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A. Scope

This procedure covers the Assembly and Installation of the Frequency Tuner for the LCLS II 1.3 GHz 9 cell cavity.  

B. Installation Outline
	Tuner Installation Outline 
A. Check the preset components
B. Removal – Right and Left Bellows Brace Arms
C. Alignment of Bellows Brace to 5° and lock Ball Cup Holder in Bellows Brace
D. Right Support Arm and Assembly – Install/Basic Alignment
E. Left Column install – with alignment
F. Left Support Arm – Install/Basic Alignment
G. Piezo Supports and Blank(Dummy) Piezos
H. Set the Support Alignment tool for Arms – sides and twist
I. Step Motor to Left Support Arm – Install 
J. Limit Switch Install
K. Set Step Motor/Main Lever Travel and Limit Switch contacts
· Establish the Minimum Lever/Step Motor Position
· Set the Limit Switch screw for contact
· Establish the Maximum Lever/Step Motor position
· Set the Limit Switch screw for contact
· Set Step Motor Bracket to “Zero Position”
L. Tighten and torque all six bolts on both Support Arms
M. Set the Support Alignment tool for Arms – sides and twist 
N. Align Piezos to Press Frame
O. Connect Thermal Strap, 
P. Remove Blank (Dummy) Piezos
Q. RF TEAM WORK SEGMENT
· Install Piezo 
· Preload Tuner engage Piezos by Adjusting Piezo-alignment screws
· Monitor/Record Cavity Frequency Change
R. Install and Set the Stop Rods
S. Check and Tight all set screws


C. Tooling List – See Photo in appendix

	7/16 nut driver (2)
	
	1/2 Nut drivers (2)

	Left Column Spring
	
	Phillips screwdriver torque tip

	5/64 allen key torque tip
	
	Two 6” 1/2 “open/box end wrenches”

	0.050 allen key torque tip
	
	5/16 4” open/box end wrench

	Two 80 in-lbs. torque wrenches
	
	Allen set-screw torque wrench

	One ratchet in-lb. torque wrench
	
	Support Arm alignment Tool 

	Main Lever Spacer Plate
	
	6” Caliper or 6” steel ruler

	Inch-Pound Torque Driver
	
	Two Alignment Rods

	Stop Rod 0.200 mm Shims (2)
	
	Left Column Alignment blocks (2)

	Two 5 degree Alignment Arms
	
	3 go-no go shims 1mm go - 

	Ceramic Ball Holder compression tool
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Tuner Installation Preparation – Some Tuners Components will be preassembled

	The major components are:

Right Support attached to the Press Frame and Main Lever
side screws (F10008766 ASSY)
 4x HHCS, 5/16-18X1.25LGXFT, SS18-8, --- FC0008503
 4x WASHER, 5/16 -0.343X0.687X0.08, SS316 --- FC0015564
 4x WASHER, 5/16 SPLIT LOCK, SS316 --- FC0018654 
Left Support Arm
Left Column with Pusher block - F10008759 (main assembly)
	x4 - HHCS 5/16-18x1LG xFT , SB --- FC0010533
x4 - 5/16 ext-tooth lock washer ss302 --- FC0049222
Piezos – upper and lower – Blank and Actual
Step Motor assembly
Limit switch upper (Bracket 2) (main drawing F10008766)
x2 - Brass Pan Head Phillips Machine Screws #8-32 1.0LG --- FC10021490
x2- lock washer ext-tooth #8 --- FC0049219
Limit switch lower (Bracket 1) F10006870:
x2 - brass PHMS #8-32 0.5 LG --- F10021488
x2 - lock washer ext-tooth #8 --- FC0049222

Bench Setup 

1.0 Preset components – Components prepared before installation

1.1 Check Hard Stop Set & Pre-Stress TAG is complete and signed

1.2 Press Frame Ball Holders recessed (upper and lower

1.3 Ball Holder on the Left Support Arm flush forward

1.4 All bolts on Right and Left Support Arms are flush to the interior

1.5 Both Stop Rods are configured with double locked nuts

1.6 All set screws are not engaged on bolts in holes

1.7 Step Motor Nut Bracket at minimum on threaded rod (one thread exposed)

1.8 Layout of tools & hardware on cart complete

Component Removal
2.0 Remove the Bellows Brace Arms – Reference document OP - 333863 

