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[bookmark: _Toc380577109]Introduction:
[image: People collaborating]The purpose of this document is to identify and describe remedies for potential personnel hazards that may arise during the commissioning and operation of the PXIE RFQ.  It includes only the hazards specific to the RFQ amplifiers and power distribution.  Figure 1 shows a block diagram of the PXIE RFQ system.Figure 1:  RFQ System block diagram.

[bookmark: _Toc380577110]Description:
[image: ]The RFQ design incorporates two RF input couplers to provide the total power required for beam acceleration, and each coupler has a dedicated RF amplifier power source.  The purpose of the amplifier system is to amplify and transport RF from the LLRF system to the RFQ input couplers.  Figure 2 shows a block diagram of the RFQ, RF drive.  The scope of this document is enclosed in the dashed box.  The primary hazards of the system are associated with commissioning and maintenance. Figure 2:  Schematic of amplifier and RF distribution within RFQ system.

[bookmark: _Toc380577111]Absolute Maximum Ratings
The following table summarizes the important specifications for the amplifiers and RF distribution.  These numbers are based on the specifications for the RF amplifier, circulator, and circulator load.
[bookmark: _Toc380577112]Table 1.  RFQ Amplifiers, Circulators, and Loads Maximum Ratings

	Amplifier
	
	

	
	Maximum Forward Power
	75 kW

	
	AC Power
	480V 3 60Hz

	
	Output Connector
	6-1/8” 50 EIA coax

	Circulator
	
	

	
	Maximum Forward Power
	75 kW

	
	Approximate Weight
	400 lbs

	
	Connectors
	6-1/8” 50 EIA coax

	
	
	

	Load
	
	

	
	Maximum Drive Power
	75 kW

	
	Approximate Weight
	50 lbs

	
	Input Connector
	6-1/8” 50 EIA coax



[bookmark: _Toc380577113]Hazard Analysis:
a. [bookmark: _Toc368572275][bookmark: _Toc368572277][bookmark: _Toc368572278][bookmark: _Toc368572279][bookmark: _Toc368572280][bookmark: _Toc368572281][bookmark: _Toc368572276][bookmark: _Toc380577114]Mechanical:
There are no exposed moving parts in the PXIE RFQ amplifier and RF distribution.  The only hazards are static.
[bookmark: _Toc368572282][bookmark: _Toc380577115]Large Suspended Objects:
The amplifiers are very large objects that will rest on the floor of the facility, so there should be no hazard from the amplifiers once they are in place.  However, the load and circulator (and other transmission line components) will be installed at approximately ceiling height (~9’ off the ground).  The total weight of each circulator will be about 400lbs and each load about 50lbs. Lifts and hoists will be required for installation, and the design of the support structure will require review.
[bookmark: _Toc380577116]Forced Air Temperature and Noise Level
The amplifiers will have both water and forced air cooling.  The air temperature around the amplifier will not go above 40°C during full power operation.  Also, noise level will be kept under 85dB to avoid occupational hearing loss.
b. [bookmark: _Toc380577117]Electrical Contact:
While RF components and transmission line are properly connected, there should be no electrical hazard due to external contact with the amplifier or other components.  If the distribution needs to be disturbed for maintenance or reconfiguration, all RF power sources need to be disabled and LOTOd for safe access.  Each power amplifier uses a single, 480V breaker for wall power and does not require a special procedure for LOTO.  However, the RFQ design requires that two power amplifiers drive the RF distribution system simultaneously.  When that system is configured, a special LOTO procedure will take effect to deal with the multiple power hazards.
c. [bookmark: _Toc380577118]Non-ionizing Radiation:
[bookmark: _GoBack]While RF components and transmission line are properly connected, there should be no hazard due to RF power broadcast into the air.   However, the system may develop leaks during the reconfiguration and commissioning process.  An RF antenna will be installed close to the amplifier and RF distribution components prior to commissioning and will disable the amplifiers if large levels of RF power are detected propagating in the open air.  
d. [bookmark: _Toc380577119]Magnetic Fields
The circulator utilizes a fairly powerful permanent magnet.  The circulator has magnetic field warning labels on its body stating that no metal objects should come within 4” of the device.  When the devices are not mounted in place, they will have warning rope around them, so people do not get too close with metal objects.  When the objects are mounted, we will confirm that walking paths in the area of the circulator have static fields below 0.5mT.  If they are higher, warning signs will be placed under the circulators.
[bookmark: _Toc380577120]References:
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