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Basic Shape of RF cavity

AN

| ELEMENTS
TYPE NIM

Tuning plate .
Corrugations to

prevent multipacting.

16 ports in the bottom.

8 ports for RF
instrumentations.

8 ports for structural
reinforcement and cavity

// support.

Up to 2.5 MYV on gap.

Material: High RRR
Niobium plate T= 3.0mm
Min. Yield strength:

/

7000 pst Reentrant cavity geometry Damper port
with beam along the cavity (current design
: is rectangular)
axis. > -urfice of

NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY



Design Goals

1. Meet physic requirements

2. Feasible and Reliable Structure

3. Easy and Controllable Mechanical Tuning capability

4. ASME Pressure Vessel Code Compliance

5. High Natural vibration Frequency, > 60 Hz and higher

6. Low Sensitivity to Helium Pressure Fluctuation < 1 Hz/mbar

7. Low Lorentz Detuning.
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RF Cavity Vessel and Reinforcement

AN ‘
. . DEC 2 2008
- Torispherical Head 10:05:05

\j PLOT MNO. 1

]—rr TOW AT T

Purpose:

1.Let tuning plate free from
helium/vacuum pressure.
2.Reinforce the corrugation.
3.Increase the natural
vibration frequency.
4.Reduce the sensitivity of
helium pressure fluctuation.
5.Reduce the magnitude of
Lorentz detuning.

16 stiffeners

8 ports for dampers and
instrumentations . Other 8
ports are support base for

cavity when attached to 7 Office of
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Dimension of RF cavity Vessel

6786 [1723.08]
02,68 [1337.99]

2310 [586.64]

E 1992 [506.02]

1525 [387.3/H
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_ Helium Vessel
Bellow interface between RF

Ports welded to the

cavity and helium vessel

Material:

Titanium grade 2
T=.25 in (helium vessel)
T=.020 in (Bellow)
Min. Yield strength:
35,000 psi

BROOKHFAJEN

NATIONAL LABORATORY

base of helium vessel

RF cavity attached to helium

vessel in two places:

1. Welded to the bottom of the
Helium vessel in 16 ports.

2. Joint the upper pressure
head with a bellow.
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Tuning plate and Tuner Connection

Connecting plate with bellow. This plate is
connected to the tuner mechanism

1. The upper cavity has a separate
torispherical head cover the tuner
plate to take helium and vacuum load.

2. Thetuning plate is free from vacuum
and helium pressure.

3. The Tuning connection is through a
driving plate which is movable
between two bellows and connected to
the tuner mechanism.

4. A set of threaded rods will reconnect
the beam pipe through this bellow-
plate-bellow structure.

Tuning plate
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S6 MHz RF Cavity/Helium Vessel Support

Self centered Nitronic rods Space Frame
will be used to provide
both radial and axial E— Tuner

supports for helium vessel

° ° Heat Shield
Cryostat
wall o o
Helium vessel support
Nitronic Rods
Helium .
vessel Office of
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56 MHz SRF Cavity Cryostat Layout

Helium supply port Helium vess.el
Helium vessel support support, Axial

Radial S
Tuner plate pace Frame

\ 4] 1k 14/

_— ;
el | ||
|
Cryostat Cavity/Helium Heat Shield Thermal
vessel Transition
Fundamental (Cooling loop
Note: For clarity Magnetic shields and damper with bellow)
super-insulation layers are not shown . "
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ASME Pressure Vessel Code Compliance

Failure Mode Categories:
1. Stresses Induced by Mechanical Load

a. Maximum Pressure (External and Internal)
b. Weight of the Vessel

2. Stresses Induced by Combined load

a. Mechanical Load (Primary)

b. Thermal load (Secondary)
3. Buckling Prevention (External pressure)
4. Fatigue Evaluation

(Note: Stress to be checked is equivalent stress (Von Mises stress)

Allowable Stress:
1. Primary membrane: allowable is 2/3 of yield strength.
2. Local membrane plus Bending: 1.5 time of allowable (yield Strength)
3. Combined Stress: Primary + Secondary (Thermal and peak):
3 times of allowable (2 x yield strength)
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Material:

Nk W=

RF Cavity/Helium Vessel Finite Element Model

o — Finite Element program used: ., ..
— ANSYS '16:55:2%
T NO.

