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Megopie

MEGAPIE Safety Systems:

Transmission Monitor

Slit KHNY30
VIMOS

EFFECTORS
TC LBE Leak Detector
Stripe LBE Leak Detector
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Requirements:

The beam has to be switched off

e within 100 ms if 10 % of the

protons by-pass Target E
(corresponding to factor 2 in peak
intensity) .

. within 1 sec if LBE leaks out of s B
the Liquid Metal Container R Zsim= Q4 "'“w

i

o E .
™ ™ \Tﬁchler

—+—— Leitblech

|~ Catcher

VIMOS-Kamera
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four
For Megapie, tb;é (new) Systems watch
for correct scattering in Target E
and proper Beam Transport

e Improved Transm. Monitor (intensity)
e Slit KHNY30 (beam energy / path)
« VIMOS (beam footprint & intensity)
e Distribution of Losses along Beam Line
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Transmission Monitor

e Total beam current can be measured
absolutely to a few % (with calibration)

e Formerly unused signals from existing
sensor hardware is employed for additional
MEGAPIE current measurements (MHC4/5)

e Main improvement: new (shorter) cables

e Interlock is handled by the SINQ Schnelles
AbschaltSystem ,,.SAS*

e Performance compatible with 10 %
threshold
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Long Term Stability of Current Monitor
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Slit KHNY30

e Path for improperly scattered protons will be
blocked, current of jaws will be monitored

e Massive copper bars provide even short-term
passive safety

e Interlock is handled by the SINQ Schnelles
AbschaltSystem ,,.SAS"

e aided by secondary sensors (e.g. vacuum)
e Confirmed sensitivity at the 0.1 % level
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Megopie

Effect of 0.1 % beam by-passing Target E
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VIMOS

Beam intensity distribution measured directly In
front of the SINQ target

Glowing of mesh monitored via special optical
measurement chain and software

Two criteria proved to be most effective:
— Intensity in Regions of Interest (ROIs)
— Transients in intensity ratios between ROIls

Interlock is handled by the SINQ Schnelles
AbschaltSystem ,,SAS*

Performance demonstrated during mishap October
2004
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VIMOS saw wrong Parameter File

Wed Oct 27 21:20:52 2004

Lost frames: O

bml_30911: Meanl:131.175100, Mean2:46.6935600,
bm2_30911: Meanl:129. 106525, Mean2:d6.758324,
bm3_30911: Meanl:130.7040681, Meanz:46.765639, Ratio:
bmd_30911: Meanl:129.476032, Mean?:d6.566844, Ratio:
bms_30911: Meanl1:131.050932, Mean?:d6.630073, Ratio:

. 309153
.7Bl1145
FRd4E74
LF30434
.210438

Fod Fd Pl ol Tl
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Megcpie
One more Experts Group is Checking Safety Installations:

1
—_— Strahlkeller 1 SINQ-Control room
A i
/ ] 1 il e Box
O_Bereit
v bR 00 . L.
N
--------- 0_SAS A
M-SAS B
- O_SASB »: [_VIMOS
Window
i
Mirror
To MEGAPIE
control system
; : - SPS
h()ssw - ' S 6 1) 17 . F——

Figure A-3 PSA model of the VIMOS system. Ovals indicate parameters to be set by operator.
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Administartive Measures were
applied and Rules were strictly
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End-to-end Test @ 40 pA, At < 40 ms

MHCA & MHCS beam current
0.08 ) ) ) ) ) ) ) ) '
0.07 — MHC4

: : : : : : MHCS
0.06 .- ; : : § Besotndosnaut: ................ ............... ................ P ERPERRRE —_

0.05 : ; 0N N I S A A S i
0.0 b s AV SRS R— SO A T TR SRS NN i

current [rnd]

e I R S S e A T S S S S i
T e R A T T A T T S T B

001 S R 3 W U SR e, i

0
0.95 0.96 0.87 0.95 0.83 1 1.01 1.02 1.03 1.04 1.05
time [sec.]

T KHNY30 current

KHMY300ben i
_ : : : _ : — KHMY¥30unten
............. Interock KHNYBDunten

current [A]

k2 L E= iy} [y} =] m]
I
-

T T ] | Functlon ality
............. andSens|t|V|ty at

I .
5_95 096 D97 098 0.99 - [159c: | 1.01 1.02 1_Dve rYDaL O\NJ:S S| g n al
event measured on Aug. Ihj @V% Iat 16:29

