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Hall B Gaseous Detectors

Drift Chamber (DC)

Low Threshold Cherenkov Counter (LTCC)
High Threshold Cherenkov Counter (HTCC)
Silicon Vertex Tracker (SVT)

Micro-Megas Vertex Tracker (MVT)
Forward Tracker (FT)

Ring Imaging Cherenkov Counter (RICH)

NoOUsEWhE

e Controls developed for detectors 1— 4
— In development for 5 — 7
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Hall B Gas Controls: Network and System

* Hall B’s gas system controlled by three controls and

monitoring stations

— System works over slow controls network (160)
= QOperational control from the gas shed
" Process variables provided to EPICS (user monitoring, alarms, data

logging)
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Hall B Gas Controls: System Locations

Hall B Gas Shed

Hall B End station

cove Beam

Forward Carraige
Space Frame

* Controls for all
systems including S =
MVT and FT - e [TCC

* RICH
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Hall B Controls Setup

National Instruments LabVIEW software in gas shed

RIO

Drift Chamber Gas  Drift Ch

Gas Shed Hall B End Station Gas Shed
£ 3 R3 H20 R3 02

#1 Mixing Buffer Tank
Pressure (PSD)

R1-R2H20  R1-R202
(PPM) (PPM)

#27CU 2 ut
Pressure (PS)

Hall B Gas Shed

#1 Ar/CO2 Mixing

Argan Supply
€02 Supply

R12 Pressure

a3

#2 Ar/CO2 Mixing

Custom controls interface chassis with touchscreen monitor
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Hall B Gas Controls: Components

Network switch Gas flow control

LabVIEW code < and monitoring

LabVIEW code lGas flow monitoring

Compact Reconfigurable 1/0O:
Programmable Automation
Controller

PC with LabVIEW software

Gas controls interface

. MFC power
chassis

Sensor signal Sensor power MKS GE50/250
Mass Flow Controller

System sensor
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Hall B Gas Controls: Interface Chassis

Interface Chassis provides connection between :
— System sensors and valve controllers to the I/O
modules for the cRIO
— Power to mass flow controllers and system sensors

Ll
Chassis inside

Chassis rear panel
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Hall B Gaseous Detectors

Drift Chamber (Ar and CO,)

Low Threshold Cherenkov Counter
High Threshold Cherenkov Counter
Silicon Vertex Tracker
Micro-Megas Vertex Tracker

Forward Tracker
RICH Detector

NoOoUseEWNRE
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Analog Input

Hall B DC Gas Controls: Instrumentation

Gas Shed
hb-crio-gs

Network

Interface
Chassis

Gas Monitoring

MKS 579 Mass

Flow Transducers
(x2)

MKS 122 Absolute

Pressure
Transducer (x2)

Oxy_1Q 02 sensor

(x3)

Easidew Moisture

sensor (x3)

Panametrics S3

TCU(x2)

Tuesday, September 13, 2016

Network

Network
Switch

Gas Control

MKS GE250

s Mass Flow
Controller
(x3)

e e — — ——————

—————— — — — — —

| Ar/CO, Gas
: Mixing

| Control
|
|
|
|

MKS GE250
Mass Flow

| Controller
|| (x4)
|

Space Frame

hb-crio-sf

Interface

Chassis

>

Network
Switch

Network
—_—

———— —— — — — —— — — — —

Pressure Control

Analog Output
Analog Input

MKS 223 Differential
Pressure Transducer
(x2)

Pressure Control
Valve sets (x2)
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Drift Chamber Gas Controls: Signals

* Mass Flow Controllers (x7) e Mass Flow Transducers (x2)
— Mix #1 Ar —R1/2 Return
—Mix #1 CO, —R3 Return
— Mix #2 Ar
:RMIIXSﬁi;y(I)Z * Pressure Transducers (x6)
—R2 Supply —R1/2 Return (Differential)
—R3 Supply —R3 Return (Differential)
— Mix #1 Buffer Tank (Absolute Value)
— Mix #2 Buffer Tank (Absolute Value)
* Moisture Sensors (x3) —R1/2 Return (Magnehelic)
—R1/3 Supply —R3 Return (Magnehelic)
—R1/2 Return
—R3 Return
e Thermal Conductivity (x2)
* Oxygen Sensors (x3) —Mix #1
—R1/3 Supply —Mix #2
—R1/2 Return
—R3 Return
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Drift Chamber Gas  Drift Chamber Gas Mix/PID

DC Gas Controls: GUI

" LTCC

HTCC  SVT

» MVT_Forward | cRIO

Flow control Selector
__Auto Flow Control
R1-3 Mix Tan
Off

Gas Shed

k Press. Mode

04778 |

DC MIX MFC
#1 Ar Set Pt

#1 Ar%

#1 Ar Flow
(LPM) S

#1 Mixing Buffer Tank
Pressure (PSI)

