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I.	Introduction
	This document fulfills electrical documentation requirements set forth by the Electrical Design Standards for Electronics to be used in Experiment Apparatus at Fermilab document and EED/Infrastructure Doc. No:H011228A document published by the PPD/Electrical department.
	The MicroBoone cryogenic system is in the LArTF building at FermiLab. MicroBoone has several large cryogenic and gas components. Cryogens include liquid Argon and Liquid Nitrogen. The LArTF ground level is classified as ODH class 0. The LArTF levels below ground are classified as ODH class 1. 
	This cryogenic system has approximately 500 electronic input sensing devices and 200 output devices. Input devices include RTD’s, pressure transmitters, level transmitters, and thermocouples. Output devices include solenoid valves, variable speed motor controllers, and heaters.
	All electronic and electrical control system equipment is air cooled and does not require any forced air cooling or water cooling. Cabinet air vents are provided for certain devices where appropriate.
The control system equipment components are all commercially available products which are Ul listed. The cryogenic control system has been designed and built following all the required rules and standards such as the NEC. All premises wiring was installed by Fermi Electrical contractors and licensed electricians. 

II.	Cryogenic Control System
a. Description
[bookmark: _GoBack]	The MicroBoone cryogenic system will be controlled by a Siemens S7-400 PLC and an S7-400 Safety PLC. The PLC I/O is connected to both PLC’s with S7-300 associated I/O modules and Siemens 505 I/O modules networked on a Profibus network. These PLC systems are programmed using the Siemens S7 engineering programming software. The overall control system architecture is displayed in illustration 1.
	The standard S7-400 PLC processes most of the MicroBoone logic. The Safety S7-400 PLC processes a small part of the MicroBoone logic such as ODH and the stairwell entry way logic.
	Human machine Interface (HMI) controls will be provided through GEFANUC’s iFIX software. iFIX connects to the S7-400 through Private Ethernet using an Industrial Gateway Server(IGS)OPC driver from the iFIX driver system. iFIX will handle all operator security, computer alarming, and remote operator controls via the PPD-iFIX server. iFIX will also provide historical data through the PPD-iFIX historian. This historical data will be viewable in iFIX picture displays or on the web through the iFIX proficy portal server //on D0-HIST2/proficyportal machine. 

b. Electric Power and Circuit Protection
Sheet 1 of drawing “3942.210.EE-493140 MicroBoone S7 PLC wiring diagram shows the PLC cabinet equipment layout.  It also shows the AC and DC power distribution and circuit protections. All conductors are either copper or tinned copper grade. See Illustration 2.

AC Circuit Conductor:
Min of 12 AWG downstream of 20A or less circuit protection
Min of 14 AWG downstream of 15A or less circuit protection
Min of 16 AWG downstream of 10A or less circuit protection




DC circuit Conductor AWG:
Min of 14 AWG downstream of 15A or less circuit protection
Min of 16 AWG downstream of 10A or less circuit protection
Min of 22 AWG downstream of 5A or less circuit protection


c. Field Wiring Cable Fire Ratings
	All instrumentation field wiring uses plenum rated cable except as noted. Each field instrument is wired using one of the following cables.
Cables flame tested and approved by Accelerator Division:

Custom Cable Corp. 6 conductor/22awg Foil Shielded Plenum Cable 
Item # 11402SF
NEC/UL Specification: CMP, CL3P, c(UL)PCC
C(UL) FLAME TEST:    NEC article 725-2(b)

Custom Cable Corp. 2 conductor/22awg Foil Shielded Plenum Cable 
Item # 11440SF
NEC/UL Specification: CMP, CL3P, c(UL)PCC
C(UL) FLAME TEST:    NEC article 725-2(b)

Custom Cable Corp. 3 conductor/22awg Foil Shielded Plenum Cable 
Item # 11800SF
NEC/UL Specification: CMP, CL3P, c(UL)PCC
C(UL) FLAME TEST:    NEC article 725-2(b)

Belden Cable, 1 pair, 22 AWG, shielded, FEP insulation.
Manufacturer Part No:88761
NEC/UL Specification: CMP
UL FLAME TEST:  NFPA 262
C(UL) FLAME TEST:    FT6

Belden Cable, 2 pair, 22 AWG, shielded, FEP insulation
Manufacturer Part No: 82723
NEC/UL Specification: CMP
UL FLAME TEST:  NFPA 262
C(UL) FLAME TEST:    FT6

Cables not flame tested by Accelerator Division:

Qty 3: Mass Flow Controllers, FCV657, FCV667A,FCV663
Fermi Stock # 1170-062000  AWG 22/10 Conductor	
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Illustration 2

III.	Field Devices and Components

a. Liquid Argon Pumps
	i. Description
	The Liquid Argon Pump Variable Speed Drive (VFD) is a commercial unit designed to run a standard AC 3 phase motor at variable speeds given a standard control analog input signal. The VFD unit is a Toshiba inverter model #VFS11-4007PL-WN. A discrete input will direct the VFD to the off or run mode. The S7 PLC will monitor various Argon system process parameters and provide programmed interlocks and speed control from the S7 PLC.
	ii. Electric Power and Circuit Protection
The VFD is fed from premises power with a disconnect within sight of the VFD and motor. The VFD will be programmed with the motor data. The VFD has numerous internal motor protection settings which will interlock the motor power upon a fault. See Illustration 3.

