Contribution to the humidity condition
supervision in the ATLAS Inner Detector volume

Y .Pylypchenko, EPF@UiO
Oslo, 17. October 2008
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< Dew point monitor in the exhaust of the N2 volume

Design
Installation

Readout and DCS software

Commissioning

< Humidity measurements in the ATLAS ID general volume

® (lassification and Cataloging
®  HMNX2200 relative humidity sensors
® Monitoring
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<~  Purpose
% To x-check the environmental conditions in Pixel, SCT ‘Barrel and

SCT End-cap volumes
*  Using vradiation hard relative humidity (RH) and temperature (7)

senors
*  Interfaced with a SIEMENS Simatic S7-300 PLC that taKes care
of signal processing and sending the processed data to PVSS

< General layout

% Sensors are placed in the UX15 detector cavern at the N, exhaust

*  Conditioning board and PLC are placed in the USA15 controlled

ared
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RH, T and Dew Point

S Having RH and T measurement
> 9o calculate Dew Point temperature Id we model of the saturation vapor pressure dependence upon
the temperature is needed

> Werelay on a simple parametrization whose coefficients are computed by fitting the data
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Inner Detector Volume

1D end-plate
Cryostat wall (gas seal) |
fi=1.1)

ni=1a

Inl=2.0

CO:z
(warm,20 C)

CO:z
(warm,20 C)

GOz flushing point
in the gap

The inner ATLAS tracker (SCT and Pixel detector) will be cooled
down to temperatures of -20°C. To prevent creation of ice the frost

Heatad surface Cold tubes(-25 C)

point in the environmental gas needs to be below -30°C.
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Nitrogen flushed through the inner part of the I'D (SCT + Pixel) ensures the dry envi-

ronmental condition inside the Thermal Enclosure

'S Strue b
Ll

TS Strnotiive
[ By ]

Lince s Tanska
il Ll

e o inon . Snbeny Rocd
Fnteam Seber 14 i Wil bhubb=:

W e e 1§
Loareee]

N, system: Four manual gas circuits, each of them supplies gas to Pixel, SCT endcap 4,
SCT endcap C and SCT barrel.
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N, system exhaust

7\[; exhaust racks in UX15 cavern at levell ©Y.59-04.X1 (left) &

at level 7Y.62-04.X7 (right)
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Operational conditfions

2  Requirement for the humidity sensor

® 1% resolution over a large relative humidity range

® especially functional in the low (0-20 %) range

® operational at subzero temperatures

® radiation hard

®  with an option to read the sensor with conditioning electronics posi-
tioned at a distance of about 100 m

® reasonable prise

A wide array of humidity measurement instrumentation is available
due to the importance of humidity control and monitoring in nu-

merous industries. However, very few are operable under the ex-
treme conditions expected.
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Humidity sensor

Choice: HMX2200 by Hygrometrix Inc

MEMS * piezoresistive strain gauge tech-
nology sensor + 8Kbit EEPROM ** in a
single pacKage

proved to be quite robust

while for relatively low cost (due to using
semiconductor fabrication techniques)
radiation hard

and the performance suited the needs

Conditioning circuit that translates the
provides the T measurement in addition sensor output to a 4-20 mA current (in-

Navi gat ed by: dustrial standard) developed in Genova

CMS note “The humidity sensors for the CMS

” _y . *MEMS stands for micro-electromechanical
TracKer’, sensor characteristics provided by the 0

system
production company **EEPROM = electrically erasable

programmable read-only memory



HMX calibration in Genova

We want to calculate o dewpeint around -30/-28%,
The T of the gas at the exhoust will be between 18-23%,

If we do nhot cool the gas this would mean measuring a RH ~<« 1%,
which can't be measured with humidity sensors that would suit te our

application, _._

MNeed to Cool down the gas and The sensors at abour -5 to 5°
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Measurement on confined
volume of gas:

Sensor enclosed in a box

which collects the gas

and cools it down to the required
by precision temperature

Peltier element introduced for

cooling purposes

Tests and development in Geno-
va

with the target of 20 [/min at
the exhaust
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Power Cables
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Sensors setup in UX15

> Fife "boxes” installed at the end of N ex:
haust pipes
S Thermally isolated “Box”
hosts HMX and Pt1000 sensors
equipped with Peltier cooling elements
to cool the incoming gas to the required
temperature of about -4° C
® clectro-valves at the inlet and outlet to
control gas flow
® AC fan (ouside of the box) for removing

the heat
> required to equip the N\ exhaust

racks with 230 AC V' power lines




LAY 2= AT AS

Sefup in U S A 7 5 - ﬁ’ l_lhgﬁlﬁ::ir]’hl'l' P e i

ol . BT LA Ee

Rack .30-21.41
2 HMX conditioning board
S 7additional PS (SITEMENS SITOP Flexi)
®  for 5 Peltier coolers, electro-valves and conditioning s
board. !] e .
°  PLC rail with f e, UL
® S, CPU, CP, 2 Al for HMX, 1 AI for P£1000, 1 DO ﬁ s

module for releys
> PLC software:
®  (Conwerts the voltages to ‘T, RH and Dew Point for each mea-
suring point
®  (Controls the electro-valves
S PLCis connected to the LCS via Ethernet (IP/ICP)
> Due to specific conditions of ATN PLC can be programmed only |
with the direct PC connection with PLC USB adapter (EPF
property). PC should have STEP? software installed
> Required to arrange additional 230 VC V power lines to the rack.