DC MIX FLOW
#1 Ar+Co2 SP

DC MFC

R3 Supply

Set Pt |40

DC MIX MFC
#1 Co2 Set Pt

#1 Co2 %

#1C02
Flow (LPM)

-0.320z|

R3 Supply
Flow (LPM)
#1 Ar/Co2 Flow
(LPM)

DC Supply H20
(PPM)

DC MIX MFC
#2 Ar Set Pt \'19.8 4

07116 |

#2 Ar%

#2 Ar Flow
(LPM)

DC Supply 02
(PPM)

— | |pc M FLow
#2 Ar+Co2 SP

R1 Supply
= SetPt

R1 Supply
Flow (LPM)

DC MFC

R2 Supply m
Set Pt <c

Hall B End Station

0025 ) 0125~
i 0.154

R3 Pressu
R3 Pressure
Controlled Valve

—l— —

170, 2

DC MIX MFC

#2 co2 set t PRI
.

#2Co2 %

jooss2 |

#2 Ar/Co2
Flow (LPM)

R2 Supply ['2 0
Flow (LPM)

#2 CO2 Flow ]
LPM) -0.6534|

R2 Mix Tank Press. Mode

=x

#2TCU

#2 Mixing Buffer Tank
Pressure (PSI)

J

R1/2 Pressure
Controlled Valve

e

0025 ) 01257
0 01541
0.071 |

4

R1/2 Pressure (IWC)

Gas Shed

R3 02
(PPM)

R3 H20
(PPM)

R3 Pressure

[1406

R3 Return Flow (LPM)

R3 Pump

R1-2 Pressure

R1-R2 H20
(PPM)

=

R1-R2 02
(PPM)

R1-2 Return Flow (LPM)
-
A

R1-2 Pump
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DC Gas Controls: Gas Shed Controls

Flow Control Selector

Mix 1 Tank
Pressure Mode

Mix #1 Ar MFC———>
Mix #1 Flow

Mix #1 CO, MFC ——>
Supply H,0 and O, Sensors
Mix #2 Ar MFC———>

Mix #2 Flow

Mix #2 CO, MFC ——>

Mix 2 Tank Pressure
Mode

Tuesday, September 13, 2016

Mix #1 Buffer Pressure

DC MIX MFC i1 Mixing Buffer Tank

Pressure (PSI)

#1 Ar Set Pt
90

#1 Ar Flow
(LPM) 0.2886

#1 Are
#1 Ar+Co2 SP

o1

#1 Ar/Co2 Flow
(LPM)

DC Supply H20
(PPM)

DC Supply 02
(PPM)

DC MIX FLOW |

#2 Ar Flow #2 Ar+Co2 SP

(LPM)

#2 Co2 Set Pt
#2 CO2 Flow
(LPM) -0.652¢|

R2 Mix Tank Press. Mode

fr— [‘0 03945 |

#2TCU

Flow (LPM)

Set Pt

#2 Mixing Buffer Tank
Pressure (PSI)

Mix 1 Thermal Conductivity
Unit
<— Reg. 3 Supply MFC

DC MFC

spt
i ]
Flow (LPM)

DC MFC

R1 Supply nt
. SetPt

<— Reg. 1 Supply MFC

Flow (LPM) 200

DC MFC

setpt

Set Pt
200

<— Reg. 2 Supply MFC

R2 Supply
Flow (LPM)

Mix 2 Thermal Conductivity
Unit

Mix #2 Buffer Pressure
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DC Gas Controls: Mixing Gas (Manual Mode)

Flow control Selector
Manual Mode Gy Shed
R1-3 Mix Tank Press. Mode
Selected

Argon set point active

CO, set point active

DC MIX MFC

#lArSetPt

#1 Arve a0

#1 Ar Flow
(LPM) 0.2915

DC MIX MFC

#1 Co2 Set Pt

#1TCU

DC MIX FLOW
#1 Ar+Co2 SP

60
-0.0232

#1 Ar/Co2 Flow

Set Pt

#1 Mixing Buffer Tank
Pressure (PSI)

DC MFC

R3 Supply 10

Flow (LPM)

(LPM)
g 10

#1.C02 SERM)

Flow (LPM) |t 6.5583

W R1 Supply

DC Supply 02 R1 Supply

Flow (LPM) 200

#2 Ar Flow
(LPM) £ R2 Supply

R2 Supply
| ‘ Flow (LPM)

#2 CO2 Flow =
() “0.6563|
R2 Mix Tank Press. Mode

. On W o35 04607

#2TCU #2 Mixing Buffer Tank
Pressure (PSI)

Flow (LPM)

Tuesday, September 13, 2016

During manual flow control, set
points for each mass flow
controller are entered via the
black lit controls box. Each mix has
an argon and a CO, flow controller.
After initial values are entered for
each, mix flow is increased or
decreased by changing the value
of argon.

The CO, value will change to keep
the ratio as originally set.

To change the ratio, enter a new
value for a desired CO, flow
controller. The mix ratio will be
affected by the amount of change,
the percent display will reflect the
change. This will also change the
mix flow amount, however, the
argon set point and flow will stay
the same.

