
-On-line monitoring of collimator jaw positions / gaps (~ 1 Hz)
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Requirements for single collimator control

Chamonix05

Beam-based alignment with BLM’s | |
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Basic requirements for the beam-based alignment:
-On-line monitoring of collimator jaw positions / gaps (~ 1 Hz)
-On-line monitoring of the dedicated BLM'’s close to the collimator (~ 1 Hz)
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Requirements for single collimator control

Chamonix05

Beam-based alignment with BLM’s | |

T 4f — ——— Right jaw

Dedicated beam % 2 Beam centre = +1.02 mm |

Collimator jaws loss monitors 2 **************************************
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Basic requirements for the beam-based alignment:

-On-line monitoring of collimator jaw positions / gaps (~ 1 Hz)

-On-line monitoring of the dedicated BLM'’s close to the collimator (~ 1 Hz)
- Monitor the switch status (10 per collimator)
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Requirements for single collimator control

Chamonix05

Beam-based alignment with BLM’s | |

T 4f — ——— Right jaw

Dedicated beam % 2 Beam centre = +1.02 mm |

Collimator jaws loss monitors 2 **************************************
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Basic requirements for the beam-based alignment:

-On-line monitoring of collimator jaw positions / gaps (~ 1 Hz)

-On-line monitoring of the dedicated BLM'’s close to the collimator (~ 1 Hz)
- Monitor the switch status (10 per collimator)

- Efficient tool to send settings, various coordinate systems (single corners,average, angles)
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Requirements for single collimator control

Chamonix05

Beam-based alignment with BLM’s | |

T 4f — ——— Right jaw

Dedicated beam % 2 Beam centre = +1.02 mm |

Collimator jaws loss monitors § g
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00 02 04 06 0.8

Time [ hour ]

Basic requirements for the beam-based alignment:

-On-line monitoring of collimator jaw positions / gaps (~ 1 Hz)

-On-line monitoring of the dedicated BLM'’s close to the collimator (~ 1 Hz)

- Monitor the switch status (10 per collimator)

- Efficient tool to send settings, various coordinate systems (single corners,average, angles)
- Flexibility of plotting tools (lin/log axes, choose BLM, choose left/right jaw, adjust calibrations, ...)
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Collimator software GUI ;

Setting panel
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| Cancel last | — ]
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= 1 '
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Left ANGLE [mrad]: 0.0 |Jaw posjang ¥ | 7 i 'ﬁ l\ 1|4
= ||
. = i Ll ! Hk. e,
v Repeat S | times E 1.0E6 3 | 'J ™ /\. !'"-"%15
" . 00 = = ] = ™ -l""""q'\ Frams™
Right ANGLE [mrad] every| o |sec i [ { At Ao
Tremad b0, ,f"'*' W -
Repeat option finished - 5/5 executed. -
Left Jaw Qur-n . Qur-our @ ow-n D pow-our 1.0E5 - - - - - - - .
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N
. i =100
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Display jaw: |» Left Jaw (dashedy |v| Right jaw (solid) ; -2.00 \ \
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———— LHC Collimation

Setting panel

ARt e B — Different coordinate systems
Jaw comers | Positions/Angles | Increment | (single corners, average + angle)
Set increments of jaw positions fangles A” COnverSiOI’]S done at top_
Re—— o025 o1 | Ieve_l -> coherent set of
| settings to the lower levels
Cancellast | (fully compatible with LSA TRIM!)
Right POSIT [mm]: ‘ ﬂ.r:‘
Stop alll '
Left ANGLE [mrad]: U.c‘ Jaw posjang ¥
v| Repeat |T| times
Right AMGLE [mrad]: ﬂ.C‘ E'I.-'Er‘ﬁ.f. s |sec
Repeat option finished - 8/ 8 executed.

"Repeat” functionality, “cancel

last”, “stop”: efficient control
during routine operation
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Detailed sensor readout panel
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Status of 10 switches
always monitors (1 Hz)

Readout of 14 sensors (4
motors, 4 resolvers, 6
LVDT's) and calculation of
gaps, average positions,
angles, ... for all of them



On-line display
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On-line display
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On-line display

This is like in the off-line
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Additional features
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Additional features

