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Cavity version Based on 704MHZ_v7
Gap Voltage: 430KV
Dissipate power: 36.3 KW (max)
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Comparison of the two versions
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Configuration of 704 MHz cavity

water loops

#

\ Tuner Port }l\f

Gap Voltage: 430KV
Heat Load: 36KW



With flanges and water fittings

By S. Picataggio



End product drawing (1)
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End product drawing (2)

By S. Picataggio



Copper main body with Water cooling loops

Cavity Heat Load: 36 KW

Cooling Estimates:

Water flow rate: 20 gpm

Flow loop: 4 in parallel

T water : 27°C inlet
37°C outlet

Delta T: 10°C

T water average: 32°C

H: 13,500 W/m?C

Flow speed: 3.0 m/s

Pressure drop: 20 psi




One possible method of Fabrication

Will be similar to ALS cavity (LBNL)
RF coupler port

/ spherical body section

pick-up port

end cap

|
beam pipe
extension

tuner port

Figure 44 ALS third harmonic cavity assembly.
Center piece to be made from plate >> surface finish and water loop Machined
>> EB welding>> water seal cover by thick plating (Electro-forming)



Complete Copper main body by EB welding

Main body and two beam pipe caps can EB welding
be combined by EB welding

W=11.4" 10




704 MHz Main Body

Main body can be machined from
6.5” thick forged copper plate
Opening Ports can be made by EDM

Forged copper plate, C10100
ASTM B 601 M11 temper
(Hot forged and Quenched)
20”x20”x6” Wt. 620 lbs
$6,210/ea, 8 weeks
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704 MHz end plate

End plate can be machined from
forged copper plate
Opening Ports can be made by EDM
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Shell will be electro-formed with water fitting in place

T of shell= .4” (10 mm)
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“Very good electro-forming company”
Referred by R. Rimmer T A.). Tuck Comps

A.J. Tuck built a cavity for LBNL
is still exist in Connecticut
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Analyses of Cavity Properties

1. RF Calculation:
Frequency, Q factor, E and H field distribution, emf,
Surface Heat Loss distribution.

2. Thermal calculation:
Use heat loss results from RF calculation to get
temperature distribution.

3. Structure calculation:
Use temperature results from Thermal calculation to get
Thermal expansion and thermal stresses

4. Final RF calculation:
Use expansion results from Structure calculation to get
RF frequency change due to thermal expansion



Section View of integral FE model of 704
MHz cavity Tuner at O position
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Electrical field plot (normalized) when tuner at 0 mm

Frequency: 700.634612 MHz

Q-factor = 34943.5274 AYs
Surface loss=6.790271896E-10 W

Gap voltage:
EMF along beam line

=0.100296838 V
(normalized)
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RF-model —generate—3tatic Structural (DS)

Scale factor:
645.6KV/0.100296838 V
=6.437x10°

OCT 18 2015
10:03:01

PLOT NO. 1.
NCDAL, SOLUTTICH
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FREQ=.701E+09
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SMX =1.1205
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E field along beam line
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Magnetic field plot (normalized) when tuner at 0 mm
Frequency: 700.634612 MHz

Surface loss=6.790271896E-10 W

Gap voltage:
EMF along beam line
=0.100296838 V
(normalized)

A

RF-model —generate——Static Structural (D5)

Scale factor:
645.6KV/0.100296838 V
=6.437x10°

Q-factor = 34943.5274 ANDTS

ot 19 2015
10:04:32

PLOT NO. i)
NCDAL SOLUTICON
STEP=1
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Magnetic field plot (normalized) when tuner at 0 mm
Frequency: 700.634612 MHz

_Q-factor = 34943 .5274 e
~ Surface loss=6.790271896E-10 W R14.5

Gap voltage:
EMF along beam line
=(0.100296838 V

(nogjl}i{zed)

Scale factor:
645.6KV/0.100296:
=6.437x10°

OCT 19 2015
10:07:45

PLOT NO. i
NCDAL SCLOTICH
STEP=1

BlE =1
FREL= R0 +02
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Heat Flux distribution due to surface loss (normalized RF calculation)

Surface loss=6.790271896E-10 W

ANSYS

Scale factor from
surface quality

=1.3

Scale factor:
645.6KV/0.100296838 V
=6.437x10°

=5.386x1013

Total Scaled up

RF-model —generate——Static Structural (D5) =36.5749 KW

OCT 19 2015
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Thermal load as Heat Flux distribution from scaled up RF surface loss

Surface loss from RF calculation=6.790271896E-10 W

ANSYS 14.5.7
OCT 19 2015
Scale factor from 15:59:21

surface quality B !

