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Background

» Conversion to Low Enriched Uranium (LEU)

» Replacing existing hydrogen cold source with
deuterium cold source

» New cold source has increased heat load and
requires upgraded 7kW helium refrigerator

» New refrigerator received from EDEN Cryogenics
uncompleted
NCNR will complete and start up the refrigerator




Importance

» Maintaining standards of the NCNR

» Vital to the mission of the NCNR

» Improving the quality of the cold neutrons supplied
to the researchers
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Creation of New Cold Source

» Existing hydrogen cold
source is being replaced
with more efficient
deuterium cold source

» The deuterium cold source
will compensate for the loss

in flux

» The entirety of the system
is being upgraded

NIST
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Presentation Notes
Deuterium gives longer wavelength, higher density
Whole support system for cod source (cold box, piping, refrigerator, compressor room, ballast tanks, condenser)


Helium Refrigerator Background
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» Helium refrigerant
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» Pressure drop turbine allows &
for greater temperature
drop
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» Must be enclosed in vacuum
> (107° Torr)

» Supplies cold helium to the
condenser which condenses
the deuterium gas



Project Summary

v

Programming
- Programmable Logic Controller

Human Machine Interfaces
> Display screens, Alarm, and Bypass screens

v

Electrical

- Wiring, Diagrams, Instrumentation, Air Actuated Control
Valves

v

Mechanical
> Turbomolecular Pump

v




Programming & PLC

» Ladder logic software

» Inputs vary from 4-20mA, 0-10V, or 1-5V which are
converted to counts

» Counts are used to create engineering units
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Presenter
Presentation Notes
Inputs are 4-20ma or 0-10 V o 1-5V (input parameters that must be verified)


Human Machine Interfaces

» Visual representations of
instruments and systems
for the reactor operators
and engineers

» Uses memory variables
called tags to interact with
the PLC memory

» Compressor Room/Alarm
screen/Bypass screen

Tag
Name: OLD BOX\P1406
Type: Analog Security: E]

Description:  HX2 Qutlet Pressure

Minimum: 0 Scale: 1 Units;  PSIA

Masinam: 500 Offiet: 15 Data Type:
Data Source

Type: Q) Device (") Memory

Address:  INISTAOPLCINGO[24] (@

Numeric Display Properties = ’ ‘

Field Length: 3 Format: | Decimal - Leading Character
@) Blanks

| General | Common |

Expression

(COLD_BOX\PI406)

[ . || Logial. || Relational. || Avithmetic.. || Bitwise.. || Functions.. || Tags.. |

rCheck Alarms...
Syntax

Justfication
O Left @ Center @ Right

Decimal Places: 0 Overflow: [ Fill with asterisks v | () Zeroes
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Compressor Status

Coldbox Status

Helium Flow 123 g/sec
He Discharge 212 PSIA
Turbine Speed 81 k RPM
Turbine Inlet 20.7 K
Turbine Fault 0

Cold Source Temperature

Cl100 20.6 KO2

c200 204 HLO2
Condenser Quftlet

Moderator Vessel
Cyrostat Assembly

UNIT 2/ BT-9

21.7 K/ 24.7 K

360K/ 420K
330 C

CS CryoWord 1
1P5 DOR O clear
21cRY0 @ Clear
3IP11LO . Clear
4P200R (@ Clear
sp1300R @ Clear
8P1A00R ) Clear
97020 HI O cea
10P1BOOR (@ Clear
11TCONDH (@) Clear
127coNDHI - @) Clear
13TCONDH @) Clear

14RACKERR () Clear

PW CryoWord 3
27p10s0oR ) Clear
#pi0600R () Clear
29PI06LO O clear
3) P112 00R . Clear
P130R ) Clear
3P101A00R @) Clear
35 P TD20 HI . Clear

%P101B0CR ) Clear
37 PV TCOND HI . Clear
P TCODH ) Clear
2P TCONDH () Clear
uorw RAcKER () Clear