It would be impossible without

for the installed equipment Giovanni, Ettore and Alessandro

from Genova as well as

W.IwansKi assistance
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Installation and Post-installation
The system was installed in March 2008
Right after installation and connection it was realized that at the present N2 flow it will
not function as planned

Experience from Monday 17.03.2008
2 MZdewpointCHO _temp (System1 - TEST_S7; #1)
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Temperature vs Time

in April 2008 valves were taken out, input pipe diameter increased
turning to the measurement on the gas continuous flow (instead that on confined volume

of gas).
The flow (~20 [/h) is enough, nevertheless, to measure low dew point
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Local Test Sefup

To enhance the software development
ELMB + ELMB Mother board
NIC and HIH-400 sensors
Kvaser LapCAN
HP Laptop runnign Windows XP with installed
PVSS
Laboratory PS
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DCS software: PVSS part

5 datapoints with 5 DPE in each representing ‘I, RH, DP, ‘VK s

Connected to the PLC with Native Simatic S7 driver (part of PVSS)
Pulling mode is used; pulling time 5 sec

T, RH and DP values are archived with smoothing
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DCS soft: FSM hierarchy

S Part of the IDEENY FSM (still under development)
Provides the information to the IDECOOL
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Magnetic Ventilation ,, AR

During magnet tests in July'08 it was observed another drawback of the system: AC fans
meant to dissipate heat from the Peltier do not tolerate the Toroidal field.
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Magnetic Ventilation

S Solution: use compressed air instead of any fans to ensure air ventilation in the N, exhaust

racks

S Would not make it without help of Alex Bitadze, Koichi Nagai and Valery AKhnazarov.

171 E ,?
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Summary on N2 exhaust 1 o R Sty
Dew Point monitor
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Commissioning is ongoing, sensor signals looK very stable (monitoring
basically ch1 performance)
®  Despite of the luck of the N2 flow made the system provides rea-
sonavle insight to the env. conditions inside thermal enclosure
® (Calibration looks OK . Good correlation with the values from in-
side the SCT
®  (Ch4 extensively used by Pixel community as a benchmark.
Work on updating the IDEENY FSM tree with dedicated N2 exhaust
monitor panels

Some attempts to create documentation in form of EDMS note
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RH in the ID global volume

Catalog of all RH sensors in the Pixel, SCT and ID global volumes

Localize the position of the sensors in the I'D global

PVSS panel summarizing all RH measurement

Summary page on ATLAS I'D Twiki

(https://twiki.cern.ch/twiki/bin/view/Atlas/IDHumiditySensors)
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RH in the ID global volume

> PVUSS panel to summarize all RH measurement in the I'D (except TRT)
> Split to three panels (buttons) in the IDEENY
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New RH in the ID global volume

> Packages with HMX2200 and NICs installed at the far featers
> HMX signals conditioned with Genova boards are interfaces with the PLC
® additional two AI modules were installed for this purpose in July 2008

®  wiring and re-programming PLC to include newcomers
> NIC are not connected ---> both RH and ‘T from the same HMX
S Added to the I DEENY

HE o8 s wtF o e ror = .
- s i . T T S
e AR T LTS

-  Second or der pOI Y- ToreT SarHeatert=oival (0,032 521 HEL eh1) RH 5
nNo m al us ed t O COm Zare? “arl leater+Z Ol (6, 20222021 | INEEZ chy Pt E R B |
pute RH as a f unc- Tore? SarHeslar=ownl (C04 238 821 HMEL chy 1337 RH(%
t | on Of T an d VO ut Tares arl lestere OANSHG T4 205571 | INED v b 381 HH{%

- Polynom al coeffi - Iare? L.34.2531533 Rl chd)  C 79 RHIE
cients obtaned from Tarul AT, ZEAIE05 Hek chE)y R 10
f | t t | ng t he Cal | br a- Zarel —arHealer = O3l (AL 510 HMEL ©he) 586 F.zHif-:-':_.]
t | on dat a pr OVi ded Zoret arHeater+ZC0l 4o, T35, 232 7518 Hivi<1 ch3) RH %51
by suppl i er

Farel Tarl leater+ 200l 0424 225 029 1IMET ch3h -1.47 HHi%

<090 FarHestcr+EL 0 r G 33950 HEZ chldy 3./3 BH{%




summary

N2 dew point monitoring system designed, installed and nearly commis-

sioned

RH sensors in the I'D volume are cataloged and their performance is un-

der control

Permanent monitoring of the RH and Dew Point in the I'D volume
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summary

N2 dew point monitoring system designed, installed and nearly commis-
sioned

RH sensors in the I'D volume are cataloged and their performance is un-
der control

Permanent monitoring of the RH and Dew Point in the 1D volume
Calibration for new HMX should be x-checked

Possible N'IC measurement recovered by using IDEENY ELMB
channels

EDMS not on the new HMX connection and calibration
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< During the process of installation
and commissioning this place became

like a second home :)

Thanks to Ole, Katarina and Lillian

for lending cameras



