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The Problem with Very Small Steps

Despite all the tests after the winter activities, one detail was missed:

Movement steps < 30 um not correctly executed
[although steps > 30 um perfect within system precision of 5 um]

imeseries Chart between 2012-04-01 03:31:52.584 and 2012-04-01 13:31:52.584 (LOCAL_TIME)
- 5_LVDT_LU —— XRPH.BELS. B2MEAS_MOTOR_LU ¥RPH.BELS.B2:MEAS_RESOLVER_LU —— ¥RPH.BELS.B2:SET_LU

Requested: sequence of 20 um movements

Settings:
20 um

System followed the settings on average,
but individual steps were wrong.
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Explanation

RPCS PXI Structure

3 K

Lt

CCC, DCS and RPCS, RS485 communication with motor
drives

A real time controller to ensure DIM communication betwee\

FPGAs Card to control
step motors
calculate RP’s position
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Explanation

| Step Movements < 6 steps

FPGA Card -- Step generation loop

PXI CPU - DIM command Loop
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Step Generation

== Reduce the activation time of the trigger to 15 ms

1

Trigger




System Test after Error Correction

nepr-e

TOTEM:
See LHC COLL elog: https://ab-dep-op-elogbook.web.cern.ch/ab-dep-op-elogbook/elogbook/secure/eLogbook.php?shiftld=1043504

For all 24 RPs the following movements were executed (minimum set):
*Big step towards the beam (typically 40 mm to 5 mm): arrival precision <5 um

*Series of incremental movements (mostly manual increments, some BBA tests):
* 200 pum

* 7100 pum

* 50 um

* 30 um

* 20 um

* 10 um

* some tests with 5 um = system precision limit ~ motor step size =» rounding effects
=>No malfunctions observed

no deviations > 5 um

At the end: Re-verification of position interlock functionality by dumping on the inner limit for 6 RPs

(1 Top, 1 Bottom, 1 Horizontal on each beam)



30 um,
50 pum,
100 pm,
200 um

TOTEM: Test Examples

£ LHC Collimator Control Application - Semi-Automatic Set-up V1 (Device: XRPV.A6L5.B2/45-220-N-T/B)

File Settings Reset More displays Help

Jaw corners | Increment | BEA |

Set increments of single jaw corners

TOP (LUy [um] ‘ -200 Apply !
Stop alll

Repeat ,Ztimes
every | 7 SEC

EOTTOM RU) [um] 0

Repeat option finished - 2,2 executed.

TOP (LU) @ ur-in - @ ur-out
BOTTOM R.. @ ur-in @ ur-out
Anti COLL Q ur

Positions readout from the low-level

Left UP 3.701

Right UP  -4.999 Centre UF -D.649

Display jaw: TOP AW [ JEOTTOM RU

Positions: Set [|LvDT [] [JLim []Res Motor
BLM: ELM1 [JBELM2 [JELM3 [JELM4 []Logy
Int. Time: 1.31s [1655ms [ ]81.9ms []10.2ms

. 2V Y

time [hh:mm:ss]

B
| @VieW5J| | | | | More vll @I@
: 'jaw positions [26/04/12 16:42:04]
5.00
4.80
5x 30 um
-
i
4,60 o e
g 4 x 50 pm
JUR S
£ [ 2 X
w 4.40 1.‘.....,l
=
s - 100 pum
i
2 i e
H \ 2 X
4.20 "1""'7
[
1200 pm
[
S e
Iy
4,00 :;
[
Iy
B
|
|
3.80 |
't
h-lLlll-Il-
163940 1640:00 164020  1640:40  1641:00 164120 164140  16:42:00

{ Console |

14:13:04 - Start set-up for update of motor positions to LVDT readings

14:13:06 - Done!

||?4.‘?0.‘35 - Regady.

