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Outlook

e PETRA Il overview

 DCCT problem, calculation, simulation,
solution

o FCT problem, simulation, solution
e Summary
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PETRA Ill overview

Parameters:

new Experimental Hall

@ circumference: 2304 m
@ energy: 6 GeV

@ emittance: 1 nmrad
@ emittance coupling : 1% (10 pmrad!)

@ current: 100 (200) mA
® # bunches: 40/ 960

¥

|

“wm e @ straight sections: 9
@ undulators: 14

@ undulator length: 2,5, 10 (20) m

@ supplement to X-FEL
=> cost effectivel

Courtesy Gero Kube
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DCCT

DC Current Transformer

Measurement of beam
current

Setup consists of pipe,
ceramic, core, bellow,
shielding |
Temperature Sensor near WA ==
bellow
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DCCT Problem at 2010

 Two cases of operation with different temperatures
at the current monitor observed

o Case 1: 1,=85 mA, N=160 Bunches gives about
70°C

o Case 2: 1,=65 mA, N=40 Bunches gives about
130°C

e Questions:

1. Why case 2 higher temperature?

2.  Why temperature high?
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DCCT: Answer 1
e Power P =1Q K.
| Is mean beam current
e Qischarge =1At
e Atisbunchdistance=t/N
e ti1s PETRA Il revolution time = 7.685 ps
* K, IS Voltage loss per charge for a structure
e ResultinP =12tk /N
e P,/P,=0.43
» Because P, Is higher the temperature is higher!
* Compare: Pe_xrep max/P»=0.0001
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Setup DCCT

PEEK

AlMg3

H-metal
Stainless Steel
CuBe

Iron

ceramic

In CST imported model from
A. Delfs, MDI, DESY
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DCCT: inner setup

Bellow shielded, but results in a resonator
Ceramic coated with Molybdenum.

When a charged particle moves through DCCT, it looses energy due to gap=8.2 mm!
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DCCT simulation

1. Wakefield simulation with beam: get loss factor
2. Elgenmode of setup: get field distribution of losses

3. Thermal: input power and field distribution (all
power will be used for heating), get temperature
distribution
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DCCT: Wakefield and Eigenmode
Simulation

Setup: only vacuum part because
of coated ceramic

Wake loss factor with 13.2 mm bunch
length results to k,,.;=39.1 V/nC
->pP,=13.6 W, P,=31.7 W

Eigenmodes observed: highest loss
factor of several V/nC with mode that
has highest field amplitude between
shielding and bellow

Type E-Field (peak)}
Honitor Hode 1
Component Abs

Haximum-3D 1.99785e+808 U/m at 1.98
Frequency 1.98488

Phase 8 degrees

Field distribution of mode with highest loss factor
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DCCT Temperature Distribution P,

Included: heat conductivity of all
materials and heat radiation

No special cooling available, next is
4.2 m away. Therefore cooling applied
at the end of both beam pipes at 2.1 m

No cooling in x and y

Here maximum
temperature of 107 °C

Type Temperature
Maximum-3D 187.445 °C at 59.7333 / -1.85892e-8689 / 11.6
Frequency [{]

Source Field Fower Factor 7.86023e-086

Source Field Frequency 1.908488 GHz

32.3
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DCCT: Temperature distribution
shortened P,

°C

186

96.5
88.4
80.4
¥2.3
64.3
56.2
4.2
La.1
32.1

208.8

Type

Mazximum-3D  105.88 °C at 59.7333 /7 -1.65 Egh:éﬁg}f;! 11.6

Frequency a LB z
Source Field Power Factor 7.86623e-0806

Source Field Frequency 1.98488 GHz

Here the distance to cooling is only 200 mm, T,,,,=106°C, because heat radiation
along pipe acts like a cooling, therefore this shortened model can be used

Measured 130°C; Simulation underestimates temperature by 18%, reason: mesh,

perhaps higher loss factor in reality
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DCCT: Temperature distribution P,
with airflow

[}
L]

87.

80.
i3.
67.
61.
54,
LE.
h2.
35.
29.

LY - - B N I - - O - Y o B -~ B R Yy |

28.