Element type:
Shell element, 281

Helium vessel: Titanium grade 2, t=.25in
RF cavity body: Niobium, t=.118 in

RF cavity head: Niobium, t=.1875”
Bellow: Titanium: t=.020 in

Stiffener: Ni-Ti: t=.375 in
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Helium Pressure Loading Surfaces

AN

OCT 21 2008
09:05:32
PIOT NO. 1

| ELEMENTS

20 psi applied in all purple colored surfaces
a. Helium vessel under Internal pressure

b. RF cavity vessel under external pressure
|
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Properties of Material

RF cavity vessel:

*Material: High RRR Niobium

*Young’s Modulus: 15.5 x 10° psi

*Yield Strength: 7,000 psi

*Thermal Conductivity at 4 K : 74.2 W/m/K

 Integral Thermal Expansion Coefficient:

00143 cm/cm/Kk, from room temperature to 4 K

Helium Vessel:

Material: Grade 2 Titanium

*Young’s Modulus: 15.6 x 10° psi

*Yield Strength: 35,000 psi

*Thermal Conductivity: 21.9 W/m/K

eIntegral Thermal Expansion Coefficient:

00151 cm/cm/k , from room temperature to 4 K
y Office of
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RF Cavity Under Mechanical Load, 20 psi+weight (694 1b)

: Max. deflection of RF cavity center N |
NCDAL SCLUTTCH o o .

—— a. Deflection relative to helium vessel b

=M A Y=.0099 in (.25 mm) -

UY (] (] (]

EOTTCl b. Deflection relative to RF Outer cylinder

RSYs= o

DMX =.026096 AY=.006in (.15 mm)

SMY =—. 009304

SMX =.002391 ——

w3
—.009904 —.007171 —.004439 -.001707 001025
—. 008538 —. 005305 —.003073 —. 341E-03 002391
. V>, ~urrice of
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RF Cavity Under Mechanical Load, 20 psi+weight (694 1b)

AN
NCDAL, SCLOTTC
STEP-1 Max. primary membrane o T
SUB = . PLOT NO. 1
TIME-1 (at middle plane of the sheet metal)
SEOV (AVG)
MIDDLE i . 1
MIOLE se0se  Max. Von Mises stress: 4,426 psi
SMY =1.386

oM =4426

Allowable primary membrane:
2/3 of yield strength: 4,666 psi

A

1.386 984,706 1968 2951 2935
493,046 1476 2460 3443 4426
psi Office of
BROOKHFAEN
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RF Cavity Under Mechanical Load, 20 psi+weight (694 1b)

AN
NCDAT, SOLUTTCHN

STEP=1 Max. Local membrane and bending Y sl ha

SUB =1 PIOT TNO. 1

TIME=1 (at bottom surface of the sheet metal)
SECV {AVG)

Coitie: N— Max. Von Mises stress: 6,073 psi

SMY =1.152
SMY =6073

Allowable Local membrane +bending:
yield strength: 7,000 psi

| : I
1.152 1350 2700 4049 5398
675.755 2025 3374 4723 6073
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Helium Vessel Under Mechanical Load, 20 psi+weight (694 1b)

AN
NCDAL SCLUOTTICH R 08
S Max. Local membrane and bending ;
SUB =1

el (at bottom surface of the bellow) '
SECH BVG . o

BOTTCM Max. Von Mises stress: 18,586 psi

DM =. 026096
oM =35.091
oMK =18586

Allowable Local membrane +bending:
yield strength: 35,000 psi (titanium)

I
3508921 4157 8280 12402 16524
2096 6219 10341 14463 18586
psi pP—=5" Office of
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Helium Vessel Under Mechanical Load, 20 psi+weight (694 1b)

NCDAL SOLUTTICH AN %

STEP-] Max. primary membrane 5
- 1
_1 [

S o (at Mid plane of the sheet metal )

