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Overview
* NeXt Generation CAD system (NX12) model of NPS

,m.__ LED circuit board

HY circuit boord

N —Access door

,/,/,/’""Electronics zone heat exchonger with twin Mans [xZ)

= T—PMT rear support

.,MMH%;hH“Crgstcl array front support

Temperakure sensor plate
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LabVIEW Control and Monitoring System

stop

reset averaging

N PS I> VISA size(s) size(s) 2 SO

- resource name d

LabVIEW side i_"”‘ks & 1USB0::0x0057::0xD507: El 0 o mﬂm; ic;e—
oK

EPICS Phoebus side I —

~ All Keysight Values EPICS contral % 0:\DSG\...AB-20 - vrs 2 no aver of al\Config.csv  config-okay "
o1 7 e
,J 0. -) config-file- path-string ° =

Key5|ght O:A\DSG\Hall C\NPS\LabVIEWA\NPS 2020\NP<,

random numbers

=

measurement

unit @
A [167222 | 2 Tavg back i,J 0 Jasmees | C2Tstd dev back :—/: o . Eim "mk Smusf“‘k :—
) 1 = ::‘ 0 [i59167 CZTavgback2 do s | C2Tstd dev back 2 ’—}lo : S Z
National "/] 0 IW ?Z“"E front j’) g W €2 Tatd devront ’—}l 0 S CZTlointlk status back 2 '—
Instruments | I g Jo [mawr] Cragion2 g0 e | Gradderton? ’)u [l 2 7 hi ik status front ’
g0 [iisess ] oF rave Jo [iioes | OFTstddev )u I o s o
A = &
25 Mary Ann Antanioli 25 :/] O Jarsee, E2 ceclng Tevg 3] 0 Jfeasen] ez cooing Tt cev So 5t status 5
P Jaisee, haiTavg g0 Jessases, Rl Tt dev S 07 Tio itk status T
Schematic of control and monitoring system layout Jo [roses | oFsHove Yo [ | Semisase 50 I % coning Thi st
’—) L P Fall RH avg ") 0 [sesara | Pl R std dew :—) O | S cooling Tlo intlk status :—
i La bVI EW };}\] 0 41.5797 E"Z(DD\antTP flow avg ,:)] o 109.691 E coolant TP flow std dev ?‘] 4 It EZ cooling Thi f"t‘k status ::
.. . " 0 Jr.e934] CZ coolant TP flow avg ’—) 0 [fseors | 'CZ coolant TP flow std dev :j z : ;r::?:t;:t:::‘ et —
A 3 —d s
— Reads temperature and humidity sensors via 4 e 5o o -t
Keysight measurement unit 9o [t Fonop s Jo [ | hopade 0 s i e
. . ’—/lu Sl DF RH Io intlk status f
— Computes averages and std. deviations of o o s
A a

.

1,

temperature and humidity 1)0 | henps_All_Keysight_Channels
— Calculates dew point [henps_All Keysight Values
— Serves process variables to I0C for Phoebus | henps_averaging_enable

screens Ihcnps_A\reraging_Reset
Ihcnps_chiller_P_avg_aII

I hcnps_chiller_T_avg_all
LabVIEW screen
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Thermal Readback

* Thermal readback Phoebus screen tested and debugged
— Screens uploaded to cdagl/3 and to Github