Type Temperature
Maximum-3D  87.543 °C at -2.75587e-885 / 51.6667 / 11.6
Frequency a e

Source Field Power Factor 7.86023e-006
Source Field Frequency 1.98488 GHz

Here the simulation box increased with cooling at X i, max @Nd Yiinmax: T max feduces
from 106°C to 87.5 °C
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DCCT: Temperature distribution P,

Q
o

1

54,
51,
47.
43.
4a.
36.
32.
29.
25.

T e e e

28.

Type Temperature
Haximum-3D 50._8457 °C at 59.7333

Frequency a ‘
Source Field Power Factor 3.81835e-B86

=

Source Field Frequency 1.90488 G

Airflow switched off.
Lower Temperature because of lower power

Measured 70°C, simulation lower by 16%
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DCCT: 1. proposal of smaller gap

Smaller gap = 1.7 mm should reduce energy loss
Gap near chamfer to result in good energy transmission
Kioss = 15.1 VInC
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DCCT: 1. proposal Eigenmode
distribution

usm

1.65e8

E-Field {peak)

Hode X4

Abs

1.76719e+088 Usm at 17.8626 7
2.50803

8 degrees

Field amplitude near gap
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DCCT: 1. proposal temperature
distribution P,

=g

54.5
58.8
47.5
44.3
1.8
37.8
34.6
31.3
28.1
24.9

208.8

Type Temperature
Maximum-3D 54.5665 °C at -51.666F Ff -3.38218e-812 /7 -16.8417
z

Frequency (]
Source Field Power Factor 1.89479e-0085
Source Field Frequency 2.50883 GHz

Maximum temperature reduced from 106 °C to 55°C (remember: simulation
underestimates temperature)
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DCCT: 2. proposal without coating

gap = 1.7 mm symmetrically below ceramic
Ceramic without coating to result in higher energy transmission

Kioss = 26.6 VINC, because gap is deeper without coating
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DCCT: 2. proposal temperature
distribution P,

-]
[r]

G
- S T R O O )

Temperature
85.234 °C at -46.
a

d Power Factor 2.57647e-086
d Frequency B.662877 GHz

e

0327 7 -39 / 11.6

Maximum temperature reduced from 106 °C to 85°C (remember: simulation
underestimates temperature)
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DCCT: 3. proposal with coating and
additional shielding

Shielding of resonator
Kioss reduced to 4.4 V/nC, because influence of resonator avoided (P,=3.6 W)

No resonance found below cutoff (2.44 GHz)
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DCCT: 3. proposal temperature
distribution P,

°C

31.3

368.1
29.8
27.9
26.9
25.8
24 .8
23.7
22.6
21.6

208.08

Type Temperature
Maximum-3D 31.2946 °C at -3 / -51.6667 F -3._1875
Frequency) a

Maximum temperature reduced from 106 °C to 31°C (remember: simulation
underestimates temperature)
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DCCT: solution

One of the proposals is realized:

Reduced gap

SR Shielding of the bellow is realized.
Temperature decreased from 130°C with
|=65mA to e.g. 80°C with 1=80mA and
N=40 bunches.

|
- L —
N —
i — :

e
e

N

e

I
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Fast Current Transformer: FCT

In 2011 FCT was
broken

Question: find reason

Probably too high
temperature

FCT: fast responds
therefore higher
signal for shorter
time necessary

Core and ceramics ,. |
delivered by FCT Flange with cooling

company on back side: 33°C
Temperature sensor on body
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FCT: simulation setup

Bellow Gaps due to flanges

simplified

core

No
cooling

i

cooling

Al,O,  Gap length = 2.4 mm measured
flange Old drawing: 1.6 mm

flange ECT

D. Lipka, MDI, DESY Hamburg; 30.01.2013; Workshop: simulation of power dissipation and heating from wake losses at Diamond



FCT: wakefield simulation result

Setup simplified to simulate only Wake potential, convolution
Interesting region Integral results in loss factor
Kioss = 34.5 VINC

1D Results'Particlk Bearns'PartideBeam 14 Wake potential

0.06

Mo e @

Wi(s] /(W /pC)

-0.06 t ; t : t t t
-80 -60 -40 -20 0 20 40 60 30

=/ mm

P=1Q Ky =I2tkg/N=47.9W with | =85 mAand N = 40
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FCT: Eigenmode simulation result

- Dominant field distribution
shows strong electric field in e ﬂ
gap e

* Kk Of this mode results in woves |
25.2 VInC 44 s |

- Difference to wakefield - - riten
results carried by higher order j | e 1
fields L .