LHC Collimation
Project

[Bviews | [0 Hl| m 88| |18 More |05
Fast BELM 1 [01711/06 02:54:34] oo e e Ef' N
21~
2ES -
1.5E5 -
(¥4
ad
e I
[Fa]
= I
S 1E5- '
al L
'
1
aL 1
| !
SE4 “
I
!
§
{. |
DED- - e N
| | | | | | | l||.
0 10 20 30 40 50 60 70 -
Time [ ms | 1
| | | | | | 1 1
1*:36 1x37 1*38 1x:39 1x40 1x41 1x42 1X43
time [hh:mm:ss]
vl Left-DW 1 [_] Left-DW 2 [v] Right-DW 1 ] Right- D 2 [v¥] Left-UP 1 [] Left-UP 2 [v] Right-UP 1 ] Right-1pP 2 [ | Water

SR, Coll Controls Rev. 18/12/2006



LHC application: SPS implementation

SR, Coll Controls Rev. 18/12/2006

LHC Collimation
4 Project

Display info,
help, history

User Interface

Setting BLM
Panel on-line

Transient BLM
plot tool

Single motor
plot tool

Readout Jaw posit.
Panel on-line

Temperature
plot tool
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LHC application: SPS implementation
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LHC application: SPS implementation

LHC Collimation
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User Interface olot tool
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System (CSS)

(from post-mortem)

(for logging)

survey
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Final LHC implementation

Display info,
help, history
User Interface
Single motor
Setting BLM plot tool
Panel on-line
Readout Jaw posit. Temperature
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Collimator Control Software
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’| Collimator sion engine .
) Machine
) Protection
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TRIM '
) 1.2 Hz BL data
(for logging)
Collimator Supervisory
System (CSS)
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Final LHC implementation

Display info,
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data saving Single motor
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Rely of LSA features (DB, Panel on-line
optics, beam info, ...)
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Machine prOteCthn! Panel on-line plot tool
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Final LHC implementation

Display info,
Slimmer implementation help, history
Collectlo_n of less data, no User Interface |
data saving Single motor
Setting BLM plot tool
Rely of LSA features (DB, Panel on-line
optics, beam info, ...)
: _ Readout Jaw posit. Temperature
Machine protection! Panel on-line plot tool
Use LSA-TRIM!
Collimator Control Software
LSA database | Local Setting conver-
’| Collimator sion engine .
) Machine
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Machine context R Local Data acquisi-
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(for logging)
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Interface to the LSA TRIM

SPS test 2006
Collimator e LSATRIM — control FESA devices at the LHC
Control
* It provides: traceability (setting history),
----------- J T - {' - function generation/editing within machine

SN
Collimator Supervisory contexts, MCS functionalities!

System (CSS)

e Collimator control through TRIM was setup !

* All the required infrastructure links were setup:

LSA database, setting generation, drive-hardware, ...
Thanks: D. Jacquet, M. Lamont, L. Normann. J. Wenninger

* Next step: call TRIM within our application
(TRIM-CLIENT). Basically there but not yet tested

e Our setting philosophy compatible with TRIM:

4 absolute positions, conversions done at top level

* Potential issue of response time?

SR, Coll Controls Rev. 18/12/2006 12



Interface to the LSA TRIM

SPS test 2006

Collimator
Control

Collimator Supervisory
System (CSS)

LHC implementation

Collimator
Control

Collimator Supervisory
System (CSS)
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e | SATRIM — control FESA devices at the LHC

* |t provides: traceability (setting history),
function generation/editing within machine
contexts, MCS functionalities!

e Collimator control through TRIM was setup !

* All the required infrastructure links were setup:

LSA database, setting generation, drive-hardware, ...
Thanks: D. Jacquet, M. Lamont, L. Normann. J. Wenninger

* Next step: call TRIM within our application
(TRIM-CLIENT). Basically there but not yet tested

e Our setting philosophy compatible with TRIM:

4 absolute positions, conversions done at top level

* Potential issue of response time?
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LHC Collimation

Y S P hot of LSA TRIM with 11 L tt
CERN
=] Trim Editor v2.15.1b - | =
' SP5
Supercycles ParticleTransler ;i Parameter selection - SPSRING
FT-3CNGS_TESTER dresident) | | ePSRING - System CSSInterface.SPS. TEST/ RequiredAbsolutePositi Field
FT-MDLHC_L14400_V1 (resident - | DAMPER_PHASE = left_downstream
LHC25.92-450_L28B00_TESTER {resider Cycle | Beam Process EXTR OCTUPOLES lefL_upstream
FASTLUHC _FTS00_LE400_WE FASTLHC_FTS00_L8400 (- =840 GEMERATIOM f right_downstream
FASTLHC L5546 _L16800n] LATTICE MEASUREMENT Fight_upstream
FT-3CNGS-MD Y1 LHC COLLIMATORS
FT-2CMCS_SMSTESTER MOMENTURM
FT-3CNCS_HWTEST OCTUPOLES
FT-3CHGCS V] RF-Hadron 200
FT-CHC5-MD_L2 1600 _v2 - RF-Hadron800 1 k|
Pl b Select All RF-10NS - Hide Field(s)

. Abort Trim

l Cancel Last Trim

r—
Eﬁ Trim History

2 Send to HW

Trim Expert Params

No setting available !