DMK = 026096 Max. Von Mises stress: 7,606 psi

SM =57.795

SME =T606

Allowable primary membrane :
2/3 yield strength: 23,300 psi (titanium)

| I
57.795 5090 6767
896.497 2574 4251 2929 7606
psi /% Office of
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Helium Vessel Under Mechanical Load, 20 psi+weight (694 1b)

AN
NCDAL SCLOTTON .
STEP-1 Max. Local membrane and bending Novﬁ?é?%
et (at top surface of the sheet metal) FOE D
SECWV VG o o
TOP Max. Von Mises stress: 12,624 psi
DM =. 026096
SMY =115.127

SMH =12p024

Allowable Local membrane +bending:
yield strength: 35,000 psi

K
| ]
115.127 2895 5675 8455 11234
1505 4285 7065 9845 12624
psi P Office of
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RF Cavity Under Combined Load, Mechanical + Thermal

NCOAL SCLUTIC
DEC 9 2008

STER-1 Max. membrane and bending 14:59:21

SUB=1, PLOT NO., if

TIME-1 (at bottom surface of the sheet metal)
SECH (AVG)

CSiie | N— Max. Von Mises stress: 6,057 psi

SM =.723189
SM =6057

Allowable Local membrane +bending:
2x yield strength: 14,000 psi

TR
723189 1347 2692 4038 5384
673,652 2020 3365 4711 6057
. v, ~urrice of
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Helium Vessel Under Combined Load, Mechanical + Thermal

AN
NCDAL SOLUTICN

. o8
STEP-1 Max. Local membrane and bending :¢
- ik

o (at top surface of the bellow)

A A— Max. Von Mises stress: 18,317 psi
SMY =115.143
SME =18317

Allowable Local membrane +bending:
yield strength: 35,000 psi (titanium)

TN K
| I
115.143 4160 8205 12250 16295
2138 6182 14272 18317
psi y Office of
BROOKHFAEN
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Helium Vessel Under Combined Load, Mechanical + Thermal

AN

NCDAL, SCLOTICN

. NOwv 13 2008
STEP-1 Max. Local membrane and bending 18:58:02
%gﬁEz% FLOT NO. 1
[ (at top surface of the sheet metal)
TOP . . .
= r—— Max. Von Mises stress: 12,839 psi
SM =115.143

SMY =12839

Allowable Local membrane +bending:
yield strength: 35,000 psi (titanium)

0 I
115.143 2943 5770 8598 11425
1529 4356 7184 10011 12839
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Buckling Analysis, First Mode Shape of Eigen Buckling

AN
NCDAL SCLUTICH Critical Eigen Buckling NOV 25 2008
STEP=1 . 10a03:12
SUB =1 Pressure:279 psi PIOT NO. 1
FACT=279.428 . .
S (AVG) Operating Pressure: 20 psi
M =1.021

oM =1.021

Allowable Eigen Buckling Pressure:
Reduction Factor (.124) x calculated

Eigen value for Torispherical head: |
o I
Pcr = 34.8 psi 3624 680435 .907247
| : _ 56703 793841
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Fatigue Evaluation

The 56 MHz RF cavity meets the following ASME AD160 condition
That fatigue analysis is not needed

1.Condition A: Minimum tensile stress is not exceeding 80,000 psi.
2.Total expected number of cycles of type (a) plus type (b) plus type (c)
plus type (d) does not exceed 1000.

Type (a): the expected number of full range pressure cycles including start up
and shut down. (4x 20 years)

Type (b): the expected number of operating pressure cycles in which the range
of pressure variation exceeds 20% of design pressure. (0)

Type (c): the effective number of change in metal temperature between any two
adjacent joints. (same as start up, 4x 20 years)

Type (d): the number of temperature cycles for component involving welds
between material having different coefficient of expansion is that which
causes the value of (alphal-alpha2) x del T to exceed .00034.
(same as start up, 4 x 20 years)

Total cycle number=(a)+(b)+(c)+(d)= 240. The projected cycle number

of 56 MHz RF cavity operation won’t exceed 1000. Fatigue analysis
IS not needed.

