Main Injector RF Mode Damper 
Maintenance Guide

[bookmark: _Hlk37764885][bookmark: _Hlk37764503]This guide provides calibration, testing and troubleshooting help for both the single and the dual mode dampers. The main injector passive dampers function to dampen the higher order modes (HOM) of the cavities.  The dampers themselves are designed as a notch filter.  They dampen resonances that are intrinsic to the cavity geometry when tuned to 53 MHz, in this case 128 (127.25) and 228 (227.549) MHz.  These are the HOM frequencies that are dampened out.  The dampers are attached to the blowers on the upstream and downstream ends of each Rf cavity.  The blowers on the downstream end have a gold housing and contain the single mode dampers.  The blowers on the upstream end have a silver housing and contain the dual mode dampers. The single mode dampers also dampen 128 MHz frequency.  The single mode dampers were part of the original MI cavity.  The dual mode dampers were added later, basically a modified single mode damper that addressed the 228 MHz mode as well.  
[bookmark: _GoBack]The dampers consist of an RLC circuit that provides an impedance to a specific frequency.  The capacitive disc couples to the intermediate cylinder of the cavity. The perforated copper screen carries the current of the cavity as it clamps to the sidewall and allows air to flow into the cavity.  The copper strap functions as an inductive tuning adjustment.  The single mode dampers were part of the original Main Ring RF cavity. They dampen the 128 MHz HOM. The electrical circuit image below shows how a 128 MHz single mode damper works in the cavity. In the circuit the resistors absorb the HOM frequencies and dissipate them as heat. The transmitting capacitors and inductor serve as the filter gate. Below is a drawing of a single mode damper. 
[bookmark: _Hlk37737632][image: ] 
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		Single mode damper				Dual mode damper
A drawing of the dual mode damper is pictured below. The three transmitting capacitors (75pF, 75pF and 25pF) in parallel and copper strap (inductor) to the sidewall makeup the 128MHz peak.  The two transmitting capacitors in series (25pF each) and copper strap (inductor) between the top of the damper body and blower comprise the 228MHz peak. 
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Calibration and Testing[image: ]
You will need:
· Main Injector Mode Damper Binder (currently located on the shelf above John Holm’s Desk)
· Test fixture blue box (located on open-faced shelves in the gallery near Station 10)
· Network Analyzer
· High frequency probe (in wooden box in tool cabinet)
· ENI amplifier
· Two 8nSec BNC cables
· Clamp from Radiation cabinet (where the rest of the damper and blower spare parts are kept)



Connect the Damper and the test fixture as shown:
 [image: ]
Clamp the Damper to the blue test box, making sure to keep the port for the probe upright.  Insert high frequency probe into the port.  Connect BNC cables as shown in the drawing above.  The blue test box is just a resonant box that allows you to drive the 53 MHz frequency.  Inside there is a coupling loop that goes from the input side to the side of the box that allows the Rf to be coupled into the box.  
Setting up the Network Analyzer
Connect the network analyzer and 3W ENI amplifier as shown.  The meter on the ENI will read about 30-35 microamps.  
Set up the analyzer as follows:
· measure B/R log mag
· 10db/ Reference -60 db
· 40 MHz to 260MHz
· 1601 data points (sweep setup)
· Set markers at 53MHz, 128MHz, and 228MHz
· Default power setting should be 0dbm (-15 to +10 dbm)
Referencing one of the past network analyzer plots from the binder, will also help to get the scaling set-up correct. See figure 3. Once the network analyzer has been set up, perform an S21 measurement using the HV probe.

Adjusting the Center Frequency

[image: ]
[image: ]
The plots above show a network analyzer S21 measurement from a dual mode damper.  The two peaks are at 128MHz and 228MHz respectively.  On the bottom plot the markers are centered nicely.  After repairs are done, especially when new straps are installed, the peaks will be off the markers substantially and will need to be adjusted, as is the case in the top plot.  To center the 128 MHz peak onto the marker adjust the copper strap that goes to the screw on the sidewall.  Narrowing the width of the strap will move the peak down in frequency.  Shortening the copper strap moves the peak up in frequency.  To center the 228 MHz marker adjust the copper strap that goes from the center to the top where the blower connects. Trimming the strap to make it narrower will move the peak down in frequency.  Likewise using a wider strap will bring the frequency up.  
Make sure to test the damper with the blower attached.  You may need to use all the screws that attach the blower to the damper to ensure you have a good connection between the damper and copper strap.  
Once the peaks match with the 128MHz and 228MHz markers print out a copy and write down the blower serial number and file it in the damper binder.  Update the tag on the damper as necessary.  

Single mode dampers follow a similar procedure.  In order to adjust a dual mode damper, you must remove the entire thing from the test box and disassemble it.  In contrast, single mode dampers can be adjusted while installed in the test fixture.  Adjust them by loosening the outer nuts and watching the peak moved on the network analyzer.  Turn averaging off to accomplish this.  
	 [image: ]







Mode Damper Troubleshooting Tips
· On a dual mode damper, make sure you are getting a good connection between the copper strap and the damper body and blower fixture.  A bad or partial connection can look like this: 
[image: ]
· Occasionally the blower motor copper ground strap will create inductance and interfere with the damper resonance. Simply moving or bending it differently can alleviate the issue.
· On the dual mode damper, make sure to tin plate the copper strap going between the damper body and blower.  Also clean the surfaces where the copper strap makes contact.  The most common failure in these is when the copper strap for the 128 MHz burns up.  Tin plating helps to prevent this.  
· Sometimes the location of the hose clamp that attaches the grounding strap to the blower motor will interfere with the circuit as well.  Adjusting its orientation can help make a cleaner signal.  
· Check the values of the capacitors, make sure the capacitors don’t have a loose screw mount.
· Check the resistor value.
· When assembling the damper make sure that the screw head(s) that connect the resistor(s) to the perforator copper plate is facing toward the pickup.  
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