Timebase:

SC = Cycle

Console

14:20:59 - Sorry, could not find amy nan null setting

14:30058 - Sarry, Could not fing ahy non aull setting
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Snapshot of LSA TRIM with collimator settings
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FT-3CNGS_TESTER (resident) _' | SPSRING w | System C55Interface.SPS. TEST/ RequiredAbsolute Positi Field
FT-MDLHC_L14400_v1 {residents ; DAMPER_PHASE 1= lefi_downstream |
LHC25.92-450_L28800_TESTER (residenf BNELS L1 | Eeam Process | EXTR OCTUPOLES | lefi_upsiream
FASTLHC _FTS00_LB400_ V& FASTLHC_FTSOD_L&400 (- =840 | GEMERATIOM right_downstream
FASTLHC L5546 _L16800n1 LATTICE MEASUREMENT Fight_upstream
FT-ZCHCS-MD V1 LHC COLLIMATORS :
FT-2CMCS_SMSTESTER MOMENTURM s
FT-ICHCS_HWTEST OCTUPOLES
FT-3CMCS V1 RF-Hadron200
FT-CNGS-MD_L2 1600 Y2 = | | RF-Hadron800 Tl @l ]
i v, | | Select All RF-10N5 - Hide Fields)

ParticleTransfer : Parameter selection - SPSRING

SPSRING - || | _ System CSSInterface.SPS. TEST/ RequiredAbsalutePositi Field
DAMPER_PHASE I~ lefi_downstream

. Cycle | Beam Process | EXTR OCTUPOLES lefL_upstream

FASTLHC_FTS00_L8400 - =840M | GEMERATION right_downstream

Select All

| Console |
i14 20:59 - Sorry, could i find army non null $eting

LATTICE MEASUREMEMNT
LHC COLLIMATORS
MOMEM T UM
OCTUPOLES
RF-Hadron200
RF-Hadron&00

RF-10MS

1

|

Timebase:

JSC ® Cyrle

right_upstream

Hide Field(s)

B R

IEJ.'_’J'{:'.'E.‘? - Sorry, Could not fing aay non aull setting
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Snapshot of LSA TRIM with collimator settings

LHC Collimation
Project

CERN
[=] Trim Editor v2.15.1b B
| [osn]e]
Supercycles ParticleTransrer 4 Parameter selection - SPSRING
FT-3CNGS_TESTER resident) | SPSRING - System CSSInterfare.SPS. TEST/ RequiredAbsolutePositi Field
FT-MDLHC_L14400_V1 (esident Z DAMPER_PHASE = lefi_downstream
LHC25.92-450_L28800_TESTER (residen|s |____C':rl:l_e__| Eeam Process | EXTR OCTUPDLES [ lef_upstream
FASTLUHC _FTS00_LE400_WE [ [FASTLHC_FTS00_L&400 - >8400) GEMERATIOM — right_downstream
FASTLHE L5546 L1680 | LATTICE MEASUREMENT right_upstream
FT-ICHCS-MD _¥1 LHC COLLIMATORS &
FT=3CMNGS_SMSTESTER MO MEMTUR et
FT-ZCMNCS_HWTEST OCTUPDLES
FT-3CNGS V1 RF-Hadron 200
FT-CNCS-MD_L2 1600 Y2 = RF-Hadron800 B ; ] | v
e Y] Select All RF-10NS - Hide Fieldds)
ParticleTransrler j Parameter selection - SPSRING
- | - )
SPSRING - | System CSSinterface.5PS. TEST/ RequiredAbsolutePositi Field
. DAMPER_PHASE lefi_downstream

| Cydle | Beam Process |

FASTLHC_FTS00_L8400 (- >8400)

EXTR OCTUPOLES

1| IGENERATIONMN

LATTICE MEASUREMEMNT

LHC COLLIMATORS
PACOMEMN TLIR

QCTUPOLES
RF-Hadron200

RF-Hadron800

Select All

RF-10MS

A EEEET

As It Is now, the (discrete) TRIM interface
IS NOT adequate for the collimator control! =

lefl_upstream
right_downstream
Fighi_upstream

el ']
Hide Field(s)

® Cycle

| Conso
14:20:5:
hd
14058 - Sy, Couwld not Find any non il sering | I |
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Overview of my talk