—
I

Paul Scherrer Institut MEGAPIE Safetv Svstems. HPPAS. 6-9 Mav 2007 Knud Thomsen

5 PAUL SCHERRER INSTITUT %%—%1_



(=5 PAUL SCHERRER INSTITUT Kﬂ%ﬁ%\#&_
VIMOS triggered correctly @ 900 pA

Thu Aug 17 13:5&:33 2006

Lost frames: 0
bml_zzS47: Meanl:1lz.440535, Meanz:2,.807755, Ratio:l.zeés844l,x-Center of ROIl:zz7, v-Center of ROILl:1ez,x-Center of ROIZ and ROIL1 :230, w-Center of ROIz and ROIL1 :1%54

bmz_2z2547: Meanl:12.471129, Meanz2:2.8172432, Ratio:l.z27031le,x-Center of ROIl:z227, v-Center of ROILl:1e2,x-Center of ROIZ and ROIL1 :230, v-Center of ROIZ and ROIL1 :1%54

bm3_zz2547: Meat 930, Meanz:9.817775, Ratio:l.z2e9323,x-Center of ROI1l:z227, ¥-Center of ROI1:1le2,x—Center of ROIZ and ROI1 :230, v-Center of ROIZ and ROI1 :154

bma_zz2547 4 Meanl:12.533764,)Mean2:9,.535573, Ratio:l.z274330,x-Center of ROIl:z227, ¥-Center of ROI1:162,x-Center of ROIZ and ROI1 :230, v-Center of ROIZ and ROI1 :154

bms_22547: Meanl:12.569779, Mean2:9.5853515, Ratio:l.z275664,x—Center of ROIl:z227, ¥-Center of ROILl:162,x-Center of ROIZ and ROI1 :230, v-Center of ROIZ and ROI1 :154

L P A T P e S (e

< b\ Graphic

SoNBITY ot EEs

< » \Graphic £ Numeric /

Proof of Functionality
and Sensitivity at
Very Low Signal Level
(frames enhanced)

4+ \Graphic_f Mumeric
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VIMOS Alarm on 15 September

Fri Sep 15 00:42:15 2006

BSR-SINQO-6

Lost frames: 18
bml_22551: Meanl:45.777452, Meanz:22.1045875, Ratio:2.z251877,x-Center of ROIl:z32, v-Center of ROIL1:160,x-Center of ROIZ and ROI1 :226, Yv-Center of ROIZ and ROIL1 :155
bz _22551: Meanl 49, 958113 Mean2:22.1358196, Rartio:2.2566453,x-Center of ROI1:232, v-Center of ROIL1:160,x-Center of ROIZ and ROI1 :22&, Y-Center of ROIZ2 and ROIL1 :1G5
bmz_zz2551: - Meanz:zz.13826%, Ratijo:z.z251592,x-Center of ROIl:232, Yw-Center of ROILl:le0,x-Center of ROIZ and ROIL1 :22&, v-Center of ROIZ and ROIL1 :1G55
2
2

bimd_22E5E51 Meanz:22.14258¢2, Ratio:z.z2e6991,x-Center of ROI1:232, Y-Center of ROILl:1e&0,x-Center of ROIZ and ROIL1 :22&, Y-Center nf ROIz and ROI1 :1G5%
bms_22E5E1: Meanz:zz.140735, Ratio:z.258705,x-Center of ROIl:232, Y-Center of ROIl:le0,x-Center of ROIZ and ROI1 '226, Y-Center of ROIZ and ROI1 :15E

£ Last 12 hours of SINQ beam [:] (=13

ACC Status | Fri 15.Sep.2006 08:00:10 |

(i < 12H -6H Now>|
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VIMOS, Camera Degradation

1.2
1 1
» ]
> 08 IIIlIIII“
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S 04
o P vis. Fraction
= 0.2
O [ [ [ [ [
14 19 24 29 34 39

days, starting 15 September

1. New Mask, 2. New Camera
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Third Camera: 22 November

21 Decembe
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Megopie
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= = 2 Sensor Types in LBE Leak Detector:

Thermocouples
(9 individual and independent sensors,
3 electrically preheated) as
main leak sensor

Stripe sensors

type “"AC impedance” (3 separate units)
as

additional secondary instruments
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Partly unexpected Results:

Temperaturleckdetektor

— Temperaturleckdetektor — Abweichung von Mittelwert — Sterifenleckdetektor
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Eoapie
LBE Leak Detector, Temperatures / Average of Unheated TCs
400
. New Criterion: S < |Tig - (To + Ki (Avy - To))| .
5 i
F o
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Average-Temperature Algorithm refined