« This mode will be used for ot
thermal simulation and scaled R -
to the wakefield power x;m

Type E-Field (peak) . f
Monitor Hode 2 ey £
b4

Haximum-3D  9.90859e+808 U/m at B8.978947 / 48 / 4.5
Frequency B.785278
Phase 8 degrees
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FCT: thermal simulation result

193

181
171
161
151
141
131
121
111
101
98.5
88.5
78.5
68.5
58.5

48.5
33.8

Settings: thermal conductivity and
radiation with respect to the
material properties

» Core get highest temperature:
193.1 °C

e Body: 64.9 °C (measured
74°C)

Type Temperature
Maximum-30D 193.128 °C at -17.6831 F -51.6667 7 9.
Frequency a

Source Field Power Factor 2.49598e-0886

Source Field Frequency B.7085278 GHz
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FCT: reason for core temperature

Afm

« Magnetic field amplitude | 1-aes
maximum at core position, ‘ 1-28e5
see distribution on right e
plot vevce W

« Core is thermal isolated to
the other components of
the simulation (except due
to thermal radiation)

73091 1
63955 1
54818 1
45682 1
36546 1
27409 1
18273
9136

‘tgpgz H-Field {peak}
Honitor  Hode 2
Hazinum-3D 146182 A/m at -1.95789 7 48 / 12.65
Frequency A.7085278

Phase 90 degrees
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FCT: after dismounting

* Melting of inner
materials observed

e Assumption: inner
temperature was above
300 °C

« Simulation does not
verify such temperature
with used boundary
conditions: more power
or lower cooling
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FCT: variation of beam current

e Maximum temperature at core as a function of beam current,
40 bunches in storage ring

Maximum Value of Plot_Temperature (THs), Scalar

220 1

/°C

x
© 200 4

160 4
140 4

120 4

80 4

60

0 4

20
0

Current

/A
Maximum beam current temperature about 230°C
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FCT: influence of air cooling outside

Simulated air cooling around
body by introduction of T=const.
after 1 mm transversally with air
surround

193

175
160
145
130
115 1|
1688
85.5 T
8.5 7
55.5

Result: core lower temperature of
0.2°K and body lower
temperature by 10.9°K

33.0

Therefore: higher influence to

body temperature but negligible .., ... Y
influence to core temperature  wiumey o o T T e,

Source Field Power Factor 2._49598e-886
Source Field Frequency 0.7085278 GHz
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FCT: interim solution

« Keep additional hole
open and added air
cooling to this hole by
small tube

e Temperature on body
decreased from 74°C to
50°C with 40 bunches

and no damage

D. Lipka, MDI, DESY Hamburg; 30.01.2013; Workshop: simulation of power dissipation and heating from wake losses at Diamond




FCT: final solution

e Company changed
Isolation of core
material

e 2 additional holes with
connectors for air
cooling

e Temperature sensor on
Ccore
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Summary

« Simulation of wake losses to get loss factor

 Calculation of induced power with loss factor and
machine settings

« Simulation of Eigenmodes to get loss distribution

« Optional: thermal simulation to get temperature
(thermal boundary condition)

* When power >~10 W (my private suggestion):
— Change geometry or

— Add cooling: P between 10 and 100 W air cooling, above
water cooling

D. Lipka, MDI, DESY Hamburg; 30.01.2013; Workshop: simulation of power dissipation and heating from wake losses at Diamond



Thanks to
Maike Pelzer, Klaus Knaack, Reinhard Neumann

Thank you for your attention!
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Homework

e CST 2012, windows 64 bit server, 2 core from 8
used

« WAK solver: 4.2e-4 ns steps, time duration 3 min
24 s

e Eigenmode: time duration 42 min, 23 S

¥
ZAX
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Homework: Eigenmodes

Template Based Postprocessing

General Results |

I Select Template Group...

