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Consequences of PSH

/

Intra pulse effects:

» Heating surface in E+B area
enhancing arcing?

» Heating in surface
Imperfections (crack, scratch)
* Increased ohmic losses

» Change of Workfunction

IS\

Long term/accumulative effects:
 Surface extrusions and tips
» enhanced probability for el.
Breakdown?
» influence on RF-performance?
 Surface intrusions
» preferred sites for fatigue crack
Initiation
* Surface cracks
» obstacle for currents; enhanced
probability for el. breakdown
* Increase of dislocation density in
surface
* Nano sized field emitters (?)
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@ Outline of the talk

- Introduction Pulsed Surface Heating (PSH)
- Experimental and Results
- Discussion of Results

- Summary and Outlook
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Origin and nature of PSH 1 i
C—
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» Pulsed magnetic field induces currents
* Superficial Joule heating

= cyclic heating and cooling phases
For conductivity of copper: AT = 60 K

= 0 = 0 MPa to 150 MPa (comp.)

— Heated layer depth several um

Surface magnetic field distribution
in HDS cell (Courtesy A. Grudiev)

Estimated CLIC life time 2x1010
cycles @ 50Hz (= 20 years of
operation)

=> No mean to test a “real”
structure under “real” conditions
for whole life time!
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=> Biaxial load case!
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@ Observation material C10100 (OFE Copper)

40% cold worked (HO02)
* Round bar cold rolled:

@ 40 mm and @ 100 mm

* Ry, = 316 MPa

* R, =323 MPa

*GS: @110 um

2h@1000 °C
» Heat treatment in vacuum furnace:

300 K/h -> 1000 °C; 120 min hold; Natural
cooling in vacuum

*Ry,~ 72 MPa
-R.. = 257 MPa
Markus Aichel
. GS: @ 1400 um ot 2010

BDWS
2010




RF heating device (SLAC Stanford)

2

- Thermal fatigue due to RF heating

- Mushroom cavity @ 11,4 GHz

- Repetition rate 60 Hz l

- Pulse length 1.5 ps 8
- 2 x 10% Pulses @ 50 MW

-AT,., =110 K ¢ £ = 1.8*1073

- Round disc diameter 100 mm

- Continuous radial distribution of AT

TE,, ;-like mode

E o [H|

- Q,=~44.,000
(Cu, room temp.)

Photos: Sami Tantawi
Presentation 23 Jan. 2008

material sample
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@ Hardening in RF fatigue Cu [100] single crystal 1 { )
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Hardening in RF fatigue OFE Cu (hard and soft!)
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@ Laser fatigue device L \ (/C/

' - Thermal fatigue through irradiation
—ld - OPTEX Excimer Laser; A = 248 nm

. - Repetition rate 200 Hz
™ i

5

‘ - Pulse length: 40 ns

N - 5 x 10° shots @ 0.3 J/cm?
38 AT =280 K & ¢ = 710

- Round disc diameter 40 mm

- 25 discrete spots per disc

[
—
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Hardening and roughening on Cu OFE 2h@300°C 1 ~
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@ Crystallography

A cube with atoms on its corners and its Plenty of these elementary cells
faces (so called face centered cubic FCC)

Grain

(elementary cell)

Crystallographic description of directions: Crystallographic description of planes:
Normal vector of planes!

Anisotropy: direction

7 N
dependant properties

[1 1 1] 010

(001) (100) (©10)
X .

[1 0 O] aon {110) o11)

y 110] Primary slip system
(111) with ['110] D) a1y ) Markus Aicheler
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Roughness developing on main orientations

2

S

- 5 x 104 shots @ 0.3 J/cm?
-AT=280K & ¢ =7*103
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Roughness developing on main orientations
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A Hardness and roughness on main orientations 1 \ 4 J
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Discussion thermal fatigue results
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=>[110] severe roughening / hardening
=>[111] moderate roughening / hardening

=>[100] low roughening / hardening

Possible explanations:

1. Isotropic thermal expansion causes due to anisotropic module different
shear stresses (Tj100; < Tia11) < Tpaao)

2. Different Schmid factor configurations on slip systems (active slip
systems: [100] = 8; [111] = 6; [110] = 4)

3. Different dislocation substructures form as a function of out-of-plane
orientation (multiple slip => more stable structures)

I
1 O

T4 [111] —_——

1

|deal example: L Schmid factor

(in reality much more S=T/0

complex...) ¥
|
I
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Summary and Outlook

= Quantification of long (medium) term surface degradation

—=Crystallographic orientation of Cu has strong influence on surface behaviour
(roughening and hardening) during thermal cycling

= Grain boundary configuration very important for surface behaviour in GB
vicinity (needs additional work)

= Combination of different available fatigue techniques allow description of non
standard fatigue load case in CLIC accelerating structures

Long term/accumulative effects Intra pulse effects

\ /
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Thank you for the
attention and have a
nice weekend!!!

KJ
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C10100 2h@1000 _EP_Probe5 C5 Virgin Surface
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C10100_2h@1000 EP_Probe5 C5
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C10100_2h@1000 EP_Probe5 C5
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A C10100 2h@1000 EP_45°Probe3 C1
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C10100_2h@1000_EP_45°Probe3_C1

2um EHT =20.00 kV Signal A = SE2 Date :1 Sep 2009 M. Aicheler
— WD = 10.4 mm Mag= 2.00KX  Time :9:50:09 EN-MME-MM
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EHT =20.00 kV Signal A = SE2 Date :1 Sep 2009
WD =10.4 mm Mag= 2.00 KX Time :9:46:54 EN-MME-MM

Aicheler
07.05.2010