[ > CS-Studic (Phoebus) — O ® (% C5-Studio (Phoebus) - O X
CZ temps menitoring test X | | cz T controls test X |
0% - @/- » . [Frontcrystalzone 0% el
P, temperature monitoring
Front Crystal Zone Temperature Sensor Monitoring [°C] e Front Crystal Zone Temperature Sensor Controls
Out of limit Out of limit - P
Alarm limit Alarm limit
i Crystal T A i h
Crystal T Avg  high low rys Vg  high low crystal low high erystal low  high
0 540 | 226
201 || 201 226 0 o 50 sa0| o 60
5 . . 550 | 12.3 L
181 || 18.1 12.3 5 o 50 ss0 || o -
10 (175|175 560 | 135 || 135
10 0 60 560 | O 60
15 | 194 || 194 570 | 165 || 165
15 0 60 570 | 0 60
20 (102 || 102 684 | 181 || 181
20 0 60 684 | 0 60
25 | 128 || 128 689 | 148 || 148 ” sss
30 | 213 || 213 894 | 213 || 213 Front crystal zone 0 ®0 0 o0
30 0 60 694 | 0 60
35 | 203 || 203 899 | 156 || 156 temperature control screen
35 0 60 699 | 0 60
180 | 20.7 || 20.7 704 | 183 || 183
180 704
185 | 20.3 || 203 709 | 198 || 195 0 80 0 60
185 709
190 | 157 || 157 714 | 135 || 135 0 60 0 €0
195 | 116 || 116 719 | 210 || 210 190 0 60 a0 60
200 | 139 || 139 864 | 176 || 176 193 0 60 1ol 0 60
205 | 195 || 196 869 | 143 || 143 200 1/ 0 g0 8841 © 60

Version of control and monitoring screens to be used for testing
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https://github.com/JeffersonLab/nps-phoebus

Phoebus High Voltage Control and Monitoring

12 CS-Studio@cdagl3 Row 35 01-35 0 05-35 06
w3

Off Off Off Off Off Off Off )n__|
85 % Voltage [v] [l<hchv2l:00] 118 J<hchv21:02 | 060 | | 000 | 2000.11
Current juA] | <hchv21:00 | 0,026 || <hchv21:02.| 0010 -0.010 0.006 -0.030 0,032 0.082 0090 || 681616
-34 02-34 03-34 04-34 05-34 06-34 0
off Off off off off off [ Op |

Volizge IV L0l |howoiOp) f48 | 111 | Tos | oa2 | 122 | 0s0 | 0w | iowosr |
Carent 4] 5202

02 3-3 04-33 05-33 0 v 0 il

Overview X

o
g .
B

]
Off Off Off Off Off Off Off _On__|

Voltage [V] 126 f<nchv2loaf] 140 § 032 | 044 | 000 || 107 | 163 |
prestore | [ Current [uA] 0.130 -0.006 Py

=] o
o
=

F @

32 3 0 0
Off Off Off Off Off Oif _On_|

TewperaTURes | Voltage [V] 107 [ oo W ‘
:00

Curont [uA] e

Row 31 1 01-31 2-31 03-31 04-31 05-31 06-31 08-31 0 o2

Off Off Off Off Off Off Off | On_ |
Voliage ] 079 " o0 | 1w " ow_|
Currone o] 0% 5062
Row 30 00-30 01-30 0 03-30 04-30 05-30 06-30 07 08-3; 0
Off Off Off Off [o]i3 Off Off Off . On_|
Voliage ] 068 |howei0e| o2 | OsL | o2s | 1a5 | 102 | o0 | oo | 200008 |
Curont [uA] 08

Ro 9 01-29 02-29 03-29 04-29 05-29 06-29 03-29 09-29

Off Off Off Off Off Off Off Off | C
Voltage [V] <hchv21:00
:00

g

on |
| oo | oo |
Current (o] 0056 | <hcnval 02 0067
Ro ] 01-28 0 3-28 04-28 05-28 06-28 08-28 09-28
off off Off off Off off off off [ On_|
Voltage (V) J<ieZL00] 110 | <hcnya102 o0
Current (uA] 076 <hch21.02 5058
Ro 00-27 01-27 02- 04-27 7 9-27 10-27
off off
Voliage [V] | 133 |[<hchv21:02 1.35 197 2000.08
Current juA] [<hehv2L:00 0042 J<hchvzio2f -0002 || 0004 J 0054 || o022 J 0030 || 0040 || 0022 | 682012 |

on ‘o on ou [ow [on [on| [on| (on| [ow] ‘ew (o ow ow [ow [on| [on| [on| [on [ow] [ow ow ow [on [on| [on] [ou] [on] [on] [en

or (o o o [ore [oee | [ore| [oee| (o] o] o (o o e loee [oee | o] [oe| (o] ore] jorF (ore or ore o] [oee] [ore [oss| [oee] ore