P y Office of
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Summary of ASME Code Compliance

1. Stress Induced by Mechanical Load ( pressure+weight)
a. Maximum Primary membrane: (at Middle plane of shell)
RF cavity: 4,426 psi Allowable: 4,666 psi
Helium Vessel: 7,606 psi Allowable: 23,300 psi
b. Maximum Local Membrane and Bending:
(at either top or bottom shell surfaces)
RF cavity: 6,073 psi Allowable: 7,000 psi
Helium Vessel: 12,624 psi Allowable: 35,000 psi

2. Stress Induced by Combined load (mechanical + thermal)

Maximum Local Membrane and Bending:

(at either top or bottom shell surfaces)

RF cavity: 6,057 psi Allowable: 14,000 psi
Helium Vessel: 12,839 psi  Allowable: 35,000 psi

3. Allowable Critical Buckling Pressure: 34.8 psi. Operating pressure: 20 psi
4. Fatigue Evaluation: Total cycle number <1000. No fatigue concern.
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Natural Vibration Frequency First Mode (Without Stiffeners)

: AN
NCDAT, SCLUTTICN e e
STRP=1 15:12:23
SUB =%3 - . PIOT NO. 1
T e First mode Freq. 63.8 Hz
RSYS=0
DMK =3.237
MY =3.237
-‘!'Fj"’l".!q’."a-:-'p. g
A
719386 1.439 .158 2.878
.359693 1.079 1.798 2.518 3.237
Office of
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Natural Vibration Frequency First Mode (With Stiffeners)

;NODAL SCLUTICH

MOV 5 2008
STEP=1 14:59:55
sSUB =1 PIOT MO. 1
FREC=98.528

U First Mode Freq. 98.5 Hz

DM =1.726
SME =1.726

l’.-l_llll..lllil'l.ll.l.llllh.l.ll.nl-.._ pe—

-
“—-.....lll'

I'I'-umw-|-|-'|'-|-'|-'|l|-|ll"-_"ﬁ

A W W W W S

TFE HM

Bl 2 s B |
L.383579 767158 T 15T 1.534
179 575369 .958948 1.343 1.726
’ Office of
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Natural Vibration Frequency Second Mode (With Stiffeners)

2_ AN
NCDAL SOLUTICN

NOV 5 2008
STEP=1 14:59:07
SUB =2

FLOT TNO. ik
T s Second Mode Freq. 110.058 Hz

R3Y3=0
O =3.271
SMH =3.271

¥
I 000 e I |
0 LTZ2B982 1.454 2.181 2.908
.263491 1.09 1.817 2.544 B 2
’ Office of
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RF Frequency Sensitivity to Helium Pressure Fluctuation

Fluctuation of helium pressure will change the shape of the
RF cavity vessel. When the shape of the cavity changes the
resonance frequency will change too.

A stiffened RF cavity will reduce its sensitivity to
helium pressure fluctuation.

Parameters used in calculation:
Resonance frequency at Free state:
56304426.49372 Hz (calculated by ANSYS model )
Applied Helium Pressure: 1 atm (1.013 bar)
Helium stability: +/- 1 mbar

PP——=5" Office of
BROOKHFEAEN /_J Science

NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY



Model Used In RF Frequency Sensitivity Calculation

Finite Element program:

ANSYS Multiphysics
7 RF Cavity Model

Due to structural symmetry,
only 1/16 of the cavity is
modeled to calculate the
Resonance frequency

NATIONAL LABORATORY

ELFMENTS
TYEE NUM

Cavity/helium
= Vessel Model

AN

NOV 12 2008
10:39:16

FLOT MNOC.

1

7
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Electric Field (E) Plot at Free State RF Resonance Frequency

STEP=1
SUB =1

e R Normalized Electric field (E ) plot at
Resonance Frequency at Free State
Freq. 56304426.4 (Hz)

R3Y3=0
SMK =1.005

AN
NCDAL SOLUTTCN

| I
0

NCOV 10 2008
17:59:24
PLOT MNO. 1

VA

L223383 440700 .070149 .893533
111692 . 335075 .558458 L/a18d] 1.005
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Deform Shape of RF Cavity Due to Helium Pressure (1 atm)

NODAL SOLUTTCN

STEP=1
SUE =1
TIME=1
UsUmM

REYE=0
DMK =.237E-03
SM =.157E-03
SME =.237E-03

(AVG)

