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* DArT - cRIO Connection Scheme
* NI cRIO 9068 and Modules
* Functionalities scheme
* DArT Slow Control project
Front Panel tabs

Remote monitoring: Web Page
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NI 9203: analog input

NI 9472: digital output

NI 9870: serial
communication

IO SEP WRKTE CAGLES WHEN
RTED TN HAZTDOUS LCEATIONS.

. A

Contﬁller‘ with chassis NI CompactRIO-9068

The chassis of the cRI0-9068 is equipped with 3 modules:
* Slot 1: NI9203 for the 4-20 mA currents acquisition

* Slot 2: NI 9472 for the generation of digital outputs

* Slot 3: NI'9870 for the serial communications
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Data
NI 9203

3 UHP Setra
GTC225
NI cRIO-9068 NI 9870 T Keysight E3649A
Input

Output
S, .
DArT Slow Control Ethernet DArT Con.troller Emmm—— | 9472 Model 0254
Real-Time , Brooks Controller
Output

4-20mA

Management PC

Keithley

Relay 24V
Main functions: 2450

* Hardware Configuration
* Data acquisition

* Processing

 Data and log storage

Main functions: Hub USB Arduinos

* Hardware configuration
* Data acquisition

e Shared Variables management
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Input:
* Scan Interval
* Serial Configuration Parameters Output: Hub USB Arduinos
 Values for Keithley/ Keysight * Generators operations
 Values for Brooks Controller * Brooks Controller operations
e Valve VO State * Arduino operations

* NI9472 CHO
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Initial Settings

Initial Settings | DAIT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Config File Settings | Emor Log | Operations History | Email | Acquired Data | Usage Control |
CRIO-IP Address Power Supply Initial Values Settings Email Data Server - Initial Settings Save File?
OIS TISS ithley 2450 (LXI C ication) Outgoing Mail Server (SMTP) @
‘IﬁinmmnnqihlleDC[U] e ——— smtp.gmail.com ]
- L
o SMTP Port Error Log?
Scan Interval [ms] Maximum Amplitude DC [V] == [
. =
3}|woo ;j_gg,s o5 ]
Step Amplitude DC [V] Email
}10.5 xoxx@gmail.com ]
eer  Current Limit [A] Pl
Enter user name here 0 [ [ ]
Keysight E3649A (Serial Communication)

Amplitude DC ch1 [V]
3
\rﬂ 24
Current Limit ch1 [A]
]

4
Amplitude DC ch2 [V]
r
s
Current Limit ch2 [A]

f.

0

Brooks Controller - Initial Values
Channels

i

. Ao
o0 - 0.000
}10.000

Start Button

START

Mailing List | Alarms and Warnings Setup
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Initial Settings | DAIT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configuration | Fi ings | Error Log | Operations History | Email | Acquired Data | Usage Control |
cRIO-IP Address Power Supply Initial Values Settings Email Data Server - Initial Settings Save File?
10.131.1.33 " —
| Keithley 2450 (LXI Communication) Outgoing Mail Server (SMTP) @
Minimum Ampiitude DC [V] smitp.gmail.com
o I Save Error Log?
Scan Interval [ms] Maximum Amplitude DC [V]
¢ — ¢ T —
Step Amplitude DC [V]
Jos
: +100.0000 pA
Current Limit [A] o |
o

Keysight E3649A (Serial Communication)

‘Mlqihldelxi(lﬂ v
4

Mailing List Alarms and Warnings Setup
Current Limit ch1 [A] M

; ) Name: P1[bar]
Amplitude DC ch2 V] Lolo Lo Hi HiHi
s 0.00000 ‘Q |% }[ 0.00000 ‘Q |% }[ 0.00000 ‘Q ‘% }[ 0.00000 ‘Q ‘%}
Current Limit ch2 [A]
o Name:| p2[barg]
lo:nooon %}l ;‘I;DDDD Q %}l Dr“nioooo Q %} Hi;inoooo Q %}
Brooks Controller - Initial Values
- cr?-.nek Name: P3[barg]
9° ,'J L [ 1oto [ [ [ wivi
}Jz— 0.00000 ‘g |% }[ 0.00000 ‘g |% }[ 0.00000 ‘g ‘% }[ 0.00000 ‘g ‘%}
Flow Setpoint [ml/min]
5"3_ W Name: Fin[mi/min]
oo [ 1oto [ [ rm
0.00000 ‘Q |% }l 0.00000 ‘Q |% }l 0.00010 ‘Q ‘% }l 0.00000 ‘Q ‘%}
Name:| Fout{ml/min]
lu;“nnnnn %}l ;nnnn ay %}l DHDiDDDD ay %} “i:innnnn ay %}
Name: T-01[K]
Lolo Lo Hi HiHi
0.00000 ‘Q |% }[ 0.00000 ‘Q |% }[ 0.00000 ‘Q ‘% }[ 0.00000 ‘Q ‘%}