Overview screen — magenta cells Screen shows readback voltage, readback current, and
indicate an unconnected channel status LED

e Adding ability to set maximum voltage and current for
individual channels
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Phoebus Low Voltage Control and Monitoring

 Developed and tested I0C
— EPICS Phoebus screen received data transmitted by the MPOD

Voltage Current
Card Channel Power Set Readback Difference Set Readback Difference
0 0 @ Off <hcnps.  <hcnps <hcnps <hcnps_  <hcnps <hcnps
1 @ Off <hcnps.  <hcnps <hcnps <hcnps_  <hcnps <hcnps
2 @ Off <hcnps.  <hcnps <hcnps <hcnps_  <hcnps <hcnps
3 @ Off <hcnps.  <hcnps <hcnps <hcnps_  <hcnps <hcnps
4 @ Off <hcnps.  <hcnps <hcnps <hcnps_  <hcnps <hcnps
5 @ Off <hcnps.  <hcnps <hcnps <hcnps_  <hcnps <hcnps
6 @ Off <hcnps.  <hcnps <hcnps <hcnps_  <hcnps <hcnps
7 @ Off | <hcnps_ <hcnps <hcnps <hcnps_.  <hcnps <hcnps
1 0 @ Off <hcnps_ <hcnps <hcnps <hcnps.  <hcnps <hcnps
1 @ Off <hcnps_ <hcnps <hcnps <hcnps.  <hcnps <hcnps
2 @ Off <hcnps_ <hcnps <hcnps <hcnps.  <hcnps <hcnps
3 @ Off <hcnps_ <hcnps <hcnps <hcnps.  <hcnps <hcnps
a4 @ Off <hcnps_ <hcnps <hcnps <hcnps.  <hcnps <hcnps
5 @ Off <hcnps.  <hcnps <hcnps <hcnps_  <hcnps <hcnps
6 @ Off <hcnps_ <hcnps <hcnps <hcnps.  <hcnps <hcnps
7 @ Off <hcnps_ <hcnps <hcnps <hcnps.  <hcnps <hcnps
2 0 @ off <hcnps_ <hcnps <hcnps <hcnps.  <hcnps <hcnps
1 ? Off <hrnns <hrnne <hrnne <hrnne <henne <hrnne

EPICS Phoebus low voltage control and monitoring screen
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LED Control Screen

* Control screen in development
— LED control screen similar to high voltage control and
monitoring screen

~= OO0O0O0O00OO0aooog
= d0oooodoooOoOoodn
HEEE

feose OO OOOO0OOOOO L]

~= OO00O0O0000O0003000 08 @ rover E

= 0000000000000 04
OO0O00O0O00O0O00O00O00000 Bleach Pulse
OO000doboooooodn
O0O00O0O00O00O00O00O000
OO00000000000000 L
OO0O0000000000000 e Each cell is clickable and opens
O0000000000ooon a pop-up screen to control
OO0O00O0O00O0O00O00O00000 individual LEDs
Ooododoooodoooon * Bleach mode is for recovering
Oooboooooooonoon crystals from radiation damage
oboooooooouoon * Pulse mode is for calibration
O0O00O0O00O00O00O00O000
OO00oddododoodoon
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Ansys Thermal Analysis

* Heat load of 0.3 W applied to the rear face (PMT end) of each crystal

Central crystals front
face tegip. = 20°C

B: Steady-State Thermal - 36x30 Enclosed
Tempersture
Type: Temperature

Unit: *C
Time: 15
7/20/2022 1739

19.997 Max
19.277
18,558
17.838
e
16,398
15.679
14,953
14.239
13.52

128

12.08
11.36
10,641
9.921 Min

Peripheral crystals font

central crystal (18, 15
face temp. = 15°C rystal ( )