1. Introduction

2. Implementation of LHC software
3. Control through the LSA TRIM
4. Performance study

5. Conclusions
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Reminder on collimator hardware

4 )
Beam axis Downstream
side
L-D R-D
I
|
|
= L3
S, : -
= ! L
) | D
I
Sb
=)
€ I Upstream
\_ Y,
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LHC Collimation
v Project

« 4 LEP stepping motors, one per jaw corner

4 resolvers count the motor steps

* 4 potentiometers measure the actual jaw position
« 2 LVDT’s provide direct gap measurements

» 10 switches prevent breaking the mechanics

« Switch positions are our absolute reference

15
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Downstream
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Reminder on collimator hardware

« 4 LEP stepping motors, one per jaw corner

LHC Collimation
v Project




Motors lost knowledge of absolute position <

'300 || I | I| | |l |||| I ‘ I ‘ I | I | | I
301 Motor estimate of | | | |
- switch position
302 [
= -30.3 _
S 304 LN
(%) B : : —— n G0 m— : : ‘ %‘
:'%:) B | | | -l | | | Nl
2 306\ e
= - | | | Resolver measurement-
S30.8 N
_310 ] | | | | | | | | | | | | | | | | | |
13.5 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5
Time[h]
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LHC Collimation
» Project

 Known to be a potential issue
with LEP stepping motors.

The count of motor steps does not provide
direct jaw measurements - errors add up!

e Total error up to hundreds of
microns

e This caused problems during
the MD: demanded settings
were not up to date!

e SPS data can be corrected
off-line for detailed studies
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i Motors
0.4F Resolvers

0.1F

Motor errors [ mm ]

o

-0.1F

-0.2
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Motors lost knowledge of absolute position <

LHC Collimation
» Project

 Known to be a potential issue
with LEP stepping motors.

The count of motor steps does not provide
direct jaw measurements - errors add up!

e Total error up to hundreds of
microns

e This caused problems during
the MD: demanded settings
were not up to date!

e SPS data can be corrected
off-line for detailed studies

16



Motors | | 1 ¢ Known to be a potential issue

0.43— Resolvers - with LEP stepping motors.

i | | | . The count of motor steps does not provide
03F - - - L L AU . direct jaw measurements - errors add up!

e Total error up to hundreds of
microns

e This caused problems during
the MD: demanded settings
were not up to date!

e SPS data can be corrected
off-line for detailed studies

0.1F

o

-0.1F

-0.2¢

Solutions for the LHC are implemented:

- New motors are much better! (proven by TT40 test, see Roberto’s talk)

- Precise position sensors will detect the error. Do not rely on switch positions
- In the software: implement the feature of “update motor settings”

SR, Coll Controls Rev. 18/12/2006 16



LHC Collimation
ia.  Proje

Switch performance

Motor measurement
o Anticollision switch ON

[ Reach the anti-collision switch
" (minimum gap ~ 900 um)

Jaw position [ mm ]

I\/Iove out
of the SWI'_[Ch

0.5
305 3055 30.6 3065 307 3075 30.8 3085
Time [ h]

Measurements only possible
thanks to the new controls! We
did not see that feature in 2004!

SR, Coll Controls Rev. 18/12/2006



LHC Collimation
N Project

24

N|

Time delays between acquisitions

||||| 7y T T 1
i | voor LU 11~ We measured delays of
201 —Resolver LU/ ~1s delay between
Difference |/

different sensors!

—h
&)
N

1sat2mm/s: A =2mm

LHC tolerance: 20 pm

—
o
I N

Time shift changes in time!

Not a big issue for the BB
alignment on-line.

Motor/resolver readouts [ mm ]

&)
I .

I ; , 1 Source of these delays
o S Y & 71 needs to be understood!
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LHC Collimation
y Proje:

Time delays between acquisitions “

|||||||||||||| 7y T T 1
i voor LU 11~ We measured delays of
o I S |7 ResoverLU'| /' ~1s delay between
Difference |/

different sensors!

—h
&)
N

1sat2mm/s: A =2mm

LHC tolerance: 20 pm

—
o
I N

Time shift changes in time!

Not a big issue for the BB
alignment on-line.

Motor/resolver readouts [ mm ]

&)
I .

I ; , 1 Source of these delays
o S Y & 71 needs to be understood!

Time [h]

Solution for the LHC:
- Time-stamp the data at the low-level!

SR, Coll Controls Rev. 18/12/2006 18



Delay between consecutive acquisitions 4‘

1. | IESR 81| (W [ o

At[s]

0.8/ M|

06 -
0.4 oo

0.2~ i

R e A |

......