Scan Interval [ms] min/max

Minimum Amplitude DC [V] min/max

oo : 326
max
| 20
Maximum Amplitude DC [V] min/max
———
oo i 326
max
Step Amplitude DC [V] min/max
———
max
o

Current Limit [A] min/max

min

% 0 IF
=

Amplitude DC ch1 [V] min/max
=

Current Limit ch1 [A] min/max

min
4 IF

max

Amplitude DC ch2 [V] min/max

., Allowed ranges to set
(these controls will be hidden)
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Initial Settings

Initial Settings | DAIT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configurati File Settings | Emor Log | Operations History | Email | Acquired Data | Usage Control |
Save File? Save File?
<RIO-IP Address Power Supply Initial Values Settings Email Data Server - Initial Settings Save File? -
10.131.1.33 o o
2450 (LXI G ation) Outgoing Mail Server (SMTF) ® @ ( OFF .)
‘lﬁ-'mumAnq:ihnleDC[\'] P ——— smtp.grnail.com J
o SMTP Port Save Error Log?
Scan Interval [ms] (e DC o - g r \ Save Error Log? Save Error Log?
\ mplitude DC [V] og 0g
1000 -6 | 1587 J
Step Amplitude DC [V] ol @ :OFF »
})ID-S xxxx @grnail.com ]
User Initial Setting Current Limit [A] h
. Password
IEnter user name here ;)ID - ]
Keysight E3649A (Serial C iication)
Amplitude DC ch1 [V]
a 34 H"" Mailing List = Alarms and Warnings Setup
"ﬁlrralt Limit ch1 [A] &6 Cee | r _ <
5: 3 —— ® asas Name: P1[bar] |
- ~ - - . o,
Amplitude DC ch2 [V] HM 5 —— Lolo i la i Hi ‘ HiHi . e e }- - |
\9'71-5 - k) . 10,0000 \I_% 0.0000 \g,_% 0.0000 \Qf_% 0.0000 \I_% + “Blinking” control — ON: and OFF:
Current Limit ch2 [A]
\r,ll Name: p2[barg] Email" contrel — ON: and OFF:
Lolo Lo Hi HiHi
~ | , ~ | s ~ | ” ~ [ #
0.0000 FQ—% l 0.0000 Q‘-% [ 0.0000 Q—% 0.0000 Q—%
Brooks Controller - Initial Values
. Channels Name: P3[barg]
= ] iy - a's a's N -
5) .vj L Lolo | Lo | Hi ‘ HiHi :
¢ B 0.0000 "—% 0.0000 ‘Q:—% 0.0000 ‘Q’-% 0.0000 "-%

Flow Setpoint [ml/min] :

o0 o

‘) 4 ;jo‘ooo Name: Fin[l/min]
ﬂ'D‘DDD [oto l Lo [ Hi | ik

s
3
i
3
3
3
i

T
D000 (Y 0.0000 0.0000 0.0000

Name: Fout[l/min]

Start Button TP

0 Lo Hi HiHi
0.0000 | % 0.0000 0.0000

0.0000

,
-

.
-
>

)

START
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DArT System
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Initial Settings ~ DArT System |V|SM.X| Powar Supply | Brooks Controller | Arduine | Alarms Configuration | File Settings | Error Log | Operstions History | Email | Acquired Data | Usage Control |

Run Start Time

13:12:04.0
e 08/03/22
Enter user name here
Scan Interval [ms]

P3[barg] P2[barg]

0.000000 0.000000

1000
Fin|
Current Date [m"mm]
D 000000
dd/mmyyy
Current Time o 3

Fin
hh:mm:ssims \-/

VO Update Button

\F‘T‘_"/
Fout[ml/min]

0.000000

viT

LN2

ecovering

& Alarms Configuration History

Ranger Cryostat

Error Out Shared Variables

Stop Button

STOP

Data Saving Chosen Option

Error Log Saving Chosen Option

Shared Variable Generators Read

Shared Variable Brooks Controller Read

Amplitude DC Keithley 2450 [V]
0

Error Out Keithley 2450
status  code

<

source

Amplitude DC Keysight E3649A ch1 [V]