Review S
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DC Gas Controls: Mixing Gas (Automatic Mode)

Auto Mode
Selected

Tuesday, September 13, 2016

Flow control Selector

Gas Shed

R1 e

DC MIX MFC #1TCU

#1 Ar Set Pt
#1 Ar% a0

#1 Ar Flow
(LPM) 0.2886

DC MIX MFC

#1Co2 Set Pt ’6—]
10

DC MIX FLOW
#1 Ar+Co2 SP

o1

#1 Ar/Co2 Flow

#1.C02 s
Flow (LPM) e

DC Supply 02
(PPM)

#2 Ar+Co2 SP

ol

#2 Ar/Co2

R2 Mix Tank Press. Mode

rm— o—— [‘0 03945 |

#1 Mixing Buffer Tank
Pressure (PSI)

DC MFC |

S Supply

R3 Supply 40
Flow (LPM)

DC MFC

R1 Supply nt

R1 Supply

Flow (LPM) 200

DC MFC

R2 Supply o
setpt f20_

R2 Supply 20.0
Flow (LPM)

0.4607

#2 TCU #2 Mixing Buffer Tank
Pressure (PSI)

Region supply MFC
controller automatically
sets mix flows.

During automatic flow
control, the regional
mass flow controller
set points govern the
mix flow controller set
points.

The mixture ratio is
changed by adjusting
the CO, % of the mix.
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DC Gas Controls: Mixing Gas

FIovtr control Selector Gas Shed

Thermal sy
Conductivity Unit i -

DC MIX MFC #1 Mixing Buffer Tank
(TCU) o SetPt Pressure (PSD)

T 00 | DC MIX FLOW
#1 Ar+Co2 SP DC MFC

DC MIX MFC R3 Supply 3 :
- Flow (LPM) 2040

#1 Co2 Set Pt
o - a};)/mz Flow
CO, % control D T

DC Supply H20
(PPM)

311¢
Flow (LPM) DC MFC
1 R1 Supply

#2 Ar Set Pt W DC Supply 02 R1 Supply -
0

Flow (LPM)

#2 Ar%

#2 Ar Flow DC MFC

(LPM) > R2 Supply
Set Pt

et -

Flow (LPM)

#2 CO2 Flow
(LPM)

R2 Mix Tank Press. Mode

| On_ Mozess | loae07 |

#2TCU #2 Mixing Buffer Tank
Pressure (PSI)

Tuesday, September 13, 2016

Determining the correct mixture
is an advanced operation, to be
performed by trained system

experts.

The procedure involves obtaining
the thermal conductivity of a
sample from a calibrated pre-
mixed tank and adjusting the
percentage of CO, in the mixture
until the TCU measurements
match.

Increasing flow of CO, will
increase the current in the TCU
signal, while decreasing the flow
creates the opposite effect.

Review S
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#1 Mix Tank
Pressure Mode
Selector (Off)

Mix #2 Mass Flow
Set Points affected
by low buffer tank
pressure.

#2 Mix Tank

DC Gas Controls
Buffer Tank Pressure Control

During operation, the mix tank

R1-3 Mix Tai ode buffer tank pressure is
|
—_— monitored by the system.
DC MIX MFC #1 Mixing Buffer Tank
o Sem Sl e Should tank pressure measure
T
out of range, the system wiill
#1 Ar% 90 DC MIX FLOW . .
#1 Ar+Co2 SP B automatically increase or

?Jpﬁ,’)”“ s Sty decrease flow to maintain the

correct pressure.

#1 Ar/Co2 Flow
(LPM)

There are specific tasks when
Sl this automatic pressure control

PPM)
_— is not used, such as the initial
m | Resoemy - fill of the detectors.

DC Supply 02 R1 Supply
(PPM) Flow (LPM)

DC MIX FLOW
#2 Ar Flow #2 Ar+Co2 SP DCM

FC
(LPM) : zts:tpply
o B

R2 Supply
Ha Flow (LPM)
#2 Ar/Co2

Flow (LPM) Mix #2 Buffer
#2.02 riow [ Pressure (Low)

R2 Mix Tank Press. Mode

Pressure Mode
Selector (On)

. On_ W03 |

#2TCU #2 Mixing Buffer Tank
Pressure (PSI)

Tuesday, September 13, 2016 17 Review 05‘9
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Drift Chamber Gas  Drift Chamber Gas Mix/PID

DC Gas Controls: Flowing Gas

"LTCC | HTCC

VT

MVT_Barrel

» MVT_Forward | cRIO

Flow control Selector
__Auto Flow Control
R1-3 Mix Tank Press.
Off

Gas Shed

Mode

04778 |

DC MIX MFC
#1 Ar Set Pt

#1 Ar%

#1 Ar Flow
(LPM)

=

#1 Mixing Buffer Tank
Pressure (PSI)