-

D I facq ?..2..'.‘_'_2__ _fQ_r_M_Dl_ (31/ _1_0_/_2_00_5)_____.____ﬁ ______ i

T I A s p——— I——

_0-2IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|III

0 5
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10
Time [ h

]

15

20

LHC Collimation
\ Project

During the MD, the
Dosition measurements
published by the middle-
evel showed time shifts

with respect to the
nominal facq

We found a correlation
with the frequency of

setting requests (work
load of middle level)!
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Statistics of time delays

facq =2 Hz (Set) facq =1Hz (7)

SR, Coll Controls Rev. 18/12/2006 20
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Statistics of time delays

facq =2 Hz (Set) facq =1Hz (7)

: : NO Significant impaCt

L .......... .......... ........... ........... ........... O nthe On'llne dlsplay

10 ___— for BB alignment

:ﬁﬁﬁﬁfﬁﬁﬁ?ﬁfﬁﬁﬁﬁﬁff;ﬁﬁffﬁﬁﬁﬁ;fﬁﬁﬁﬁﬁﬁﬁfﬁ;ﬁﬁﬁﬁfﬁﬁﬁf%ﬁﬁ'ﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁffﬁﬁﬁfﬁéiﬁﬁﬁﬁfﬁﬁﬁﬁéfﬁfﬁffﬁ: Need to be imprOVed

detailed off-line
- ;55555555z;zzzzzzzzzzgzzzzzzzzzzgzzzzzzzzzzgzzzzzzzzzzﬁ- """ Undesrred'd'eilay'szzzzzzzz studies at the LHC!!

|
|
|
|
|
i il
(el |
|
|
\
|
\
|
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Time delays for BLM acquisition

100 T T T T T
o Good dataset: | .
®PeakatDt=12s | }
FO[ o -
A S I ;
z - .
40_— R EEEEEEEEEEE LTI -
S )
N I )
ey )
% T T E— 2
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Time delays for BLM acquisition

100

goi{aood data set:
O Peak atDt=1.2 s

70
60—
z 30—
40
I 2006-11-08-11-49
30_ o 1600 T T T T | T T T T | T T T T | T T T T
201 Bad data set:
i 1400— BARRRERES B - B m
o Time corrupted
i 1200— B B ' - h B T
0
X !
1000— _|
Z 800 .
600— ]
400 .
200— ]
0 | | | j I S o | | | | | | | | | | | | | 1 | |
-40 20 20 40 60 80
At[s]
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100 S

o Good dataset: | :
“'PeakatDt=12s |
(0] T TE ST PR TIRTEETT] IREHRTPRTES NIRRT
60_— T e e
Z 50_— e e e
40_— SR oy
a0l o S
o
o
% T T R

Problem under
Investigation with
BLM team . ..
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Time delays for BLM acquisition

1600 ———

LHC Collimation
y Project

2006-11-08-11-49

14001~
1200~
1000_— :
Zz 800
600
400

200

| | ) I S

- Bad dataset:

~ Time corrupted

-20

20 40 60 80
At[s]
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Conclusions

A SPS beam tests provided important validation of our critical
choices for the collimator top-level control
First successful implementation within FESA/LSA environments

[4 Single collimator control basically ready for the LHC

[ Collimator control through the LSA-TRIM also tested.
Further investigations of its performance are required

[4 We collected a significant amount of useful data

A What we have learnt:

Performance limitations of top level - under investigation
Synchronization/timing can be an issue, mainly for off-line analyses

[4 The hardware of SPS prototype not good enough for LHC

Motor settings lost accuracy and we could not easily detect it

A Setup a test bench with final hardware for systematic
performance checks within final controls environment

SR, Coll Controls Rev. 18/12/2006 22




Delay between consecutive acquisitions < Q
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Delay between consecutive acquisitions
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Delay between consecutive acquisitions <

SR, Cc

At[s]

Demanded settings [ mm |

1.8

1.6

1

os M JH
D6 ousseuses I
) aee—— S

o2}
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o
o b
20F A
-30|-

-40

%0

30 - — . . _ . : . ,,1 . R . ,Qk T I N Y 4 :_%m 4+ R nA
&%

o p

0] 5 10 15

20

Different time response is
iInduced by the work-load on
the low level to process the
demanded positions!
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Delay between consecutive acquisitions v

SR, Cc

At[s]

Demanded settings [ mm |
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Different time response is
iInduced by the work-load on
the low level to process the
demanded positions!
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Time issues
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