ELECTROMAGNETIC, THERMAL,
AND STRUCTURAL ANALYSIS OF
RF CAVITIES USING ANSYS

2.1 GHz 3-Cell Cavity

Job Name: 2.1ghz_Symmetry 4-25-15
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Overall Layout

EMI ESSENTIALS

FINGERSTOCK
CUSTOM STAMPING

Laird's extensive product line solves hundreds of EMC problems. But cach austomer pmblem is unigue.
O of our standard praducts may not predisely meet your needs. Often @ modest motificatio
in one of aur existing products will save your problem quickly, effectively and econamically.

‘Consider thesa modification passibilities:

+ Special fnishes + Addition of bends, slots, holes
+ Substitation of an alloy with difering properties = Changes in width of mounting surfaces
+ Special lengths or coifs + Remaral of fingers

« Adjustment in base thicknesses

Let ane of our application engineers show you a full range of medifiedstandard possitilties

CONTACT STRIPS / CONTACT RINGS

Contact sips are used for grounding end shielding in high-frequency equipment FEMALE RINGS MALE RINGS

and for forming lerge diameter comtact rings.
A wide variety of berylium copper contact srips provides engineers and 1

designers with fiesitilty in solving grounding and shieiding problems. Various

lengths, widths, thicknesses, contours and hole locations are possible for

many of the Stancerd catalog ftems 1

The Iarge variety of Sizes and Shapes Of CONtaC fings fiers engineers & wise

choice in meeting design requirements for micowave cavities, tuning, shielding
and grounding applications. Rings ére mad from strp stock formed into an
unciosed i which, when assembled, becomes a complete fing

est Catalog for a complete:
lsing o Conac s nd Contac Aings, nciuing s umbers and imencions.
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Copper Braze Joints

Waveguide
& o e Diamond tool for milling and turning
e Suggested RF surface < or equal to 0.2
micrometer or 8 micro inches
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RF, Thermal and Structural Simulation

CAD Model RF Analysis




RF Analysis

Symmetry
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RF Analysis

Frequency: 2114781678.364 Hz 6,423,586 Elements

CRITICAL AREAS: 0.0008 m BODY AREAS: 0.0015 m VOLUME: 0.005 m

* Regions near coupling slots, nose cones, waveguide and
tuner are especially important for accurate frequency
prediction

v'"Mesh density enhanced 6x in this region
 Maintains accuracy while keeping solution time convenient



RF Analysis

284,799 Nodes




E-sum Nodal Solution

NODAL SOLUTION

ANSYS

R14.5

APR 27 2015
STEP=1 07:31:52
SUB =1
FREQ=.211E+10
EFSUM (AVG)

RSYS=0
SMN =.131E-05
SMX =1.12392

.131E-05 249762 .499522 . 749283 .999043
124882 .374642 .624402 .874163 1.12392




H-sum Nodal Solution

NODAL SOLUTION

STEP=1

SUB =1
FREQ=.211E+10
HSUM (AVG)
REYS=0

SMN =.855E-10
SMX =.004394

ANSYS

APR 27 2015
07:35:00




E-field along beam axis

M\ ssUM  Command

Ez path from -0.146m t0 0.207m | SUM ALL THE ACTIVE ENTRIES IN THE ELEMENT TABLE

STEP=1 TABLE LABEL TOTAL
_ HSUM 4253 _86
SUB =1 EFSUM A.193394E+@7

FREQ=.211E+10 Eﬁggsn azéggggglz—aa
PATH PLOT H_SQUARE  3.62165
EFY E_SQUARE  786761.

UH_ELM A.318AA3E-15
UE_ELM A.318B89E-15

POSTI1




Thermal Analysis

e Must determine scaling factor for power dissipation -> used
the integral of the E-field along the beam axis also the
stored energy as a comparison

Scaling Factor = sqrt(U,so/U,ngys)