DC MIX FLOW
#1 Ar+Co2 SP

DC MFC

R3 Supply

Set Pt |40

DC MIX MFC
#1 Co2 Set Pt

#1 Co2 %

#1C02
Flow (LPM)

-0.320z|

R3 Supply
Flow (LPM)
#1 Ar/Co2 Flow
(LPM)

DC Supply H20
(PPM)

DC MIX MFC
#2 Ar Set Pt \'19.8 4

07116 |

#2 Ar%

#2 Ar Flow
(LPM)

DC Supply 02
(PPM)

— | |pc M FLow
#2 Ar+Co2 SP

R1 Supply
= SetPt

R1 Supply
Flow (LPM)

DC MFC
R2 Supply

Set Pt

Hall B End Station

0025 ) 0125~
i 0.154

R3 Pressu
R3 Pressure
Controlled Valve

—l— —

170, 2

DC MIX MFC

#2 co2 set t PRI
.

#2Co2 %

#2 CO2 Flow
(LPM)

jooss2 |

#2 Ar/Co2
Flow (LPM)

R2 Supply ['2 0
Flow (LPM)

=

R2 Mix Tank Press. Mode

=x

#2TCU

#2 Mixing Buffer Tank
Pressure (PSI)

J
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R1/2 Pressure
Controlled Valve

e

0025 ) 01257
0 01541
0.071 |

4

R1/2 Pressure (IWC)

Gas Shed

R3 02
(PPM)

R3 H20
(PPM)

R3 Pressure

[1406

R3 Return Flow (LPM)

R3 Pump

R1-2 Pressure

R1-R2 H20
(PPM)

=

R1-R2 02
(PPM)

R1-2 Return Flow (LPM)
-
A

R1-2 Pump
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X DC Gas Controls: R3 Gas Supply Controls

Return R3 H,O

Vacuum
R3 pressure gauge R3 pressure and O, Sensors
from MKS 223b controlled valve  pPUmp
Hall B End Station (Gas Shed ‘
R3H20  R302 R3 pressure
- [PPM) (PPM) .
—a magnehelic
R3 Supply RSSug;():lyMF R3 Pressure
SEt pOint g — SR EIETE R3 Return Flow (LPM)
With the system e Return flow
running, enter the gas
g rtheg | transducer
supply set point on the m:',,‘,i.? R1-2 Pressure
desired mass flow L ser™ Lo
controller. FF{llofvu?fF"yM) R1-R2H20 R1-R202
(PPM) (PPM)
DC pressure will be iel

managed by a PID loop R2suppiy [E
written in the code,

which will continuously
control the position of
the corresponding

pressure valve. Mixing Buffer Tank

essure (PSI)

Tuesday, September 13, 2016

0'015 R1/2 Pressure
1 Controlled Valve
0.025 0125 | "“|“
a 0.15" —b‘
S %

R1/2 Pressure (IWC) S

R1-2 Return Flow (LPM)

Review S
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DC Gas Controls: Pressure Control

Pressure control system monitors output of two

Hall B End Station fas Shec differential pressure transducers (MKS 223b)
: :‘:;:)0 :‘:P‘;:) located on the space frame. Signals from
transducers maintain a set pressure by
controlling two sets of parallel valves. These
valves are inline with a bank of vacuum pumps
Contraied Vaive e which provide the low side of the pressure

.‘% system. Set point used for the DC PID test is

0.075 inches water column. PID settings were
used to maintain pressure using two 240 gal
tanks.

R3 Pump

R1-2 Pressure

o]

R1-R2 H20 R1-R2 02
(PPM) (PPM)

R1/2 Pressure
Controlled Valve

i ) — R1-2 Return Flow (LPM)
0.025 » 01257
‘ 0154 |< " W‘ |

o)
2794 [RQ R1-2 Pump

R1/2 Pressure (IWC)

Tuesday, September 13, 2016 Review QS‘Q
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Hall B DC Gas: EPICS Monitoring Screen

Hall B Gas Shed

Hall B

Hall B Gas Shed

#1 Ar/CO2 Mixing

-0.00
#1 Ar Flow
Argon Supply -0.03 lpm

CO2 Supply -0.03 Ipm

#1 CO2 Flow

#2 Ar/CO2 Mixing

#2 Ar Flow
Argon Supply 0.12 Ipm
CO2 Supply 0.00 lpm
#2 CO2 Flow

-0.40

ATM

#1 TCU (4-20mA) H20

0.00 ppm

#1 Supply Tank
0.00 iwc

Pressure

#2 Supply Tank
0.00 iwc

Pressure

0.00 ppm

#2 TCU (4-20mA) H20

ATM

02
0.00 ppm

R3 Gas Flow
40.00 lpm

R1 Gas Flow
20.00 lpm

20.00 lpm
R2 Gas Flow

0.00 ppm
02

MKS 223
0.08 iwc

Magnahelic

R1-2 Pressure

MKS 223
0.08 iwc

Magnahelic

02
n2

0.00 ppm

R3 Gas Exhaust Flow
36.50 lpm

39.02 [pm
R1-2 Gas Exhaust Flow

CLAS shifters will monitor the DC gas system via the EPICs GUI. EPICs will provide system
alarm handling as well as data logging of the provided process variables.