2.1 Loosen both bottom screws and the front and back screws on the cavity lug  for both sides of the Bellow Brace Arms

2.2 Remove both side screws on each Bellows Brace Arm

2.3 Carefully release and remove the Bellows Brace Arm slot from the bellows brace.

2.4 Store both arms and bolts.

5° Bellows Brace Alignment
3.0 Align Bellows Brace and install Hardware

3.1 Install five degree right and left arms.
 [image: ]

3.2 Loosen the set-screws over the bolts in the half ring

3.3 Loosen the two bolts holding the Bellows Brace half ring segments together but do not remove.  Loosen until the bellow brace will rotate.

3.4 Install the 5° Alignment tool on the Alignment Arms

[image: ]
3.5 Rotate the Bellow Brace to fit the tab in the upper Bellows Brace slot 

3.6 Tighten the spacer side first.  Alternating tighten the opposite side second.  Continue to alternate tightening and Torque to 60 in.-lbs.

3.7 Tighten the set screws over the two bolts on the Bellows Brace half ring segments

3.8 Remove and store the 5° Alignment tool and alignment arms

3.9 Insert ceramic Ball Holders (top and bottom). 



3.10 Install the force load tool on the Ball and Holder in the Bellow Brace.  Repeat for the lower Ball Holder.  Tighten the Ball Holder set screw (top and bottom).  

[image: ]

3.11 Install the set screw bolts on the Bellows Brace Stop Rod Holder (upper and lower)

[image: ]3.7 Set-screw bolt

3.6 Ball Holder
3.1 Set-screws


Upper Half Ring

Lower Half Ring


3.2 Ring Bolts


START Tuner Assembly:

4.0 Fit the Press Frame in front of the beamline flange and the Main Lever behind the beam line flange across the face of the cavity
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NOTE: The Initial location on each Support Arm for the side bolts should be made using the rod inserted in the Support Arm Hole. The rod should be in front of the Bellows Brace by nominally 0.015”

5.0 Fit the Right Support Arm over the cavity lug.  

5.1 Install the two side screws with nut driver to hold the arm during aligning.

5.2 Insert the Alignment Rod in to the hole in the Support Arm.

5.3 Slide the Right Support Arm so the Alignment Rod is in front of the Bellow Brace halves.  A 1/64 feeler gauge should not fit in between the Rod and the Bellow Brace on both sides but there must be a visible gap. 

5.4 Tighten up the two side bolts and the two bottom screws. (FIRM, not Torqued)
[image: ][image: ]LCLS II Cavity Tuner Version 3

   Right Support Arm Assembly – Side View         Right Support Arm Assembly – Top view

6.0 Fit the Press Frame Left Column to the tuner Press Frame aligning the Pusher Block in to the Left Support Arm slot. 
[image: Left Column][image: ]Left 
Press Frame Column
Left Column
Pusher Block

7.0 Start all four screws in the Press Frame Left Column – finger tighten. 

7.1 Install the upper & lower “Left Column alignment blocks” to align the Left Column to the Press Frame.

7.2 Tighten all thumb screws on the alignment block pushing the Left Column flush with the front of the Press Frame.
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7.3 Tighten the Left Column bolts – torque to 120 in. / lbs.

8.0 Fit the Left Support Arm over the cavity lug align the slot in the center and tighten the two side screws and the two bottom screws. (FIRM, not Torqued)

8.1 Install the two side screws with nut driver 

8.2 Insert the Alignment Rod in to the hole in the Left Support Arm.
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8.3 Slide the Left Support Arm so the Alignment Rod is in front of the slot on the Bellow Brace halves. A 1/64 feeler gauge should not fit in between the Rod and the Bellow Brace on both sides but there must be a visible gap.