0
Amplitude DC Keysight E3649A ch2 [V]
[

Error Out Keysight E3649A
status  code
Kl g

source

Programmed values Qutput ports

?JID_I

Programmed values Input ports

'm

Global Programmed values

Response Flow SP

|

|
 Flow Value Channels
F

jo
_ Error Out Brooks Controller
| Frrprrra—
s I

source

—

status  code
Kl g

source

—
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DArT System — visual warnings and status indicators

Blinking:
e Red for HiHi (too high value)
0000000 |  0.000000
Light blue for "Lo" (low value)

e Blue for "LoLo” (too low value)

“Manual” Valve Status Indicators: VO Valve Control: I E I
* Blue: the valve is closed * Green: the valve is closed Vo
Vi _ W
Light blue: the valve is open ﬁ * Light green: the valve is open -’—H-
i vo
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VO operation - Relay 24V

University of Cagliari

The user needs to hit the “V0” button to open it (the valve control
becomes “on” and bright green) and then the button “New
Setting?” to confirm: the LED O of the NI-9472 turns “on” and the
LED of the Finder 95.05, commanding the relay, turns also “on”.
Same procedure to close the valve: the user hits the “V0”, the
valve button becomes “off” (dark green), then the button “New
Setting?” to confirm: the LED O of the NI-9472 and the LED of the
Finder 95.05 become also “off”.

V0 Update Button

New Setting? '

v |
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VISA/LXI Power Supply and Brooks Controller

itial Settings | ' VISA/LXI Power Supply | | Arduino | ' ‘ ‘ ' !
e R B e ) ) = Initial Settings | DAIT System | VISA/LXI Power Supply Brooks Controller
Shared Variable Generators Write
Keithley 2450 (LX| Communication) P — Shared Variable Brooks Controller Write
Maximum Amplitude DC [V]
}jl—-az.s 4 - . Channels
Step Amplitude DC [V] ' 3 3“ 0 ?‘ 1
os g
Current Limit [A] 5:| 2
gdo | How Setpoint
i "
Keysight E3649A (Serial Communication) :)| 0 ;:’ 0.000
gLl 4 0.000
Current Limit ch1 [A]
o
Amplitude DC ch2 [V]
;}Iw— Brooks Setting Update Button
Current Limit ch2 [A] ——
rjlo— New Setting?

Generators Setting Update Button

MNew Setting?




ArT Slow Control

rduino — in progress

Initial Settings | DAIT Systam | VISA/LX) Powar Supply | Brooks Controller  Arduin |mm[mm|wm|mm|ml|mm|mm|

i Base Info ASRLNSTR

——

Arduno Bese Info ASFLEINSTR

hrdune Base Info ASRLT:INSTR
infe

-~ Firmmare veroon: 383

* Current fimie for veter 4204967255 ma.
" Gas threshold temperatune: 254967295 K

Base Info Cluster

raware versiore 383
- Bowd ID; ONBADCOFEE

Famuare version: 383
* Bowrd I0: DeBADCOFEE

* Board type: i3

- Gas type: Argon

- Catiration switch: On

* Curen limit for veto: 254967295 ma

ADC Counts: 2 (CRY), 77 (AME, B2 (LEVL)
Wohtages {m¥): 2417 (+24 power supplyl 2795 (Mid. point)
P1-100: 2241 miv || §mA

Temperature K): 2147423648

Level Temp (K): 21474838545

ADC Counts: 71 (CRY], 38 (M) B5 (LEVL)
power cuply), 347 (Mid. poind)

P1-100: 2367 m || 3mA
Temperature K): 2147443648
Level Temp (K): 21474E3845

Emors: - Snoa cicuit
ADC Counts: 92 (CRYL 113 (AME, 103 [LEVL)
Vohtages {mV}: 2785 {» 4 power cupply), 2124 (Mid. point)

s_mode
(Calibration
1 quid

Sl

ZEor code
o
Curvert limit for veta i
(azs1g67295 (asagerass
Gas threshold temperature
(24967295 [azsa067295
Antuino Varisble Dita ASRLE-INSTR Arduing Varisble Data ASALT-INSTR
Infa info.
Mode: Calibration Mode: Calibretion Mode: Calibretion
Emors: - Shoa cicuit cincut

Ermors: - Snaet circuit

ADC Count: 45 (CRY), 51 (M), &2 (LEVL)