Tuesday, September 13, 2016
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Hall B Gaseous Detectors

Drift Chamber

Low Threshold Cherenkov Counter (C,F,, and N,)
High Threshold Cherenkov Counter

Silicon Vertex Tracker

Micro-Megas Vertex Tracker

Forward Tracker
RICH Detector

NouhkwWNPE
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Hall B LTCC Gas Controls: Instrumentation

Gas Shed _ Forward Carriage
. hb-crio-fc
hb-crio-gs Network Network
Switch Switch
Network Network
—_—> —_

i Controls o
8 Chassis S
7 1
LT [ < 1 : L o rTTTTTTTTTTT !
| System |2 | GasFlow | 5| | PressureControl | | |  Gas Flow
' Hor I 2| Control BRI ' '
| Monitoring | < | ' 2| 2| | | Pressure Control || | Control
| , || MKs GE250 =12 valve (xa) ' || MKS GE50 Mass
I Trancell TI 500e | ! | | wo| 80 alve X I P
| weight scale (x2) —>| Mass Flow | oS | || Flow Controller (x6)
| <€ | ——_———————————
- : MKS 750c High : : : : < : Differential |
3 || Pressure Absolute | | | | MKSGES0 I | | Pressure :
2 | Transducer (x1) | | Controller (x1) e !
< I | T === : r——————————7
©
s : Distillation Unit | : : Gas Monitoring :
| Chromalox : : | and Control :
: 'Ig?;nfaer?;i)re : : I'| Magnehelicand |1
| play , . | | Omega DP25 (x6) :
e : |
: | . |
! | | Solenoid valve |
: : (x12) |
P A S d
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LTCC Gas Controls: Signals

* Mass Flow Controllers (x8) * Pressure Transducers (x8)
—Sector 1 Flow —Sector 1 Pressure (Magnehelic)

—Sector 2 Pressure (Magnehelic)
—Sector 3 Pressure (Magnehelic)
—Sector 4 Pressure (Magnehelic)
—Sector 5 Pressure (Magnehelic)
—Sector 6 Pressure (Magnehelic)

—Sector 2 Flow
—Sector 3 Flow
—Sector 4 Flow
—Sector 5 Flow

—Sector 6 Flow —Buffer Tank Control Pressure (Differential)
—LN2 Vent —Return Tank Pressure (Absolute Value)
—C,F,, Supply

 Temperature (x1)
—Distillation Tank Temperature

e Scales (x2)
—Distillation Tank Weight
—C4F10 Supply Tank Weight

Tuesday, September 13, 2016 Review QS‘Q
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LTCC Gas System Controls: GUI

LTCC MFC (Ipm)

l CAF10 LTCC MFC (Ipm) '
Hall B Gas Shed SEtHL S1 Set i ; Pressure Control
| C4F10 - e - .
||| Flow o 7

Fiow Diff. Pres. 51 (inH20)

LTCC MFC (Ipm)

S2 Set { - \
= )
s2 ( -0.144

Flow ;
Diff. Pres. 52 (inH20) C4F10 Exhaust

Storage Tank
Abs. Pressure

Scaiei{ia) — LTCC MFC (Ipm) 4 e
849 Gl S3 Set { . i
n

s3
How Diff. Pres. 53 (inH20)

LTCC MFC (Ipm)

54 Set
Pt

LTCC Diff. Pressure Gauge

Diff. Pres. S4 (inH20).

LTCC MFC (Ipm)

CAF10 Supply F ‘ Sector volume is
1

Scale (Kg)

s Diff. Pres. S5 (inH20) ~85K Iiters (51K
5 liters total)

Hall B Forward Carriage|

Diff. Pres. 56 (inH20)

Tuesday, September 13, 2016 25 Review 05‘9
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LTCC Gas System Controls: Gas Supply

Sector pressure values PID controlled valve Absolute value
exhaust storage
\/" ™%

LTCC MFC (Ipm)| N i tank

Mass flow controller ; Diff, Pres, 51 (nH20)

S

Diff. Pres. S2 (inH20)

(&)

Diff. Pres. $3 (inH20)

[o ]

C4F10 Exhaust

Storage Tank

Abs. Pressure
(inH20)

LTCC Diff. Pressure Gauge [

Diff. Pres. 54 (inH20)

S

Diff. Pres. S5 (inH20)

Diff. Pres. S6 (inH20)

Hall B Forward Carriage|

Gas from the C,F,, supply tank

Buffer tank pressure (PID)

Tuesday, September 13, 2016 26 Review %
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LTCC Gas System Controls: Gas Recovery

LTCC MFC (Ipm)

C4F10
Hall B Gas Shed Y Set it |

C4F10
Flow

LTCC MFC (Ipm)

N, mass flow controller = ?55“-‘
- B

LTCC Dist Unit!
Distillation unit scale — ScaKs»

| car10 Supply CAF10 Supply
C4F1o supply scale Scale (Kg)

27

Tuesday, September 13, 2016

Distillation unit mass flow
controller (C,F,()

Distillation unit temperature

Due to cost, C,F,, (5150 Kg) must
be recovered every two weeks or
as necessary. The procedure for
distillation and recovery is not
done during operations and is
done manually, for the most part.