Mario Deile — p. 7




TOTEM: Test Examples

5 LHC Collimator Control Application - Semi-Automatic Set-up V1 (Device: XRPV.A6L5.B2/45-220-N-T/B) EEE

20 !lm File Settings Reset More displays Help

Jaw corners | Increment | BBA |
Set increments of single jaw corners :
TOP L [um] ‘ -20 Apply ! 2007
|
BOTTOM ®U) [um] 0 [aw edges  |~+] |

[v] Repeat | 10 | times 4.90 l.."_.._,r‘

every | 7 SeC ey

Bviews | B2 [m] == G| C1/EE] more (&S]

! 'Jaw positions [26/04/12 16:3%:30]

SRS

i
Repeat option finished - 10,10 executed. ‘_\“__‘
|
— L
£ i
£ 4.85- b
TOP LWy @ uver-n @ up-out - |‘l
s
BOTTOM R.. @ uP-IN & uP-ouT S Hangs
7 [
Anti COLL Qe = - .
E 4.80 “T Settlng

Positions readout from the low-level L:.*.:.:.

= LeftUP  4.651 sy
: | L}
aw eages T~ | ar e
5 |

: [+
Right UP -4.999 Centre UF -0.174 ||
: l-.ﬂll'-ﬂi
4.70+ H
| Motor aal
. . : Il
Display jaw: [v| TOP @b [ |BOTTOM (RL) : R
: Iy
Positions: Set [ |LVDT [ [ILitm []Res Motor amA [F—
BLM: BLM1 [|BLIM2 [JBLM3 [|BLM4 []LogY

T T T T T T T
16:37:20 16:37:40 16:38:00 16:38:20 16:38:40 16:39:00 16:39:20

Int. Time: 1.31s []655ms []81.9ms []10.2ms time [hh:mm:ss]

Console |

14:13:04 - Start set-up for update of wotor positions to LVDT readings
14:13:06 - Done!
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TOTEM: Test Examples

& LHC Collimator Control Application - Semi-Automatic Set-up V1 (Device: XRPV.A6L5.B2/45-220-N-T/B) [=]a]x]

10 !lIII File Settings Reset More displays Help

Jaw corners | Increment | BBA |
Set increments of single jaw corners _
TOP LU (um | 0] [ aeeyr | 5.00-
BOTTOM ®U) [um] 0 [aw edges  |~+]

[v] Repeat | 10| times

every | 7 SeC

o

Rviews | (B | m] === 5]

'Jaw positions [26/04/12 16:37:54]

More vII =Y

4,95 *
Repeat option finished - 10,10 executed. |l
]tu- I
E 7
E b
TOP (LU @ ue-n @ uvr-out - -
s
=]
BOTTOM ®.. @ up-in @ up-out & |‘|
wi
o Jn—
Anti COLL Q up ; T
I
. ™
Positions readout from the low-level - “'""‘n

Left UP  4.849 4.90 o
= ]
e - | !

. -
5 i i
Right UP -4.999 Centre UF -0.075% -i.m'h Settl ng
: "
bn ' — T
I
Iy
Display jaw: TOP Wy [ BEOTTOM (RL) ";:.-.-?I
: {
Positions: Set [ |LVDT [ [ILitm []Res Motor 4.85- M Otor ) Sy

BLM: BIM1 [JBLM2 []BELM3 []BLM4 []LogY

T T T T T T
16:35:40 16:36:00 16:36:20 16:36:40 16:37:00 16:37:20 16:37:40

Int. Time: 1.31s []655ms []81.9ms []10.2ms time [hh:mm:ss]

Console |

14:13:04 - Start set-up for update of wotor positions to LVDT readings
14:13:06 - Done!
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ALFA Test Example

