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[bookmark: _Toc380576983]Introduction:
[image: People collaborating]The purpose of this document is to define limits of operation for the PXIE RFQ power amplifiers and RF distribution.  Beyond these limits, the amplifiers and RF components may incur permanent damage that will limit or end their remaining operational life.  This will be used to define the specifications of the equipment protection interlocks.Figure 1:  RFQ System block diagram.

[bookmark: _Toc380576984]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.  The transmission line is specified to handle the full amplifier power, at full reflection, without external cooling.  The only components in the distribution that require interlock protection, besides the amplifier itself, are the circulator and the circulator load. Figure 2:  Schematic of amplifier and RF distribution within RFQ system.

[bookmark: _Toc380576985]Absolute Maximum Ratings
The following table summarizes the maximum ratings for the RFQ amplifier and RF distribution.  These numbers are based on the specifications for the RF amplifier, circulator, and circulator load.
[bookmark: _Toc380576986]Table 1.  RFQ Amplifiers, Circulators, and Loads Maximum Ratings

	Amplifier
	
	

	
	Maximum Drive Power
	13 dBm

	
	Maximum VSWR - Input
	1.5:1

	
	Maximum VSWR - Output
	2.0:1

	
	Allowable water inlet temperature range
	10-40° C

	
	Maximum water inlet pressure
	125 psi

	
	Minimum water flow rate
	20 gpm

	Circulator
	
	

	
	Maximum Forward Power
	75 kW

	
	Maximum water inlet pressure
	125 psi

	
	Allowable water inlet temperature range
	25-30° C

	
	Minimum water flow rate
	6 gpm

	Load
	
	

	
	Maximum Drive Power
	75 kW

	
	Maximum water inlet pressure
	100 psi

	
	Allowable water inlet temperature range
	10-40° C

	
	Minimum water flow rate
	8 gpm



[bookmark: _Toc380576987]Ratings Analysis:
a. [bookmark: _Toc368572275][bookmark: _Toc380576988]Amplifier:
The amplifier maximum ratings are based on specifications sent to vendors for quote on producing these amplifiers.[1]  The contract was awarded, but construction is not finished at the time of this analysis.  There may be some adjustment when the vendor delivers the amplifiers and understand details of operational limits.  Minimum flow rate is estimated based on total cooling power required.  Specifications state that the amplifiers will have a minimum efficiency of 40% at peak power levels.  This means each amplifier will need about 200kW of cooling and this paper uses a benchmark of about 10kW/gpm of cooling power.
b. [bookmark: _Toc368572277][bookmark: _Toc368572278][bookmark: _Toc368572279][bookmark: _Toc368572280][bookmark: _Toc368572281][bookmark: _Toc380576989]Circulator:
The circulator maximum ratings are derived from the operational instructions received from the circulator vendor.  The maximum inlet pressure specification is made to be consistent with the amplifier.
c. [bookmark: _Toc380576990]Load:
The load maximum ratings are also derived from an operational instruction manual.[3]  This manual sets a cooling specification of 9.5kW/gpm of cooling water flow.  This sets the minimum flow rate required for absorbing the 75kW from the amplifier.
[bookmark: _Toc380576991]References:

[1] Specifications for RFQ Drive Amplifier for Project X/PXIE at Fermilab, Ralph J. Pasquinelli, March 9, 2012.

[2] Instruction Manual:  Liquid-Cooled Coaxial Load Resistor Model 57200B, Altronic Research Inc., Yellville, AR, October, 25, 2006.
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