Review s
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LTCC EPICs Monitoring

{£4 LTCC - Gas System 53 =5 |

0.05 lpm Flow

0.74 iwc Pressure

-0.26 lpm Flow

0.74 iwc Pressure L b ADP’T

0.09 lpm Flow

0.73 iwc Pressure

0.08 Ipm Flow | | | ! » <

¢ 0.73 iwc Pressure v Weight
Weight A : Pressure 23 pas =

Control Il L 0.00F

## #E8 -0.02 lpm Flow : Valve
Pressure 3

Temperature

Pressure 0.00 Ipm N2 Flow

0.69 iwc Pressure i A
-0.14 iwc 0.00 psi C4F10 Flow

#HEHEE
0.29 lpm Flow

cRio Heartbeat: | 0.87 iwc Pressure

CLAS shifters EPICS monitoring screen
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Hall B Gaseous Detectors

Drift Chamber

Low Threshold Cherenkov Counter

High Threshold Cherenkov Counter (CO,)
Silicon Vertex Tracker

Micro-Megas Vertex Tracker

Forward Tracker

RICH Detector

NounsEwNh e
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Hall B HTCC Gas Controls: Instrumentation

Space Frame

hb-crio-sf Network
Swit

Network

Controls
Chassis
A
x ——————————
r————————————— 1 r————————————= 1 e : ';
) o o
3 : Gas Monitoring : 5 : Pressure Monitoring : % | Gas Flow |
< | = | | 2|1 Control |
- |
w | Easidew | o0 | MKS 223b | | | MKS GE250 |
e : Hygrometer (x1) : © ; Differential Pressure : —|—>I Mass Flow I
< | Y8 | = | Transducer (x1) | | | Controller (x1) |
] . L __ !
Tuesday, September 13, 2016 30 Review %
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HTCC Gas Controls: Signals

* Mass Flow Controllers (x1)
—CO, Flow

* Moisture Sensors (x1)
—HTCC Moisture

* Pressure Transducers (x1)
—HTCC Pressure

Tuesday, September 13, 2016 Review QS‘Q
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HTCC Gas Controls: GUI

Differential pressure transducer Downstream Tedlar window

Differential pressure
~0.11 “H,0

HTCC Diff F‘ressure (inH20)

Detector volume ~18K liters

. N, flow ~10 lpm during
Moisture content

Ao t y e testing (volume
ranges rrom ppm to 02 exchange ~15 days)

mid 900 ppm : _ l Set Pt

Flow

Moisture sensor (Easidew Hygrometer) Mass flow controller

Tuesday, September 13, 2016 32 Review
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HTCC EPICs Monitoring

59 HTCC - Gas System §3 =e G

HTCC - Gas System

H20 Concentration

798 ppm
CO2FLow PP

10.14 lpm ~ HTCCBox

MKS 223

0.11 iwc cRio Heartbeat: @

CLAS shifters EPICS monitoring screen
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Hall B Gaseous Detectors

Drift Chamber

Low Threshold Cherenkov Counter
High Threshold Cherenkov Counter
Silicon Vertex Tracker (N,)
Micro-Megas Vertex Tracker
Forward Tracker

RICH Detector

NouhswWNRE
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Hall B SVT Gas Controls: Instrumentation and Signals

Space Frame * Mass Flow Controllers
(x1)
hb-crio-sf Network —N, Flow
Network

Network

=2 Mass Flow

|
|
|
|
MKS GE50 |
|
|| controller (x1) l
|

35 Review %
e
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Hall B SVT Gas Controls: GUI

N, mass flow controller
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SVT EPICs Monitoring

iE4 SVT - Gas System 33 S

SVT - Gas System
w2 supety o (SRR o0

cRio Heartbeat: (:j'

CLAS shifters monitoring screen
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Hall B Gaseous Detectors: Under Development

Drift Chamber

Low Threshold Cherenkov Counter

High Threshold Cherenkov Counter

Silicon Vertex Tracker

Micro-Megas Vertex Tracker (Ar, C4H10, and CF4)
Forward Tracker (Ar and C4H10)

RICH Detector (N2 and Compressed Air)

NOUEWNE
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Hall B MVT Gas Mixing Controls: GUI

Signal List:

 Mass Flow Controllers (x7)
e Scales (x6)

* Pressure Transducers (x2)

Forward MVT

Barrel MVT

DSG will mix 10% C,H,, with a balance
of Ar for the barrel detector and 10%
C,H,,/ CF, with a balance of Ar for the
forward detector.