CE— 24/4/2012, 12:04 - Test repeatability of small steps: example 10 um S
Jaw corners | Increment | BBA | : [ views | |[m] =]Es] | More _|
é'Beam loss data [2<4/04712 12:06:12] :
Set increments of single jaw corners 2
g 3.3E-7
TOP LUy [um] | o] L Appyt | 3.2E-7
= i
BEOTTOM RU) [um] E 2.0E-7
v
& 2.8E-7
Regfeat | 10 | times =
o E 2.7E-7
(==}
Repeat option finished - 10/10 executed. 2. 6E-7 -
2.5E-F
TOP W & v & ur-ouT 2A(=79 . . | | | | |
12:04:00 12:04:20 12:04:40 12:05:00 12:05:20 12:05:40 12:06:00
EOTTOM .. @ up-in & ur-out
Jaw positions [24704/12 12:06:11] :
Anti COLL @ ur _30.85
Positions readout from the low-level o ——
[1aw edges [~] £ -20.00-
£
Right UPF -29.856 Centre UP 257 E
=
Wi
=]
=
E -20.95
N e
Display jaw: [ | TOP LW EOTTOM (RLD
Positions: []Set LvDT [ [JLim []Res Motor
BLM: BELM1 [ |BELM 2 [ JBELM 3 [ |BELM4 [ |LogY =E05 I I | | | | |
3 12:0<4:00 12:04:20 12:04:40 12:05:00 12:05:20 12:05:40 12:06:00
Int. Time: 1.31s [ ]655ms [ |81.9ms [ |10.2ms : time [hh:mm:ss]
1/ Console |
T T T C TR T T S T ST T T e S e T T e T S T ST T e T e S TR L T T e S T T T = e T =717 =
at java. awt EventDispatchThread. pumpEvents{EventDispatchThread. java: 169) —{
at jawa awt EventDispatchThread. pumpEvents(EvemDispatchThread. java: 16 1)
at java. awt EventDispatchThread. runiEventDispatchThread. java: 122) =]
11-36:24 - Ready.




Commissioning of the LVDT Bypass Boxes

. One key per experiment (ALFA, TOTEM) to
- bypass LVDT input to interlock
- and disable all pots at the same time.

Key to be kept in the CCC. \' :
< Vertical key position : }  Toon TETEETTE
- LVDT Position interlock active, B

- RP motors can be enabled.

. Diagonal key position :
- LVDT Position interlock bypassed,
- RP motor power disabled by hardware link

main power interlock disable

Circuit diagrams in EDMS 1183242 by Xavier Pons. switches up off

ALFA and TOTEM: boxes now operational.
Tests done on 25 April.

. TOTEM: LHC COLL logbook:

https://ab-dep-op-elogbook.web.cern.ch/
ab-dep-op-elogbook/elogbook/secure/eLogbook.php?shiftld=1043476
EDMS 1204523 (interlock test report) updated !

. ALFA: LHC OP logbook: main power interlock disable

https://ab-dep-op-elogbook.web.cern.ch/ switches down on

ab-dep-op-elogbook/elogbook/secure/eLogbook.php?shiftid=1043460



ALFA LVDT Bypass Box Modification %’@

ALFA. Now:
1 key for override all LVDT comparison.
The key also cut the power to the motors.

ALFA. Before technical stop:

4 individual keys for LVDT comparison
override.

- WTOTOTeTY'Y 9
000 OO OO

nepr-p



LVDT Bypass Box: Test of 4 Scenarios

Test 1 (Failure during TOTEM / ALFA Run)

1)
2)
3)

4)

5)
6)

RPs are near the beam.
Simulate failure: Switch PXI crate off - dump, RP extraction

i

nepr-e

Turn BYPASS on - USER_PERMIT back, RP motors disabled.

[LHC can operate without RPs while repairs are done]
Restart PXI and its processes.

Verify that no RP movement is possible.

Turn BYPASS off and re-enable the motors.

Check normal functionality of RP movements and interlocks
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&

ALFA. Bypass key test. Wednesday 25th

TEST 1, sequence 2.
- 8:37 ALL pots at 20mm (upper) and -35mm (lower)
- 9:21 switch off PXI. Dump and extraction. User Permit gone

OVERVIEW : CIB.U515.R1.B1 - CIB.US15.R1.B1
SHOW VB MASKS UMMASKE COMMAND

SAFE BEAM FLAG [TRUE
IMPUT DISABLED  MASK SET
SOFTWARE
[MIT
1 not used
2 ATLAS _Mov |-
3 not used
4 Wacuum b |+
5 FIC_UMM |-
& ATLAS Det |-
7 not used
t COLL#MO.., |-
3 COLL#EM... |-

MATRIX

PERMIT

& OVERVIEW : CIB.US15.R1.B2 - CIB.US15.R1.B2 E
SHOW YIEW  MASKSUNMASE COMMAND

SAFE BEAM FLAG [[TRUER

[MPUT DISABLED  MASK SET AT RIX FERMIT
SOFTIMARE
[MIT
1 not usad
2 ATLAS Mo (
3 not used
4 Vacuum b,
= PIC UMM
& ATLAS_Det
7 not usad
t COLL&EMO,.,
3 COLLEEMY..,




