Structure fabrication: dimensional tolerances
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Copper quadrant structures:

The target is:

- +/-1 um on the shape
| HTD“ W - on parts of 500 mm
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Note: This cannot be
achieve by any present
available technology on
the full size of the part
» regions of necessary

s o accuracy should be re-
SN defined and restricted
2% 0) as much as possible

Longest accelerating structure built ~ +/-3 pm alignment
so far in quadrants accuracy on 2m length
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Why +/- 1 microns precision?

0. Frequency matching (about 4MHz deviation per pm on cavity
radius at 30 GHz, Vg dependent), or insert tuning

1. Longitudinal alignment precision between quadrants: <5 um
alignment error of the irises induces transversal kick on
the beam (220 prad tilt for the structure ~ 1 ym shift/4mm
aperture)

“bookshelfing” error from cell

2. RF - to-beam phase: better than 0.1% (~ 5 ym microns on cavity
shape) to preserve efficiency and beam stability

3.Avoid steps and kinks on the surfaces (field enhancement ) ; Ra
should be below V4 of the skin depth to preserve electrical
conductivity
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Dimensional control on copper quadrants

Measurement: coordinate measuring machine, contact with 0.1N
force, accuracy +/-3 um (at CERN), scan pt. by pt. on the
surface in parallel with RF low power control

HDS6 Circular-thick
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Achieved shape accuracy, milled parts
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Possible sources of the error in 3D milling

-Error on tool diameter, tool length, tool run-out (dynamic
dimensions): characterization means are often
insufficient

-Error on tool shape (U or hemispherical....)

-Tool flexure

-Systematic fluctuation in the cutting condition (chip
formation and forces change along the workpiece with slope
and curvature)

-Tool consumption during machining

On longer parts:

-Thermal expansion of the piece (global + local)

-Temperature stability of the machine tool

-Positioning accuracy of the machine tool over wider range

-Tool consumption during machining even more critical E—
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Longer parts: learning from CTF3 replacement PETS
of 530 mm, prototype PETS of 400mm

In conventional high speed milling
on commercial machine tool with
sufficient range
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Metrology on the ondulation:

left edge

* Zmeas « Zmeas
+ Zmeas * Znom R + Znom
+ Znom x zerr10 ' x zerr10
x zerr10

322 514 32415 516 517

— | Shift 9 pm

<« | Shift 2 um
| | Shift 9 pm ¢ | Shift 7 ym

Face planarity is within 5 ym, so is not just bending!
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PAES0N
CMM: problem of contact sensor

Mag = 1.00 KX HDS11 Al new, iris , 55° File Name = HDS11AK05.tif
EHT =2000kvy  10pm Date :30 Oct 2006

Detector = SE1 | | G. Arnau TS/MME
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Techniques of dimensional
olo]gluge]
of high precision parts :

Needs: verify shape at more than 1 um accuracy, in a volume
of 500 x 500 x 20 mm?3

Non-contact optical profilometer:
+ fast, high vertical accuracy
- “hidden” regions at large slope, low lateral accuracy

Photogrammetry:

+ global view of the part

- low resolution (0.1mm)

- Impossible on shin, high reflectivity surfaces

Contact 3D measurements: presently used
+ same accuracy in all directions

- slow

- force of the sensor
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“Optical” profile

Profiles on optical profilometer (chromatic aberration):
-0.01 um vertical accuracy (lateral only 3 um)
-scan at constant spacing in one direction, fast
-suitable for “smooth” surfaces
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Optical profilometry: excellent for roughness
measurements

2.0mm

\ Subtraction of low

spatial frequencies
of roughness

— Ra=0.2
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Accuracy on accelerating structures:
Present specifications are 5 um shape tolerance
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