Controls screens for the MVT were
developed while writing code for the
SVT.
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Hall B Forward Tagger Gas Controls: Signhals

The FT MVT detect will “tee” off of the supplied
C,H,,/Ar along with the MVT barrel detector

Signal List

* Mass Flow Controller (x1)
—FTM C,H,, /Ar Flow
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Hall B RICH Gas Controls: Signals and Status

Signals List

* Mass Flow Transducers (x4)
—RICH 1 N, Flow
—RICH 2 N, Flow
—RICH 1 Compressed Air Flow
—RICH 2 Compressed Air Flow

* Pressure Transducers (x1)
—Air tank pressure

* The gas monitoring is under development with the
detector interlocks

* Equipment has been procured
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Hall B Gas System Software Status

* Drift Chamber
—PID Test complete (February 2016)
—Gas Mixing

= Waiting on completed approval/installation of ASME valve by Hall B
Mechanical Engineering and gas delivery in FY 2017

—@Gas Supply
= Tested during PID testing

* SVT
—Testing completed during SVT noise test in Hall B (September 2016)

* HTCC
— Test completed in TEDF (March 2016)
— Additional testing to be completed after installation

* LTCC

— Test to be completed during leak testing of the detector
= QOctober — December 2016
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Conclusion

* Hall B Gas Controls system will provide controls for the
various gas systems to be used during CLAS 12GeV with
expansion capabilities for future systems

* Instrumentation for controls already installed in hall and at
various test stands, which are currently running

* Testing completed on the SVT
—Other installed systems are waiting for detector installation

* All DSG staff contributing to the project
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Hall B Gas Controls System: DSG Contribution

e System Design/Deve
e Software Code Deve
 Component Researc
* Procurement

* Chassis Design/Fabri

opment
opment

N

cation

e Cable Fabrication/Installation

e |nstallation
* Testing
* Documentation

Tuesday, September 13, 2016
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Tuesday, September 13, 2016

Mass Flow Controllers

GE50a MFC
Flow range .005 — 50 SLM

Min Operation Pressure
varies (10 — 40 psi)

GE250a MFC
Flow range 100— 250 SLM

Min Operation Pressure
varies (30— 55 psi)

46

Review
Hall B Gas System Softwar:

D



https://www.mksinst.com/docs/ur/ge50-ds.pdf
https://www.mksinst.com/docs/ur/ge250-ds.pdf

HTCC Gas Controls

Monitor  Empty

H20PPM  |/\ Temp

3 Vout MKS 223 Vout (Fine)

W Humidity

Diff Pressure ‘[7"; Amb. Pressure |,/

H20 (PPM)
Temperature (C)

Easidew Hygrometer Reading

N2 Flow (Ipm)

Frllarataiels

Tuesday, September 13, 2016

/N Amb. Humid. [/\

(%HY) AIpIWnH quy

0.2+

Wk ielss

Differential Pressure

Pressure

Intake Flow 1

21nssald JUBIqUIY

Pressure (inH20)  Ambient Pressure (inH20)

053587
Temperature (C) Humidity (RH% )

1300 |

Flow(lpm)

10.073

MEFC Override Cntrl
Open
|
Override_position
Open

. N

Normal Closed

HTCC

Gas Monitor
DSG contact info:
M. McMullen (x7738) or B. Eng (x6018)
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DC Gas Controls: Mixing Gas

Mix #1 Ar MFC———>
Mix #1 Flow

Mix #1 co,
MFC

Mix #2 Ar MFC———>
Mix #2 Flow

Mix #2 co, MFC —>

Tuesday, September 13, 2016

Flow control Selector

Gas Shed

A 1OV
R1-3 Mix Tank Mode
o000t |

DC MIX MFC

#1 Ar Set Pt
90

DC MIX MFC

#1 Co2 Set Pt

#1 Mixing Buffer Tank
Pressure (PSI)

Mix #1 Buffer Pressure

#1Ar% DC MIX FLOW

#1 Ar+Co2 SP

o1

| | #1 Ar/Co2 Flow
| (LPM)

DC MFC

R3 Supply ‘
V

#1 Ar Flow
(LPM)

<— Reg. 3 MFC

R3 Supply
Flow (LPM)

#1Co2% DC Supply H20

#1CO2
Flow (LPM)

(PPM)

DC MFC

R1 Supply "0
R1 Supply

200

DC MIX MFC 2ed
#2 Ar Set Pt DC Supply 02

#2 Ar% —
0.6993

<— Reg. 1 MFC

#2 Ar Flow

(LPM) R2 Supply

Set Pt

<— Reg. 2 MFC

DC MIX MFC

#2 Co2 Set Pt
_—
#2Co2%

R2 Mix Tank Press. Mode
—_ -03945

#2TCU

R2 Supply
Flow (LPM)

Flow (LPM)

#2 CO2 Flow
(LPM)

Mix #2 Buffer Pressure

0.4607

#2 Mixing Buffer Tank
Pressure (PSI)
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DC Gas Controls: GUI

Drift Chamber Gas  Drift Chamber Gas Mix/PID LTCC HTCC SVT MVT_Barrel MVT Forward cRIO

__Auto Flow Control
R1-3 Mix Tank Press. Mode b i 3H R3 02
owos [l oe | T ra 20

(PPM) (PPM)
DC MIX MFC #1TCU #1 Mixing Buffer Tank

R @ g : 250.553¢ [0.0247
#1 Ar Set Pt Pressure (PSI) 1 i .