b. Sieve Regeneration Heater
	i. Description
	Heater 1 is a commercial 3KW watt Watlow in line gas heater. This heater has an analog power control circuit for variable power control. There are three hardwired heater interlock temperature protection circuits which will kill heater power independent of the analog control. The first hardwired interlock is the heater’s internal “k” thermocouple which is hard wired to a limit control device with an independent power disconnect relay. The second and third hardwired interlocks are RTD’s placed in the two copper Sieve beds which is hard wired to a limit control device with an independent power disconnect relay. These limit control devices have a mechanical dial which sets the high temperature trip limit temperature. The first limit control device will protect the heater element from destructive high heater temperatures caused by equipment malfunctions and operator errors. The second and third limit control devices prevent sieve bed overheating. The PLC system also monitors sieve internal temperatures and provides a set of heater interlocks controlling an independent power relay which can kill the heater power.
	ii. Electric Power and Circuit Protection
	Heater 1 is fed from premises power with a disconnect within sight of Heater 1. The heater control box is hardwired to premises power. The heater control box has internal fuses on the heater power circuit and the control circuit. The downstream conductors are sized and rated to meet the minimum current capacity of these fuses. See illustration 4. 


c. ODH Control System
		i. Description 	
The MicroBoone ODH system has four MSA (Mine Safety Appliances Company) O2 heads. Two O2 heads are located at the lower pit level just above the floor grating. One O2 sensor is at the detector platform level also known as the intermediate level. One O2 sensor is at the ground level near the garage opening to the hibay.
The O2 Sensors are MSA model A-UltimaX-PL-A-14-03D2-0000-100 and have a span of 0-25%. Each O2 sensor is wired to an MSA electronic controller which provides an analog output signal wired to the S7 Safe PLC. This MSA electronic unit also provides relays which have three O2 level alarms thresholds, 18.5%, 18%, and 17.5%. The relay output that is set at 18.5% is wired directly to the ODH system hardware which controls the warning horns, strobe lamps located in LArTF and FIRUS. The MSA electronic unit also provides a trouble relay output which is also wired to the PLC and FIRUS. The trouble output is wired in a failsafe manner, such that loss of power or blown fuse to the ODH controls will generate a trouble alarm.
The S7 Safe PLC prevents entry into the pit during an ODH event or loss of stairwell pressurization via magnetic door locks on the stairwell entry gates.

	ii. Electric Power and Circuit Protection 
The MSA equipment is wired directly to its own self-contained control circuitry in its own enclosure which can be seen in illustration 5. This self-contained enclosure has its own power supply which is independent of the PLC control system, allowing the ODH system to function independently of the PLC control system. The power for this ODH system comes from the UPS. See Illustration 5.

d. Ventilation
	i. Description
EF1 is a 7500 CFM fan that pulls air from the grating level in the pit and exhausts it outdoors. Full Speed is 2127 RPM @ 60 Hz. EF1 has a variable speed drive that constantly runs at a low speed of 200 RPM when not in emergency mode or test mode. The EF1 Variable speed drive also has a high speed input directly connected to the ODH system and the PLC in parallel. Either the ODH system or the PLC can call for emergency speed ventilation which runs the fan motor at 60Hz which is full speed or 7500 CFM. The ODH system and PLC high speed input to the variable speed drive are wired in a failsafe manner such that loss of either signal will cause the EF1 drive to run at high speed.
The PLC tests EF1 at full speed daily and 600 RPM every hour, and continuously monitors flow at the normal low speed and test speeds. EF1 ducting has a velocity probe and a flow switch connected to the PLC system. 

	ii. Electric Power and Circuit Protection
	EF1 is powered by a 480VAC, 3 phase circuit on generator power. EF1 power was installed by FermiLab electricians. See Illustration 5.

d. U.P.S
	i. Description
	The control system U.P.S. is a Powerware 9170 6 slot modular unit. This unit currently has 2 x 3KW power modules and two battery modules occupying a total of 4 of the 6 slots. The total maximum output in this configuration is 6 KW. 
	ii. Electric Power and Circuit Protection
	This UPS unit is hardwired into the building generator emergency power panel. The UPS has its own 30 circuit load panel which distributes 120 VAC single phase power to all the control system loads. All UPS power and load circuits were wired by FermiLab electricians. See Illustration 6.




[image: ]
Illustration 3


[image: ]


Illustration 4

[image: ]

Illustration 5

 [image: ]Illustration 6




IV. References
	a. Drawings
3974.200.ME-466281 MICROBOONE P&ID Piping and Flow Diagram Rev. J
3974.200.ME-489772 MICROBOONE Process Control System Architecture
3942.210.EE-493140 MICROBOONE S7 PLC wiring diagram
3942.210.EE-493148 MICROBOONE ODH System Wiring Diagram
3942.210.EE-493149 MICROBOONE Filter Regen Heater Wiring Diagram
3974.210.EE-493518 MICROBOONE Filter Skid RTD Wiring Diagram
3974.210.EE-493648 MICROBOONE Filter Skid RTD Connector Wiring Diagram
3942.210.EE-493141 MICROBOONE Liquid Argon Pump Wiring Diagram
3974.210.EE-493130 MICROBOONE Cryogenic Controls UPS System
3974.210.EE-493674 MICROBOONE EF-1 Wiring Diagram



	b. Documents

Electrical Design Standards for Electronics to be used in Experiment Apparatus at Fermilab


EED/Infrastructure Doc. No:H011228A

Engineering Note: MicroBoone Control Logic written by Bill Noe


image2.emf

image3.emf

image4.emf

image5.emf

image6.emf

image7.emf

image1.wmf