=3902790.61
e Thermal loads
v'Calculated heat flux on walls from RF solution (H-field) HF =% * H2* R
v'Cooling channel convection
[meter] [meter] [meter] Afm~2  surfacereR= 0.01132 SF 3902790.61
MNODE X Y z HSUM H5caled Heat Flux
1 0 5.05E-02 -1.00E-02 9S.99E-04 3.90E+03 8.60E+04
2 0 -5.05E-02 -1.00E-02 1.00E-03 3.91E+03 8.64E+04
4 -7.97E-04 5.05E-02 -1.00E-02 1.03E-03 4.03E+03 9.21E+04
6 -1.39E-03 5.05E-02 -1.00E-02 1.01E-03 3.95E+03 8.82E+04
8 -2.39E-03 5.04E-02 -1.00E-02 9.94E-04 3.8BE+03 B.531E+04
10 -3.19E-02 5.04E-02 -1.00E-02 1.00E-03 3.92E+03 B8.70E+04
12 -3.98E-03 5.03E-02 -1.00E-02 1.02E-03 3.99E+03 9.00E+D4
14 -4.78E-03 5.03E-02 -1.00E-02 1.03E-03 4.03E+03 9.18E+04
16 -5.57E-03 5.02E-02 -1.00E-02 1.03E-03 4.01E+03 9.10E+D4
18 -6.36E-03 5.01E-02 -1.00E-02 1.06E-03 4.14E+03 9.69E+04
20 -7.15E-03 5.00E-02 -1.00E-02 1.07E-03 4.1BE+03 9.88E+D4
22 -7.94E-03 4.99E-02 -1.00E-02 1.04E-03 4.07E+03 9.38E+04
24 -B.73E-03 4.97E-02 -1.00E-02 1.05E-03 4.08E+03 9.44E+04
26 -9.51E-03 4.96E-02 -1.00E-02 1.04E-03 4.05E+03 9.28E+04
28 -1.03E-02 4.54E-02 -1.00E-02 1.04E-03 4.06E+03 9.35E+04
30 -1.11E-02 4.93E-02 -1.00E-02 1.06E-03 4.13E+03 9.67E+04

32 -1.18E-02 4.91E-02 -1.00E-02 1.06E-03 4.14E+03 9.72E+04




Freq. 2.1147816GHz
U @ 250KV 0.0096875 J

Est. Power Loss @ 200KV =5927.630773 W

Est. Power Loss @ 250KV =9261.923084 W

Aaa—a I T I

ANSYS Workbench Total Est. Power Loss including Tuner 9413.78 W

Est. Power Loss on cavity surface 8728.58 w

Est. Power Loss on tuner 685.2 W

Est. Power Loss on window == TBD W

>> For the window, Binping has not finish the design to
Workbench reaction: move the window further away from the cavity.
-4706.89 W for > model
Scaling Factor = sqrt(U,so/Uaneys) 11274 W
= 3902790.61 .

-342.6 W -2867.7 W

-166.83 W
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Nose Cone and Coupling Slots Cooling

* Numerous engineering analyses carried for design validation




Nose Cone and Coupling Slots Cooling

‘

Table 1 - Maximum Recommended Water Velocities for Specific Materials

Water

Low carbon steel 10 fifsec
Stainless steel 15 fiisec
Aluminum G fi'sec
Copper 8 fifsec
90-10 Cuproniclkel 10 fifsec

70-30 Cupronic kel 15 fifsec




Thermal Simulation

3403 K : Worst Case
' Water Ambient Temperature : 305.15 K
# 8494
oD ID X=y R
15.88 9.52 3.18 1.5 mm

0.625195 0.374802019 0.125196 0.059055 in

Flow 3 GPM
h 12131 W/m”2-K
Velocity 8.71  Ft/sec
h= 24262 Al/mA2-K h= 13153  W/m"2-K
ID= .1875 in Dh= .2634 in
Flow 1.5 GPM Flow 1.5 GPM

Velocity 17.43 Ft/sc Velocity  8.83 Ft/sc



Structural Simulation

Fix Support

Sliding and Rotating Support



Structural Simulation

Without vacuum & displacement on one end Coupling Slots Sizing: 0.0005m

Body sizing: 0.001m

Radial thermal expansion:
0.0014”

9267 psi



Frequency Shift and Tuning

ﬂ Error £3

=7

Mare than 3 faces with Lab = SHLD in the SF/SFA command are is
prohibited for the element 9858690.

Proceed -

P




Water Cooled RF Window

DEVELOPMENT OF A 50 KW CW L-BAND RECTANGULAR
WINDOW FOR JEFFERSON LAB FEL CRYOMODULE

Basic design of the window Main elements of the window Completed window

e The ceramic was ground from AL-995 material and metallized with a conventional
tungsten-manganese process.

 The ceramic was first brazed to the copper eyelet using 50-50 coppergold alloy.

 This assembly is then brazed to the copper plated stainless steel flange using copper-
silver eutectic alloy.

e After brazing and leak checking, the ceramic window is coated with 35 of chrome oxide
on the vacuum side to prevent multipacting.