IAdd new poztprocessing step...

Settings...l Delete I Duplicatel Ewaluate |_|_| Dielete All | EvaluateAIIl

At I

Cloze |

Help

Result name Type Template name Walue l;l

1| R over O beta=1 [Mode 1] ao 3D Eigenmode Result 1615516714

? R over 0 beta=1 (Mode 2] oo 3D Eigenmode Result 2.E01318016

? R over O beta=1 [Mode 3] ap 3D Eigenmaode Result 28374233 e-007

T F over ( beta=1 [Mode 4] ao 3D Eigenmode Result 5442401336

? F over [ beta=1 [Mode 5] ao 3D Eigenmode Result 10.67254373 Q
g | A over O beta=1 [Mode B) ap 3D Eigenmode Result 2 h85710129e-008

? R over O beta=1 [Mode 7] ao 3D Eigenmode Result 03166451617

? F over [ beta=1 [Mode 8] ao 3D Eigenmode Result 2.38501 5007 e-007

? R over [ beta=1 [Mode 9] ap 3D Eigenmode Result 204906381 e-006

ﬁ R over O beta=1 [Mode 10) ao 3D Eigenmode Result 1615105627

F Frequency [Mode 1) ap 3D Eigenmode Result 2500362801

E Frequency [Mode 2] ao 3D Eigenmode Result 3.BE1388251

ﬁ Frequency [Made 3] ao 3D Eigenmode Result 4003345707

14| Frequency [Mode 4) oo 3D Eigenmode Result 4 BRETFE219 G H Z
15| Frequency [Mode 5) ao 3D Eigenmode Result 5034432947

E Frequency [Mode 7] ao 3D Eigenmode Result R.7261196497

F Frequency [Mode 10) ap 3D Eigenmode Result B.3505202:31

ﬁ kloss Model ao Mix Template Results 126,901 096

ﬁ klozz Mode2 ao Mix Template Resultz 98 9538828

5 klozs Mode 3 ac Mix Template Resultz 3. BEBE02034e-006

5 kloss Mode 4 ap Mix Template Results V/n C

5 kloss Mode 5 ao iz Template Resultz 1E8. 7358145

5 klozs Mode 7 ao Mix Template Resultz 5 B9E1860E3

E klozz Mode 10 ap Mix Template Results 322 2264022

E e bz [£] 1DC Evaluate Field in arbitrary Coordinates

E (-Factor [Perturbation] [Mode 4] ap 3D Eigenmode Result 1787.5541495

E [-Factor [Perturbation] [Mode 10) ao 3D Eigenmode Result 2087 367542

5 (3-Factor [Perturbation) [Mode 5) oo 3D Eigenmode Result 2794.612861

E (-Factor [Perturbation] [Mode 11 ap 3D Eigenmode Result 9637593314

5 O-Factor [Perturbation] [Mode 2] ao 3D Eigenmode Result 1119951155
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4.5e+007

Homework: Eigenmodes

Mode 4: field strength along particle trajectory
| made tube longer such that field is not cutted by tube

e_Abs (Z) [Resl Part]

4e+007 1

3.5e+007 1

3e+007 1

2.5e+007 1

2e+007 1

1.5e4+007 1

1e+007 4

Se-+006 1

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

0

-100 -80 60 -40 -20 0 20 40 &0 30 100

Z/mm
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Homework: Eigenmode

5.6%+08
4. 66e+03
3.62e+03
2,5%e+03
1.55e+08

0

-1.95e+08
-2, 9%e+08
-3.62e+08
-4 66e+08
-5.6%+08

Mode 4 E {peak)
Camponent:
30 Mazximum: 5.69%e+05
Frequency: 4,669
Phase:

Field amplitude highest at strip corners
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Homework: WAK solver

Kigee = 857 VINC

1D Results\Particle Beams'\ParticeBeam 1YWake potential

15 T T T T
: : : : Reference Pulse
x
v
z
(%)
[=%
e
z
=
z
=
-1.5 : ; t +
0 50 100 150 200

-50
s/ mm
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