8.4 Tighten up the two side bolts and the two bottom screws using a nut driver. (FIRM, not Torqued)  

8.5 Install the coil spring in between the Pusher Block and the Left Support Arm

[image: ] [image: ]



9.0 Spring loaded Piezo Blanks

9.1 Install the brass support rods for the Piezo – two each upper and lower – use the clamp tool to tighten

NOTE:  If misaligned notify supervisor. 
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Alignment of the “Assembled Tuner Frame to the Bellows Brace and Cavity”.

9.2 Install the Upper and Lower “Spring Piezo Blanks(Dummy)” 

9.3   Verify the Piezo alignment between the ball and cup and the bellows brace.  If not in alignment notify your supervisor.

9.3.1 Unscrew the Press Frame Ceramic Ball Holder – The ball must mate with the cup on the Piezo.  Return the Ceramic Ball Holder to its original position.

10.0 Set the Support Arm Alignment tool on the right and left arms

10.1 Check the perpendicularity alignment of the Support Arms to the Press Frame.

10.2 Set the Support Arm Alignment tool in line with the Bellows Brace on the Support Arm.
[image: ]  [image: ]

10.3 Note the gap between the fixture and the support arm for the levelness of the Tuner assembly

[image: ]

10.4 Note the gap between the fixture and the side of the Support Arms for parallel of the tuner.  Tuner might be cocked or toe in/out

10.5 Report any issues to the supervisor

11.0 Tighten the front and back bolts on the Left Support Arm.  

[image: ]

11.1 Torque the bottom and side bolts on the support arm to 120 in. /lbs. Use the crowfoot torque wrenches for these bolts. 

11.2 Torque the front and back bolts on the support arm to a minimum of 60 in. /lbs. 

12.0 Tighten the front and back bolts on the Right Support Arm.  Move both crowfoot torque wrenches in the same direction to tighten, Left side down – Right side up. 

[image: ]
12.1 Torque the bottom and side bolts on the support arm to 120 in. /lbs.

12.2 Torque the front and back bolts on the support arm to a minimum of 60 in-lbs. 

13.0 [bookmark: _GoBack]Wired pair – Lower Limit Switch and Step Motor 

13.1 Install the Step Motor on the Left Support Arm and torque the nuts to 80 in-lbs. 
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13.2 Install the Limit Switch (Bracket1 – Lower) on the Left Support Arm torque screws to 15 in. - lbs.

13.3 Install the Limit Switch (Bracket2 – Upper) End Switch on the Main Lever 

13.4 Move the Main Lever to align Bracket2 plungers with the center of the front leaf and back leaf.  Contact of the plunger to the leaf must be in the center of the leaf for both positions.  Torque the screws to 10 in. - lbs.  

[image: ]   [image: ]
						Switch at centered – Neutral Position

14.0 Set the Minimum position to activate the Limit Switch with the Main Lever

14.1 Install the Lever Spacer on the (minimum side) Main Lever flange side

14.2 Install the ¼ inch spacer on the screw at the motor.
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14.3 Turn the Step Motor Bracket in to match the smallest of one of the two possible positions

14.3.1 The Step Motor Bracket would be in contact with the ¼ “ spacer when bolted to the Main Lever

14.3.2 The Main Lever Spacer is locked in place by the Main Lever when bolted to the Main Lever

14.4 Connect Step Motor Bracket to the Main Lever Arm. Position the Step Motor Bracket as needed to match the Lever position. 

14.5 Adjust by turning the Limit Switch Plunger #1 to initially open the contact.  Secure the set screw on Bracket #2 over Plunger #1.  Remove the Step Motor screw ¼ “spacer.

[image: ]  [image: ]Plunger #2
Leaf Contact
Plunger #1
Leaf Contact

Switch at Minimum                                                       Switch at Maximum

15.0 Set the maximum for the Main Lever

15.1 Disconnect the Step Motor Bracket from the Main Lever

15.2 Install the CAP on the motor screw.  Move the Main Lever Spacer to the Bellows Brace side.  Position the Spacer to make first contact with the Bellows Brace

15.3 Count the turns to turn the Step Motor Bracket out 40 turn or touching the cap. Attach the Motor Bracket to the Main Lever.  Position the Step Motor Bracket as it would be when bolted to the Main Lever.