Voltages (mV): 1687 (+24 powes supply), 1596 (Wi poind)
1108 1913 ¥ 10 A

Tempenture (£ 2147423628

Level Temp (K: 147483648

Variabie Dats Cluster

Shared Varible Error Out Arduina Resd

Universi

ty of Cagliari
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Alarms Configuration

Initial Settings ] DArT System ] VISA/LXI PwerSupply] Brooks Controll ] Arduino | Alarms Configuration | File Settings | Error Log ] Operations History ] Email ] MquiredDataI Usage Control
Alarms
Conﬁgurations Show Error Out Warning Config File
CQ Last status  code
Mailing List | Alarms and Wamings Setup Save il ED

ssssss

Error Out Handling Dialeg Queus

ssssss

ssssss

Cenfiguration File Felder Name Path Cenfiguration File
lDArTConflguratan File I“n
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File Settings

Initial Settings | DArT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configuration File Settings | Error Log | Operations History | Email | Acquired Data | Usage Control |
Default File Name File Folder Mame File Name
|DAIT Data Acquisition | DArt Acquisition File | DAIT Data Acquisition 01-12-21
Path File
3

Header Variable

%)lo_ |Day |Time[hirm:s.ms] |P1[bar] |P2[barg] |P3[barg] | Fin[ml/min] |Fout[ml/min] |T-011K]
Header Alarm
%)lo_ | Alarm_P1_HiHi |Alarm_P1_Hi |Alarm_P1_Lo |Alarm_P1_LoLo | Alarm_P2_HiHi |Alarm_P2_Hi |Alarm_P2_Lo |Alarm_P2_LolLo

Error Out Writing File

TDMS]CS\;]

status  code
Property Names il HD
»
F)I["' IlTltIe IAuthor IFiIe creation date IDescription seuree
Title
IDArTAcquisition
Description
IData acquisition and writing test on TDOMS file
Data Group Name Variable Data Group Mame Alarm
IMeasured data IAIarm registered
Error Out Close File TDMS Error OQut Close File CSV
status  code status code
g1 fo g1 o
source SOUrce

Tab TDMS5 & C5V
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Error Log

Initial Settings | DArT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configuration | File Settings Error Log | Operations History | Email | Acquired Data | Usage Control |

Default Error Log Error Log Folder Name Error Log Name Error Qut Error Lag

I DArT Error Log IDArT Error Log I DArT Error Log 01-12-21 status  code
4 I

Path Error Log source

&

Header Errar Log
r
TiD IIStatus ICnde

Complete Header Error Log

r
TiD IIDay ITlme[h:m:s.ms] IStatus ICode

Error Qut Close Error Log

status  code

|

source
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Operations History — in progress

Initial Settings | DArT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configuration | File Settings | Error Log Operations History | Email | Acquired Data | Usage Control |

Ervor Out Operations History
Default Cperations History File Name Operations History File Folder Name Operations History File Name status  code
| D&rT Operations History | DarT Operations History File IDMT Operations History 19-04-22 ﬂ I 0
SOUNCE
Path Operations History File

QOperations History Header

o
_-'.! 0 Date [d/myy] Tirme [hirmzs.ms] User Control Mame Old Value Mew Value
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Email Server

Initial Settings | DAIT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configuration | File Settings | Error Log | Operations History ~Email

Email Data Server

Qutgoing Mail Server (SMTF)

|5mtp.gmai|.com |J

X

SMTP Port

r|53? |

Email

Password

|xxxx@gmail.cnm |]

E
| **************** |
L

Errar Qut Email

status  code

il @

S0OUrCeE
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Trends of the Acquired Data

Initial Settings | DAIT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configuration | File Settings | Error Log | Operations History | Email ~Acquired Data \ Usage Control |

Start End
FEEEL EEE =

Graph Acquired Variables

e | 0Pt ban s |
465 U P2 [barg]
47~ [ P3 [barg]
75— [ Fin [ml/min]
48~ [J Fout [ml/min]
485- [ 1-01 [K]
-49- [ 1-02 [K]
-49.5- [ 103 [K]
-50+ [ T-04 [K]
-50.5
51- Error Out Reading File
-51.5] status  code
-52- 4| HD—
source
-52.5-
53— I
-53.5-
= Error Out Reading File Queue
-54.57] status  code
-55- 4| Ho
-55.5] source
56—
-56.5-, . . . . . . . . . . . ' I
15:44:44.9 15:49:44.9 15:54:44.9 15:59:44.9 16:04:44.9 16:09:44.9 16:14:44.9 16:19:44.9 16:24:44.9 16:29:44.9 16:34:44.9 16:39:44.9 16:44:44.9
06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22
Date and Time
B2
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Trends of the Acquired Data