Current Progress

= Cavity engineering design nearly complete - finalize with input
from design review and final RF simulation

» Thermal, RF and mechanical analyses are nearly complete

Additional Tasks

Perform additional analyses
*Tuner RF/heating analysis

* Window and waveguide design

* Frame design and support system

Complete of overall layout of 2.1 GHz Cavity
Generate drawings for RFP

Write documents for RFP (SOW)



Thanks

Silvia Verdu Andres

Binping Xiao

Chen Pai

Steve Bellavia

Chris Cullen

Andrew Lambert (Berkley National Lab)
Tom Schultheiss (AES)
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Nose Cone and Coupling Slots Cooling




Worst Case
Water Ambient Temperature : 305.15 K

341.02 K

oD ID X=y R
14.22 9.53 2.35 1.59 mm

0.559841 0.375195719 0.092519 0.062598 in

Flow 3 GPM
h 12131 W/mA?2-K
Velocity 8.71 Ft/sec

h= 24262 W/mn2-K
ID= .1875 in
Flow 1.5 GPM

Velocity 17.43 Ft/sc



250 KV

Without vacuum & displacement on one end Body sizing: 0.001m

Coupling Slots Sizing: 0.0005m

-0.0011903
-0.00138

-0.0015696 Min

-1.3294e-003 O

Radial thermal expansion:
0.00133”

13464 psi



Nose Cone and Coupling Slots Cooling

Table 1 - Maximum Recommended Water Velocities for Specific Materials

Water

Low carbon steel 10 fifsec
Stainless steel 15 fifsec
Aluminum G fifsec
Copper 8 fifsec
90-10 Cupronickel 10 fifsec

70-30 Cupronickel 15 fifsec




250 KV

.m0 (m)

237,78 K - Worst Case T
' Water Ambient Temperature 305.15K
oD ID X=y R
15.88 9.52 3.18 1.5 mm

0.625195 0.374802019 0.125196 0.059055 in

Flow 3 GPM
h 12131 W/mA?2-K
Velocity 8.71 Ft/sec

h= 13430  W/mA2-K
Dh= 0.2604 in
s =i ‘ Flow 15 GPM

0025 0015

Velocity  9.03 Ft/sc



Without vacuum & displacement on one end

nnnnn

13252 psi

250 KV

arsn

Coupling Slots Sizing: 0.0005m

Body sizing: 0.001m

-0.00077433
-0.00083693
-0.001069

-0.0012411
-0.0014131 Min

-1,3369e-003 O

Radial thermal expansion:
0.0013”



Nose Cone and Coupling Slots Cooling




250 KV

Tirne: 1
6/6/2015 6:51 AM

Tirme; 1
6/2015 f:51 AM

392.67 Max

392,67 Max
383,09
383.00 3735
3135 36391
363.91 35432
35432 34473
34473 335,14
335,14 325,55
325.55 315,96
315.96 306.38 Min
306.38 Min

Worst Case
392.67 K

Water Ambient Temperature : 305.15 K

X X

Tirne: 1
6/6/2015 6:51 AN

# 8494

392.67 Max
343,08

ELER)
363,91
354.32
144,73
335,14
325,55
315,96
306.38 Min

oD ID X=y R
15.88 9.52 3.18 1.5 mm

0.625195 0.374802019 0.125196 0.059055 in

Flow 3 GPM
h 12131 W/mA?2-K
Velocity 8.71 Ft/sec



250 KV

Without vacuum & displacement on one end Coupling Slots Sizing: 0.0005m

Body sizing: 0.001m

0.0039874
0.0034178
0.0038481

1.0022785
00017050 [T 435036003 3

L] pa0ttzns

0.00056963

0 Min

-0.00014357
-0.00040661
-0.00066966
-0.0009327

-0.0011957
-0.0014588
-0.001721%
-0.0019%43
-0.0022479 Min

Radial thermal expansion:
0.0022”

37773 psi



1
ELEMENTS

2 1 ghz apdl full geo 6-10-15--Static

ANSYS

R14.5

JUN 12 2015
11:54:38




COMPONENTS
> JUN 12 2015

Set 1 of 1 . 11:31:05
~ VOLUME (Ele

2 1 ghz apdl full geo 6- c Structural




B Mecharseal APOL 145 Output Wndow -

ET WITH DRIVER MAHE ] i 1 APHIC PLANE
| E FROM F . A5

PLEASE WAIT...

ANSYS)

¢ ELEMENT

ﬂ Error 52 | &
Mare than 3 faces with Lab = SHLD in the SF/SFA command are is B
prohibited for the element 9858690.
Proceed f
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