15.4 Position the Main Lever with the Step Motor Bracket for the MAXIMUM stroke by one of the following conditions.

15.4.1 Step Motor Bracket is out 40 turns without the Main Lever contacting the Bellows Brace.
15.4.2 Main Lever Spacer fits without binding while sliding on the Main Lever.
15.4.3 Step Motor Bracket is in contact with the CAP.

15.5 Adjust the Limit Switch Plunger #2 to initially open the contact leaf. Tighten the set screw on Bracket #2 for Plunger #2.  Remove the Step Motor screw cap.

16.0 Release the Motor Bracket from the Main Lever

16.1 Rotate the Motor Bracket toward the Step Motor to the position 15 turns from the Step Motor set zero point (minimum established position).
Zero point plus 15 minus max turns = return point turns
Max turns -15 = return turns

16.2 Verify the Piezos are still not bound between the Press Frame and the Bellows Brace.

16.3 Attach the Motor Bracket to the Main Lever and torque in to place (80 in. -lbs.)

17.0 Connect the Step Motor Thermal cable to the 2-phase pipe.


18.0 RF Team – Notify the RF team the tuner is installed.
RF team will connect NWA to the cavity and measured cavity frequency – F0. RF expert will monitor frequency of the cavity during next steps and will provide feed-back to tuner installation team… He/she will control that cavity will be not detune during next steps on more than 50 kHz from F0.

18.1 Perform an F0 (f-zero) measurement on the cavity 

18.2 Remove the Dummy Piezos (Upper and Lower.  Give the dummy Piezos parts to the install team.  Remove the spring holding the Pusher Block

18.3 Install the wired Piezos (upper and lower).  Do not permit the Main Lever to “crash” in to the Tuner or the Bellows Brace.

18.4 Install the spring holding the Pusher Block.  Check the fit and alignment of the Piezos.

18.5 Remove the spring holding the Pusher Block.

18.6 Turn in the brass screw-bolt “tuner-pressure-release” till it is engaged with “pusher block”. Hand tight screw. During this step watch (by touching/rotating the piezo-capsule) that piezo-capsules (top & bottom) are not bound between the Press Frame and the Bellows Brace.

18.7 Rotate the Press Frame Ceramic Ball Holder (top & bottom) out evenly to near contact for both Piezos uniformly. Attempt to rotate the Piezo-capsule to gage the load force. 

DO IT SLOWLY --- STOP every 20 degrees of rotation TO CONDUCT Measurement of CAVITY FREQUENCY alternate between the top and bottom

18.8 Compression of the Piezo-capsule by turning out the Press Frame ceramic Ball Holders to create a force on both Piezos to equal but no greater than 30 kHz (~100um compression)

18.9 Secure the Press Frame Ball Holder set screws (Upper and Lower) Torque to 10 in. - lbs.

19.0 (Install Team)

19.1 Install the Upper and Lower Stop Rods

19.1.1 Rotate the upper and lower Stop Rods in using the nut cap – secure the set bolts on the bellows Brace torque to 15 in. / lbs.

19.1.2 Remove the nut cap

19.1.3 Install the Round Nut on the Stop Rod – rotate to the Press Frame 

19.2 Fit the 0.2 mm shim between the Round Nut and the Press Frame.  The shim should be able to move with resistance.

19.3 Lock the Round nut in place with the set screw.  Load the set screw in the hole on the Left Support Arm side only. 

20.0 Tighten all the set screws on the right and left support arms.  Torque to 15 in. /lbs. 

20.1 Three set screws on the Right Support Arm

20.2 Five set screws on the Left Support Arm

20.3 One each on Upper and Lower Stop rod round locking bolt set screws

21.0 Remove the Stop Rod shims
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