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[bookmark: _Toc368572270]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 input couplers. Figure 1 shows a block diagram of the PXIE RFQ system.  The input couplers transform power from the power amplifier into the higher impedance RFQ resonator.  It also acts as a RF power transition between vacuum and air.[1]
[bookmark: _Toc368572271]Description:Figure 1:  RFQ System block diagram.

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 input coupler serves four different functions for the RFQ.  It acts as a TEM transition from the RF amplifier coaxial distribution.  It acts as an impedance transformer between the RF coax and the RFQ, so the amplifier sees a matched load during operation.  It provides a RF window to isolate the RFQ vacuum pressure from the air pressure of the RF coax.  It also provides a bias voltage to reduce the chance of multipacting in the RFQ around the coupler.
Figure 2 shows a solid model of the input coupler design, and figure 3 shows a simple schematic of the input coupler and its interfaces.  The DC voltage is stopped from entering the RF amplifier with a blocking capacitor.  If the capacitor should fail, an inductor upstream of the block can route the DC current to ground.  Similarly, the capacitor on the output of the DC supply protects the supply from the RF power.
[image: ][image: C:\Users\steimel\AppData\Local\Temp\F10007684.jpg]Figure 2:  Solid model of input coupler design.

[bookmark: _Toc368572272]Key SpecificationsFigure 3:  Schematic of RFQ input coupler and transitions.

The following table summarizes the important specifications for the input coupler, derived from the PXIE RFQ Input Coupler FRS.[1]



[bookmark: _Toc368572273]Table 1.  Summary of RFQ Specifications

	Physical 
	
	

	
	Horizontal excursion from RFQ body below 2.5m height
	≤0.4 m

	
	Vertical excursion from coupler flange
	≤1.4 m

	
	Orientation of power input (can use RF elbows if necessary)
	Up

	
	Approximate Weight
	~50 lbs

	
	
	

	RF
	
	

	
	Frequency
	162.5 MHz

	
	Duty factor (CW)
	100%

	
	Intrinsic impedance of input
	50 ±5%

	
	Maximum RF power input
	75kW 

	
	Maximum VSWR
	

	
	Nominal cooling water temperature
	30 C

	
	
	

	Vacuum
	
	

	
	Gas load (per coupler)
	< 10-5 torr*l/s

	
	
	

	Operational
	
	

	
	Sparking rate for conditioned coupler
	< 2/hour

	
	Couplers will not multipactor over specified operating range.
	

	
	
	

	
	
	



[bookmark: _Toc368572274]Hazard Analysis:
a. [bookmark: _Toc368572275][bookmark: _Toc368572276]Mechanical:
There are no exposed moving parts in the PXIE RFQ input couplers.  The only hazards are static.
[bookmark: _Toc368572277][bookmark: _Toc368572278][bookmark: _Toc368572279][bookmark: _Toc368572280][bookmark: _Toc368572281][bookmark: _Toc368572282]Large Suspended Objects:
The total weight of each input coupler will be on the order of 50 lbs.  The couplers will be installed in smaller pieces weighing, at most, about 16 lbs.  Lifts or hoists will not be required for installation, but supports for the operating couplers will require review.
Vacuum Vessel
There are no independent vacuum pumps for the input couplers.  They are designed to connect to some vacuum sealed cavity with pumping ports.  The coupler vacuum sections become part of the cavity vessel.
High Temperature Air
The input couplers use forced air to cool the coupling loops and RF chokes in the DC block.  Outlet temperature of the air is expected to reach about 80̊ C with internal peak air temperatures in excess of 100̊ C.  This is well above the threshold for skin burn,[2] and personnel approach to the input couplers during high power operation should be restricted.
Noise Levels
Forced air exhausted at high velocity has potential for high noise levels.  OSHA regulations require sound monitors for noise levels above 85dB.[3]  Air exhausted from the input couplers will be muffled by pneumatic silencers that are specified to 74dB noise level at an air flow rate 10 times that required for loop and choke cooling.  
b. Electrical Contact:
The input couplers receive electrical power from two different supplies, the 162.5 MHz RF power amplifier and the high voltage DC bias.  While connected to the RF distribution and RFQ, the input coupler should not pose a contact hazard to any personnel.  The main hazard comes from disconnecting input coupler components from the RFQ or distribution.  A special LOTO procedure is required to deal with multiple sources.  Also, the capacitance in the coupler could store over 1J of potential energy from the high voltage supply and will require an analysis or procedures to insure that the charge is dissipated before handling.
c. Non-ionizing Radiation:
During operation, the input couplers are designed to transport all RF power that is sent to it from the power amplifiers.  However, the couplers require fairly precise tuning of components to properly attenuate RF power through the DC bias and DC block choke.  Only a small part of the coupler is under vacuum when connected to a cavity, so vacuum leaks will not act as a first indication of a RF leak.  An RF antenna will be installed in the beam enclosure prior to operation and commissioning of the input couplers and will disable the amplifiers if large levels of RF power are detected propagating in the open air.
d. Ionizing Radiation:
The input couplers do not have independent vacuum pumps and must connect to a cavity with its own pumps.  Potential x-rays produced by the coupler in vacuum will be in conjunction with the cavity and can be analyzed in the context of the cavity only.
[bookmark: _Toc368572283]References:
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