PAUL SCHERRER

INSTITUT

Temperaturleckdetektor

Eoapie

Stripes with reduced sensitivity

e R (O BERERY «lp | Heao

— Temperaturleckdetek  Abweichung von Mittelwert r Sterifenleckdetek
F 2000 30.0 1000
: == | 2
Ty f'\ 240
18.0
2480 80.0
12.0
[ P I e
e A 6.0 ﬂ
!
] ¥ | = o |
1960 || p2:sta0 ng:ns:sn ng 21:30 09:35:30 00:51:30 60.0
/ 31-08-2006 EE 31-08-2006 /4"‘
| RNGS8.CTa11 20°C|  RNOE.CTAI4 B7°C ]
FNESSICTOENN | cocc|  RNOSSIGTONENMN | so0°c| > T
RMESE.CTAIE RNOSE.CTRIE Temperaturleckdetektor o
1440 | _ Ablait dT/dt 400 hung von Mi
. 3 100 - 500 0 n 1200 ’ = 1000
e | B
Bl - o
a0
6.0
| 920 . 00
\\M "
i in
[ | [ | ) ~
il , | : : | . 400 | I 3 iMoo | : i ; i 0o
08:51:30 09:06:30 08:21:30 09:36:30 09:51:30 08:51:30 ns:n ) 09:21:30 09:35:30 085130 || 08:51:30 ns 06: 30 ns 21:90 moha st
31-02-2006 ﬁ @ G} m 4 » 21-D2-2006 31-02-2006 G} Eg 4 » 21-D2-2008 21-D2-2008 Eg 31-02-2006
N | =555 °C | 14°C _ 04t 0.0°c _ &0.1 %] 401
NN | cc:.1°C|  RNGES.CTATY 7.7 °C I 0.0 05°C | 5.4 6| Resenve 0.0
ERCEToa 8°C|  RNOSSICTETSNN [ 1835°C EHOSGETOENN [ 00°C 0.0°C FNESE.CEIDS [ 35. Resarve 00
3°c|  RNDSSETIE || 2036°C no-c n0C 81, Feserve 00
RNQIB.LCTIZ 7°C|  Feserve 00°C FRESHETSENN | oo°c no-c RNOSECENZ 3 Feserve 0o
= /
= + . - 500
082430 MA m:aﬁ ﬂA 30 Mﬂm

Paul Scherrer Institut

MEGAPIE Safetv Svstems. HPPAS. 6-9 Mav 2007

Knud Thomsen



TC based-LBE-L

Streifen-
leckdetektor

W Ubersicht
Megapie

Temperaturleckdetektor
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, Strange” response of Stripe Sensors from the
beginning most likely caused by cracked oil (O,) in IG:
People do make different sensitive gas sensors out of ZrO, (!)
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Welcome to IEEE Xplore 2 0: Optical fiber gas sens
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o i Nano-sized «-Fe,05 based solid solutions with different compositions of SnQ,, ZrQ, and TiO,, were prepared using high-energy ball
wor) Solidl state potentiometric oxygen gas sensors milling technique. Their structural properties and ethanol gas sensing properties were characterized using XRD and gas sensing
Dateiformat: PDF/Adobe Acrobat - - + - .
T3 owtat | 1LY ) L N ES BRI (S measurements. The experimental results show that the mechanical alloying processes for these powders are the same. The screen-printed
— W, 4 - thick film gas sensors made from these mechanically alloyed materials demonstrated very high relative resistance. A non-equilibrium
structural model was proposed to explain sensing mechanism. The comparison of gas sensing properties was performed for different «-Fe,04
based solid solutions with optimized compositions of Sn0-, ZrO, and TiO,. Among these three sensors, xT10>—(1—x)a-Fe.05 type of gas
sensor has much lower relative resistance value for ethanol. This can be elucidated by the different valence states exhibited by titanium ions.
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(...highly selective ZnO:Al,O4 based thick film hydrogen sensors) !!
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Results:

Transmission Monitor

Slit KHNY30
VIMOS

EFFECTORS
TC LBE Leak Detector

Eoapie

=

a few interlocks

very few interlocks

2 Interlocks, 2 BSRs

INnitial inconvenience

2 Interlocks, 1 TC failed

. Stripe LBE Leak Detector 2/3 worked all the time
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Eoapie

A90 CES30 Schitzblende KHMNY20 untan Kanal A

A80 CES31 Schiitzblends KHMY20 oben Kanal &
A80 CES10 VIMOS Kanal A

CS5.
C3S
35
CS5.

A90 CESS0 Transmissionsmessung MHCEE Kanal &

YyYyY Yy

SAS
SWHST Vakuum Yentl - KAMNAL A
LAZ A Sirahlfreigabs Ahschalt
VHS1 - _ | Medis- | Media- = Modul
WHS1 Ready = 7| Konverter I Fonvertsr = KANAL A
SIMNG AHL Betrish : | e - BWz2
WAK. Steusrung =

Fa P "
| j' :\ ) y | Speisegerat Kickermagnet
- "' - Kickermagneten AW

SAS |
SEWHS2 Wakuum Ventil KANAL B | L
LAS B Strahlirzigabe - .

— 9 - . . Abschalt Uberwachung .
WHS2 . . Madia- | Media- - Maodul - AW - lonen-Cuslle
WHS2 Rzady - o Hanuenas ! Honversr | kanaLB —
SING AHL Betrick 51 FREIGABE" -~ o
WAK. Steusrung o
A A A A

1C5AD0 CER4D Schiitzklende KHNY 20 unten Kanal B
1C5A00 CEG41 Schlitzblende KHNY30 oben Kanal B
1C5A00 CEG20 VIMOS Kanal B

125490 CEBSD Transmissionsmessung MHZE/E Kanal B

Life for VIMOS et al
after MEGAPIE secured
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Starting operations 2007

119.5 MW/ ACC Status | 15°C| Fri 20.Apr.2007 11:29:02
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500 : ‘ |

—1 3

i L || 3R5an  SEREERYES el
‘_ | 14,4, (g 19 A 0% 9 Yo 0.39
' 18, = 7 7 &
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Inj.1 : Standby 38 MeV (12
Inj.2 : HE [ IP
Ring : HE

SINQ : in Betrieb
Proscan: Gantryi
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