=1.3 EER. B

Scale factor:
645.6KV/0.100296838
=6.437x10°
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301943
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Final Heat flux scaled up by
=(6.437x106)2x1.3
=5.386x1013

Total Scaled up Heat loss
RF-model generate—Static Structural (D) C CI7AQ

=2
=0 0757
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Temperature distribution of water cooled body

‘Max. T: 64.05°C At corner of coupler port ANSYS 14.5.7

OCT 19 2015
Note: Tuner heat is not in 15:30:19

PLCT NO. 1
NCDAL SOLUOTICN
STEP=1

SUB =1

TIME=1

TEMP
TEPC=1T.9759
SPR. =35:.2329
SMX =04.0512

X =.749267
YV =.,398456
v =.2438591
*DIST; 291614
—= 012258
2T
009619
754 61819

b

3

BELEECNN %zwa

57.6471 °C

Water flow rate 20 gpm

T water : 32°C (avg)

H: 13,500 W/m?C

Total heat input: 35.538 KW

(Note: heat in tuner: 1.032 KW not mcIu&ed)

RF-model generate—Static Structural (D5)




Structure analysis based on temperature distribution

Thermal expansion of body

Delta L (linear s

14 mm
RF-model generate—Static Structural (05)

ANSYS

R14.5

um):

G 20 2015

14 Rl

FLOT NO. 1
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Structure analysis based on temperature distribution

Thermal expansion of Cavity shape

RF-mcdel—generate—>Static Structural (D5)

.14 mm

ANSYS

R14.5

Delta L (linear sum):

QCT 20 2015
11:58:47

PLOT HNO. 1.
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Structure analysis based on temperature distribution

Stress due to temperature gradient

Max. St

oqv: 4,954 psi

RF-model generate—=Static Structural (D5)

ANSYS

R14.5

QCT 20 2015
11:55:55

PLOT HNO. 1
NCDAL SCLUTTCH
STEP=1

SUB =1

TIME=1

SMY =.15684
SMX =34.1788

o=l
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*VF  =.0128
CAPPED Z-BUFFER
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30.3986
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MPa

Sy of copper: ~10,000 psi
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Expanded cavity RF properties:
Electrical field plot (normalized) when tuner at 0 mm

Frequency: 700.492704 MHz
Q-factor = 34940.1833

Gap voltage:
EMF along beam |
=0.100292904 V
(normalized)

ANSYS

R14.5

A

Frequency change due t«
700.492704 MHz (expan
=-.141907 MHz (reduce(

RF-mcdel—generate—>Static Structural (D5)

QCT 20 2015
13:48:53

PLOT NO. 1.
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STEP=1

SUB =1
FREC=.7O0E+09
EFSUM (AVG)
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0
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)
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Summaries: (Tuner at 0 mm)

RF results: (hormalized value)
Frequency: 700.634612 MHz
Q-factor = 34943.5274
Surface loss=6.790271896E-10 W
Gap voltage along beam line
= 0.100296838 V (normalized)

Scale factor from E field:
Scale factor: 645.6KV/0.100296838 V

=6.437x10°

Scale factor due to surface quality
=1.3

Total Scaled up factor for heat loss
SF=(6.437x106)2x1.3 =5.386x1013

Total Heat Loss=36.5749 KW



Summaries (cont.):

Thermal Results:
Total Scaled up Heat input
=36.5749 KW
Heat input in body: 35.538 KW
Heat in tuner: 1.032 KW (not included in calculation)

Water flow rate 20 gpm
T water : avg. 32°C (inlet: 27°C, Outlet: 37°C)
T Room : 32°C
V of water: 3.0 m/s
H coefficient: 13,500 W/m?2C

Max. T in the copper body
=64.05°C At corner of coupler



Summaries (cont.):

Structure results:
Thermal expansion
Delta L (linear sum): .14 mm

Thermal Stress due to expansion
Max. Seqv: 4,954 psi
Sy:10,000 psi (copper yield strength)

RF Frequency change due to thermal expansion:
(Tuner at 0 mm)
Original frequency: 700.634612 MHz
Expanded frequency: 700.492704 MHz
Frequency change: -.141907 MHz (reduced)
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