CS CryoWord 2
15 Vac Fail . Clear
16cloot2 @) Clear
o000z @ Clear
18 C200 02 Clear
19 VAC PR 8 Clear
0rp20L0 @ Clear
21F020L0 @ Clear
2P ER ) Clear
apieR @ Clear
uuceRr ) Clear
25 HE ERR . Clear
svAcTEW (@ Clear

PW CryoWord 4
41 PW VAC FAIL . Clear
oot @ Clear

arnvacrir @ clear
4P 2010 () Clear

5P 2010 ) Clear
15 P101A ERR . Clear
a7p1018ERR (@) Clear

#PWVACERR () Bypass
9P HEERR () Clear

50 PW TCRYO Not Active
£1Turbo Pump En Active Alarm

ALARMS BYPASSED

Cold Source Status ‘
Reactor Power 2E-4 MW
CS Cryo Status1  Normal
CS Cryo Status 2 Nor‘mal
PW Cryo Status1 ~ Norma
PW Cryo Status 2

Unit2 (Hydrogen Pressure) BT-9

P1A88.0 kPa PI101A192.5 kPa
P1AB0A -3.51 psig P1AS0C 11.6 psig

PIR 95.7 kPa P101R 188.1 kPa
P1A50B -2.39 psig P1AS0OD 11.0 Psig

Unit2 (Vacuum) BT-9

Hydrogen Detectors % LFL

e | _copreser | o1 senmet | _catbor | _riure | Vo sysen]  rege | g o o] reets | sens | IO

9:11:57 AM 50 PW Vessel Temp: T110, T116, or T117 50- PW TCRYO | |
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Creation of Display Screens

» Begins with creation of CAD
model of unit

» High Resolution Print to .tiff
file

» Conversion to Factory Talk
wallpaper

» Creation of tags for each
instrument

» Placement of display
components for data values

Description:  HX2 Outlet Pressure

Minimum: 0 Scale: 1 Units;  PSIA

Maximum: 500 Offset: 15 Data Type: [ New |
Data Source [E

Type: @) Device () Memary
Address:  [NISTS0PLCINGO[24] ()
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Electrical & Diagramming

» Wiring of several controls, actuators, transmitters,
and PLC connections

» Wiring diagrams kept up to date

» Determining the installation of specific instruments
> (research/contacting people/verifying wiring)
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Presentation Notes
One of the modules in slot 3
Purpose is to be an output of a relay
We have 16 independent relays
Send an if to the plc code; closes and energizes relay
Allows us to energize relays from bit from the computer
Jumpered power supply 24 v DC/ supplied 110V AC


Electrical & Testing

» Pressure testing of
transducers, solving
problem with continuity

» Must determine varied
input the PLC will read
based on pressure

13
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Presentation Notes
Plc will read what these transducers will give. Verifying what the plc will read for outputs. -15 to 100 to the 1 V or 5V etc
Post mechanical installation/ we connect to the computer (electrical installation)


Electrical & Troubleshooting

» Air Actuated Control Valves e m 1l

- Calibration, troubleshooting,
programming of limit switches —

I.J
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> Digital limit switches or
mechanical limit Switches

CCCCCCCCCCC

- High or low digital readings

N ‘ NIST center tor
Neutron Research
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Presentation Notes
Uses digital limit switch indications versus mechanical limit switches. 
Mechanical is either on or off
New digital ones are either low current or high current. Used resistor to get correct voltage so that in low current state its off and vice versa
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Mechanical Installations

» Turbomolecular pump
o Conduit created and
installed

- Terminal box created,
pinned, then wired

o Create PLC interface



Presenter
Presentation Notes
Automated once the box is wired/ don’t have to touch it
Also automated status in computer (alarms)
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Conclusions

Refrigerator is closer to operation

v

Turbine instrumentation installation completed

v

Vacuum system is now operational

v

Control valves are now operating properly

v

v

HMI display more comprehensive
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Future Work

» Compressors operational

» Flowing helium, completing cold box, cooling
helium

» Replacing the operating refrigerator

» Expected to be commissioned in 2017
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