@ )T
A
S
ALFA. Bypass key test. Wednesday 25th
TEST 1, sequence 3.
- ALFA BYPASS key turned at 9:48. USER_Permit back. No changes in the Application
window (no traces). Trying to move triggers message: "no acknowledgement from PXI".
OVERVIEW : CIB.US515.R1.B1 - CIE.U515.R1.E1 (£ OVERVIEW : CIB.US15.R1.B2 - CIB.US15.R1.B2 El
SHOW Y IEA  MASKSURMMASE.  COMRMAND SHOW WIES  MASKSUNMASE  COMMARD
SAFE BEAM FLAC [TRUESS SAFE BEAM FLAG [ RIRUER
DISABLED  MASK SET  —MATRIX— —PERMIT— DISABLED  MASK SET  — MATRIM-—  —PERMIT —
SOFTWARE SOFTWARE
[MIT IMIT
1 not used / 1 not usead
2 ATLAS My |= 2 ATLAS Moy |~
3 not used = 3 not used -
4 Yacuum b, |+ 4 Yacuum b... |-
=) FIC LRk T 5 FIC LMk T
& ATLAS_Det T ) ATLAS _Det j
7 not used - 7 not used -
8 COLLEMO.., |- MNO - a8 COLL&MO... |~
9 COLLEEM... T MO - 3 CIC]LL#EIHJ\-’...T
10 not used - | MO ‘ 10 not usead B




LVDT Bypass Box: Test of 4 Scenarios

Test 1 (Failure during TOTEM / ALFA Run)

1)
2)
3)

4)

5)
6)

RPs are near the beam.

Simulate failure: Switch PXI crate off

Turn BYPASS on

[LHC can operate without RPs while repairs are done]
Restart PXI and its processes.

Verify that no RP movement is possible.

Turn BYPASS off and re-enable the motors.

- dump, RP extraction

- USER_PERMIT back, RP motors disabled.

Check normal functionality of RP movements and interlocks

Test 2 (“The Forbidden Use Case”) [tested only for completeness]

1)

2)
3)

4)
5)

RPs are near the beam.

[Imagine PXI is stuck and needs reboot]

Turn BYPASS on

Reboot PXI

Verify that no RP movement is possible

Turn BYPASS off and re-enable the RP motors.
Check normal RP functionality

- no dump
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¥ REAC deile

LHC Collimator Con

File Settings Reset

More displays Help

PV.A7R1.B1)

Bypass Box Test 2: ALFA

l/ Jaw corners r Increm

1
ent M

TOP (L [um

EOTTOM (RLD [um

M roen kR n A

A P AR

Tavews

R (o] = =] T =

#8| more |

Set single motor positions

] | 35000 | lAppyt |
| cancellast |
| Stop alll |

] —35000‘ | Out switches |

f'Beam loss data [25/04/12 10:31:45] :

2.5E-7 1

2.0E-7

Beam loss signal [ au. |

T T
10:29:20 10:29:40

T T T T
10:30:00 10:30:20 10:30:40 10:31:00

T
10:31:20

T
10:31:40

wors -]

TOP LU @ uve-in @ ur-our

EOTTOM R.. @& ur-iINn & ur-ouT

Anti COLL Q vr :
Positio :

. Test 2, stepl. All pots in pos

Right UPF -44.268 Centre UFP -1.832
Display jaw: TOP (LD EOTTOM (RLU)
Positions: []Ser VDT Lim [ |Res Motor
ELM: [v]ELM1 [ JELM 2 [ |JELM3 [ |ELM<4 [ |Log¥

-Jaw positions [25/04,12 10:31:46]

—
AN N g,
i L1

ition
Z2u.ul
10.00
0.00
-10.00

Jaw positions [mm

-20.00+

-30.00+

Test 2, step2. Bypass ON.
Retraction

— 40,00 g

T T
10:29:20 10:29:40

T T T
10:30:20 10:30:40 10:31:00

time [hh:mm:ss]

T
10:30:00

T
10:31:20

T
10:31:40

Console

10:25:534 - Done!

10:28: 32 - Start set-up for update of motor positions to LVDT readings

|08:? 742 - Ready.