0.15' /

#1Ar% DC MIX FLOW b —_
#1 Ar+Co2 SP DC MFC R3 Pressu [*‘
. 1496
#1 Ar Flow R3 Si - I
(LPM) £ Set ;tppry 4.

F'°“”°‘ o Gas Shed Hall B End Station Gas Shed

. Total volume

Flow (LPM)

R3 Return Flow (LPM)

DC MIX MFC
#1 Co2 Set Pt

Flow (Lpw) USSSe) .
o |t ~80 K liters
#1002 % el ;

| DC Supply H20

#1002 | (PPM)

|6.5583 |

DC MFC

|| R1Si L
DC MIX MFC 0023 | L setpt

#2Arset Pt JEEE]

DC Supply 02 R1 Supply

(PPM) Flow (LPM [ | g
T — 1 |pc mx FLow Mo [ 1.5 tO 2 VOIume S

(PPM)
#2 Ar Flow m #2 Ar+Co2 SP DC MFC

(LPM) ’20—‘ ge?ts:tpply m eXChangeS per day

,,f’;z”s’jf,,"f ooz | I IEEN o0 | (Operations). 0.75
e EXCh a nges d Ownti me R1-2 Return Flow (LPM)

Flow (LPM)
#2 CO2 Flow ]
LPM) -0.6534|

R2 Mix Tank Press. Mode

% R1-2 Pump
E3 R1/2 Prestire (W) |

#2TCU #2 Mixing Buffer Tank
Pressure (PSI)
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DC Gas Controls: R3 Gas Supply Controls

R3 Pressure Vacuum

R3 Pressure controlled valve. PUMp

gauge Return flow

Hall B End Station Gas Shed - transducer

R H20 R3 02
(PPM) (PPM)

fem:?pi%ﬁer e ; 123 [0.0247 |
R3 Supp! <V
upply ) '
SEt p0| nt e = Controlled Vaive R3 Return Flow (LPM)
e Q%

176 %

R3 Pump

With the system
running. Enter the gas

i DC MFC S .
supply set point on the Y . R1-2 Pressure
desired mass flow L™ | , o |
controller. mvu?ﬁl’yw 3 R1-R2H20 R1-R202
_—— R1-2 240gal (PPM) (PPM)
DC pressure will be v o M| |
managed by a PID loop i | 200
written in the code, 00f5 -\ % RU/2 Pressure
. . . 1 Controlled Valve 5 _ W y
which will continuously y 3. R1-2 Return Flow (LPM)
N ade ——y— -
control the position of -"'lsi < C >
. 9 y [27.64|E3 =
the corresponding g R1-2 Pump
X R1/2 Pressure (IWC) :
pressure valve. Mixing Buffer Tank
essure (PSI) I
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DC Gas System Fact Sheet

* DC total volume ~80K liters

*1.5 -2 volume exchanges per day

*R1 - 15 minutes at maximum flow rate (48 slm)
* R1 - 30 minutes standard flow (24 slm)

*R2 - 1.5 hours at maximum flow rate (90 sim)
*R2 — 2.25 hours at standard flow (60 slm)

* R3 — 3 hours at maximum flow rate (120 slm)
* R3 — 5 hours at standard flow (72 sim)
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LTCC gas volume

*~8500 liters per sector
*~51000 liters total detector volume

HTCC gas volume 18 K liters
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DC Gas Controls: Mixing Gas

Thermal el
Conductivity Unit -

DC MIX MFC #1 Mixing Buffer Tank

(TC U ) #1 Ar Set Pt JIG0 Pressure (PSI)
LR f—] | ['oc mix Frow]

0
#1 Ar+Co2 SP
#1 ArFi
e 6o | it
DC MIX MFC [-0.0233] SR (100 |
#1 Co2 Set Pt ]'6—| Flow (LPM)
#1 Ar/Co2 Flow
(LPM) |
CO, % control L

#1 Coz% DC Supply H20

#1C02 “| (PPM)
Flow (LPM) 03119 T
0023 W
DC Supply 02 #i5h
pply
(PPM) Flow (LPM)

DC MIX FLOW |
#2 Ar Flow Ar+Co2 SP
0

#2
2 Set Pt
DC MIX MFC s wians P9
Flow (LPM)
#2 Co2 Set Pt ow

#2 Ar/Co2
 Flow (LPM)

#2Co2%

#2 CO2 Flow
(LPM)

R2 Mix Tank

l04607 |

#2 Mixing Buffer Tank
Pressure (PSI)
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