Temperature distribution on front face of crystal ~15°C at front and ~13°C at rear; AT=2°C
500 Front Crystal Face Temperatures - 0.3 W, 10° C Cu Shell Temperature Differential: |Front Face Temp. - Rear Face Temp.| Top heat exchanger 4
950 plate 1
550 a0 i
500 | 850 38 Tamperatire ; ‘
800 269%:01
450 1 750 2526401 i
200 | 700 2380101 “ . | Plane created in
650 S i E central section of
350 4 600 201e+01 I i .
“ 4 550 e \ electronics zone
5 300 A 5 500 1.67e+01 |
38 8 450 151e+01 |
2501 400 1.34e+01
2004 350 e ) Bottom heat
300 1.008+01 ) exchanger plate
150 4 250 1 | \ #
200 Top fans hidden )
100 4 150
i §
50 100 ) Zﬁ\
sg Bottom fans
0 T T T T T T T T T i
12.5 14.0 15.5 17.0 18.5 20.0 21 0 1 2 3 4 5 6 7 8
Temperature [*C] AT[C] Isometric view of electronics zone temperature
Crystal temperatures; 575 crystals at ambient temp AT of crystals; ~128 crystals have AT>1°C; light when four fans blow air at 3.33 m/s to the heat
of 20°C yield might be affected for crystals with AT>2°C exchanger plates, which are at 10°C
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Phoebus Alarm System Development

* Alarm system
— Monitors process variables for alarm conditions

* Alarm system user interface
— Configures alarm settings and acknowledges alarms

e EPICS IOC user interface

— Controls process variable generation and sets alarm limits
= Test system process variables produced by random number generators

— Communicates via channel access interface
— Provides alarm summary, status overview, hierarchical tree,
unacknowledged alarms, and acknowledged alarms
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Hardware Fabrication

* Pre-shaped 602 foils for crystals ——

L L o
Radiall 52
" g Ll
Krohn-Hite voltage/current nertin  Connector channel pairs \
source calibrator channel pair \ |

aag ::t:: |
m i "Ci ‘

ggg

son| (36) ~\c*—’—'—*\J

*  Back-potted Radiall connector pins
with Power 7718 Knot Filling Hot
Melt Glue to prevent unseating of
pins

Banana Male insulated clips Banana
P _ h df | oly contacts {clipto pairs under test plugs
* Tested cables before and after re-shaped ol g o

1 .
b a C k' p Ott I n g Plastic enclosure
Sty T 2000 T T boare 4526 cae 737

Test setup schematic

* No voltage or current stability |V
differences noticed

1 N M H
{2000 = = = — v —— E2000

annel Number
Current Readback for HV Supply Cable Long-Term Test: ~12 hrs, 06/25-06/26, Module #326, Cable #37 Current Readback for HV Supply Cable Long Term Test: ~12 hrs, Module #326, Cable #37
10

0
0

Current [

e e ——— €
= I e ]
0] o . . ___________________________________|

Time
= : Time i . Time .
: Cable #37 before back-potting Cable #37 after back-potting

Back-potted connector
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Keysight D-sub Extension Cables

10 ft. cable
assemblies
from Keysight

60-ft. extension cables

Keysight
terminal
block

Keysight mainframe

Shielded area

There are five terminal blocks in the
NPS frame that require ten extension
cables (two cables per terminal block)

DSG will fabricate twelve, 60-ft.,
extension cables with 50-pin, D-sub
connectors (includes 2 spares)

NPS side view
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Noise Reduction Tests

* Implemented Faraday cage
Fabrlcated antenna probe to locate source of noise

e e !
‘.“" L"']" !”l
Y e |

»

e EXIT
il ~
27
.

: b

Y [
'f'-'-_
AR

George and Aaron
covering detector
with aluminum foil

’

LA - f"
1777

S

N

P ."}

- . ®
.......
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Conclusion

* DSG contributing to all phases of NPS

— Control and monitoring in LabVIEW and EPICS Phoebus
— Development of Phoebus Alarm System
— Ansys thermal analysis

— Fabrication and testing of hardware
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THANK YOU!
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