I NIE

Nner-=e



LVDT Bypass Box: Test of 4 Scenarios ~

nepr-e

Test 3 (“Holiday Mode”)

1) All pots are in garage (at HOME switch)
2) Turn BYPASS on
Verify that no RP movement is possible
3) Turn BYPASS off and re-enable the RP motors
4) Check normal RP functionality

Test 4 (Failure while TOTEM/ALFA in Standby —
“When the CCC calls in the night...”)

1) All pots are in garage (at HOME switch)

2) Simulate failure: Switch PXI crate off - dump, RP extraction

3) Turn BYPASS on - USER_PERMIT back, RP
motors disabled
[LHC can operate without RPs while repairs are done]

4) Restart PXI and its processes
Verify that no RP movement is possible

5) Turn BYPASS off and re-enable the RP motors

6) Check normal RP functionality
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Improvements of the CCC Application

Done (thanks to Gianluca and Stefano):
. Fixed the broken STOP button in the BBA version of the RP-collimator application
. Configured the button “Out Switches” to send the pots to the OUT Stopper positions
. Included BBA version in the LHC menu tree
(no more confusion about versions and typing explicit web URLS)

. Tested driving pre-defined open “parking” limits with EquipState (easier and less error prone)

Medium Term Wishes:
. Display new inner limits as curves
. Add the BBA tab to the default version (reachable via the LHC menu)

[ ]
Mario Deile — p. 19



Backup

nepr-e
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Interlock Logic 2012

e e : TOTEM./ALFA INTERLOCK LOGIC CMS S1E08/
: : ATLAS USA15

_ RP_HOME B1(01) o ta A
Home Sv:/;[clr;Bl(Ol) : AND\ ALE—RP_H%ME_Bl ﬁ .03-02.
- . INJECTION PERMIT
; CIBF 1
Home Switch B1(12) RP_HOME_B1(12) J | AND / (Beam 1)
Pos B1(01
LVDT_B1(01) \ ALL_LVDT_OK_B1 [\
LVDT_B1(12) - compare 2 ﬁ ) (Beam 1)
X 12 a CIBU 1
FESA L S w (double)
@ .
X 12
E ﬂ AND USER PERMIT]
LVDT _B2(01) compare > \ / (Beam 2)
Ix 12 SOl EAUE e AND ALL_LVDT_dK_B2
LVDT_B2(12) L
Pos_B2(12)
Home Switch B2(01 & \
: O —rp-FoME B2Z00D) \ | | aud /e bove g2 | |AND —TRESTRILEERME CIBF 2
Py 12 : AND T e J (Beam 2)
Home Switch B2(12) /
RP_HOME_B2(12)
: | Bypass Key :
S n x24 Motor
INJECTION PERMIT_KEY (TOTEM only) INJECTION_PERMIT_KEY St ool
TOTEM Operator / o
. OVERRIDE1
L 0
DEVICE _ALLOWED E— ‘\ NOT BACK_HOME
STABLE_BEAMS AND }
GMT (SMP) all machine flags all machine flags




Examples for 5um Movements

\ery good case: initial deviation ~ 0

BN e 5,004

.....

ons [mm]

2 4,051 fras

W
i
.
1i
:4. \
T

Setting "k

15:50:20 15:50:40 15:51:00 15:51:20 15:51:40 15:52:00 15:52:20
time

H
Jaww positions [mm]

4831

4807

L. Motor H

490

After 21 steps:
Double step for rounding
compensation

T
E::IL| -
mll.?'...'l
e
L":'i‘... ,
.......h.r
"?h'..::i
e
iy
ik
L] 4
"t.mrr
lllul:L

nepr-e

Worse case: initial deviation ~ 5 um
—> Rounding produces steps of 0 or 10 um

Jaw positions [26/04/12 15:30:54] SN
5.00 ==
-—---J.m.-..,-l
ks -u-u-uT
-y
e S
= L.
£ Coelissrnie
= -L.-...h.
[
S iosd L.
S 495 NN
g [
g b
2 i L
= (.
e
e
T
4.90 g -
T T T T T T T
15:28:40 15:29:00 15:29:20 15:29:40 15:30:00 15:30:20 15:30:40
time [hh:mm:ss]

T T T T
155300 155320 155340 155400 155420 155440 155500
time [hhmm:ss|
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