Initial Settings | DAIT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configuration | File Settings | Error Log | Operations History | Email ~Acquired Data \ Usage Control |

Start End

(=1 00:00:00.0 I'ﬁ]] [TTT 000N 0 @]
DO/MMYY Reinitialize to Default Value [ Refresh ]

Graph Acqi  “™°"
-46-—  Description and Tip... L P1 [bar] 3}\‘3"
465 U P2 [barg]
. O P3 [barg]
75— [ Fin [ml/min]
48~ [J Fout [ml/min]
485- [ 1-01 [K]
-49- [ 1-02 [K]
-49.5- [ 103 [K]
-50+ [ T-04 [K]
-50.5
51- Error Out Reading File
-51.5-] status  code
-52- Fl HD—
source
-52.5-]
53 I
-53.5-]
= Error Out Reading File Queue
-34.57 status  code
-55- 4| Ho
-55.5] source
56
-56.5-, I I I I I I I I I I I 1 I
15:44:44.9 15:45:44.9 15:54:44.9 15:59:44.9 16:04:44.9 16:09:44.9 16:14:44.9 16:19:44.9 1&:24:44.9 16:29:44.9 16:34:44.9 16:39:44.9 16:44:44.9
06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22 06/04/22
Date and Time
B w
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Usage Control

Initial Settings | DArT System | VISA/LXI Power Supply | Brooks Controller I Arduino l Alarms Configuration | File Settings I Error Log l Operations History I Email I Acquired Data . Usage Control
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Main Functionalities

e Data acquisition and processing with slightly adjustable run time (around 1 s)

* Visualization of current measured data and trends at the request of the user

* Security check of the operations
Variables acquired outside the defined ranges: high/low (warning) or too high/low (alarm) values are reported
Measurements and Event logging associated with date and time
Variables limited in ranges in the Slow Control and in the cRIO

Tracking of user operations in a file: date, time, user, variable, old and the new values are saved

* Files (data and error log saved on files changed periodically every week):

DArT Slow Control

CSV (Comma Separated Values)

: Data_TDOMS_Visualization.aliases

TDMS (Technical Data Management Streaming) =) 5 Dats TDMS Visualization

« | Data_TDMS_ Visualization
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System status can be monitored remotely through a web page.

Users can connect using the link: http://10.131.1.34:8001/Web Page - DArT Slow Control.html|
The web page allows the users to see exactly what the operator is viewing in the application.

[ | (3 DA Slow Control x |+

@] @ 10.131.1.34:3001/Web Page - DArT Slow Control.html

DArT Slow Control

= o x

= @ & -

Initial Settings  DArT System | VISA/LXI Power Supply | Brooks Controller | Arduino | Alarms Configuration | File Settings | En—orl.og] Operations Hishryl Email | AnquiredDa‘aI Usage Control |
Run Start Time

13:12:040
L= 08/03/22
P2|
P3[barg] [barg] Bilbar] Shared Variable Generators Read Shared Variable Brooks Controller Read
0,000000 0000000 0.000000
it Amplitude DC Keithley 2450 [V] , l_anjnmmﬂlviuxOulpllpuﬂs
'min] “H e
C— 3
"‘3}{ 0.000000
- Y Error Out Keithley 2450
™ Fin
vi6
Programmed values Input ports
p e ——
e o
™ Fout
V17
viz Fout[ml/min]
0,000000 A
Global Programmed values
3 Vacuum
Vo5 GAS GAS A i
vis mplitude DC Keysight E3649A ch1 [V]
outlet inlet 0
LN2
Amplitude DC Keysight E3649A ch2 [V]
4 Data Saving Chosen Option
Error Log Saving Chosen Option
T-01[K] T-03[K]
History 0,000000 0,000000
Ranger Cryostat T-02[K] T-041K]
0,000000 0,000000
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Latest requests — in progress

1.  Acquire gas system sensor values
1. Keep the history of the system
2.  Safety watch.
1.  Look for critical sensor values.
2. If anyis out of range warn operator and related people.
3.  Distribute information and system status.
1.  To an unrestricted number of viewers
4.  Allow operators to set parameters.
1.  Only operators can modify parameters
for safety.
3. Keep track of operations.
5. Automatic procedures to ease the operation.
1.  Automatic filling with UAr.
2.  Automatic emptying
3. Bottle replacement and cleaning
4, UAr recovering
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Thank you for your attention

Any questions?