NCDAL SOLOTICH

Deform shape of the vessel

. X
I B S
o -G40E-04 J128E-03 -182E-03 -256E-03
.320E-04 -959E-04 -160E=03 224E~03 - 2BEE~

Deform shape of the RF cavity
Under 1 atm pressure ( 1.013 bar)

Unit in meter

A
. 157E-03 e 175503 8 1P3E-03 211F-03 ~03 o——
' " F79) Office of
BROOKHPRAEN Unit in meter (© /4
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DEC 008
STEP=1 11:03:24
LOT MO, 1
lf Had |
all |
{f "’
L0 ¢ F I
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RF Sensitivity Due To Helium Pressure Fluctuation

AN
NCDATL, SCLUTTICN NOV 12 2008
STEP=1 I1:57:10
=B :1563E+08 PLOT NO. 1
e ar Normalized Electric field (E ) plot at
BOTTCM
SMK =1.005 Resonance Frequency, under 1 atm

Freq. 56304140.4 (Hz)

AF=56304426.4
-56304140.4
=286.0 Hz (@ 1 atm or 1.013 bar)

A

Sensitivity=.282 Hz/mbar |
— —

22337
.111685

P Office of
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RF Frequency Change Due To Lorentz Detuning

Lorentz Pressure:
During operation, magnetic field and electric
field will produce pressure in the RF cavity wall.

Pressure from Magnetic field:
P="Yip H?, p, is permeability of vacuum
Direction: push out the RF cavity wall.

Pressure from Electrical field:
P="i¢ E2, g, is permittivity of vacuum
Direction: Pull in the RF cavity wall.

Total Lorentz Pressure:
P="Y% (uon _SOEZ)

y Office of
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RF Cavity Surface Electrical Field Vector

| VECTCR
NGOV 13 2008

SUB =1 08:27:01
FREC= . 563F-+08 PLOT NO. 1
EF

BOTTCM

FIFM=387 04

MIN=.164F—14

MAX=1.004

Al X
I 20 ; I | ! - —
. 164E—14 PPB1ID 446224 .669336 SRR,
111556 .334668 .55778 .780892 oy
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RF Cavity Surface Magnetic Field Vector

" VECTOR

SUB =1
FREQ=. 503E+08
H

BOTTCM
FILEM=11552
MIMN=.860E-17
MAX=. 002264

A RE

.860E-17 .503E-03 .0 > .
.252E-03 -T55E-03 SGIR58 .001761

VECTOR.

SB =1
FREQ=.563E+08
H

BOTTCM.
ELEM-11552
MIN=,B860E-17
MAX=.002264

.860E-17 .503E-03
.252F~03

-7155E-03

!

.001006

.001258

.001509

.001761

00201

2
002264

L860E-17
252

001006 001509 002012
SE-03 001258 001761 002264

NATIONAL LABORATORY
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Lorentz Pressure

AN
ELEMENTS Lorentz Pressure: DEC 1 2008
PRES-MNCRM 10:28:43
PLOT MNO. ik

P= " (n,H?-£,E2)

Based on
Max. E =42.5 MV/m
Max. H= 85 KA/m

i i .5 l'"“", “\ _-"“.‘, " 55 W "- “““““ ! "“{\ llllll ™ = T i -"“I.. "
§\l | e L L Y

£ /
N\

/

Min. P=-.003987 MPa Max. P=-.001796 MPa

Pull in Push out

|
L L I
-, 003987 003345 -, 002702 002059 -, 001417  TE-03 -, 132E-03 S11E-03 L001154 G

Pressure unit;: MPa P Office of
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Deform Shape of RF Cavity Due to Lorentz Pressure

NCOAL SCLOTICN

STEF=1
SUB =1
TIME=1
st

R3Ys=0
M =.718E-05
SMY =.877E-09
SME =.718E-0%

(AVG)

Deform shape of the RF cavity
Under Lorentz pressure

FL

MCOAL SOLOTICH

Deform shape of the vessel
A ~

I
.315E-05
.239F-05

—
0 -160E-05
.798E-06

.479E-05
.399E-05 -559E-05

Unit in meter

A4
BTTR09 L -160R-05 319805 oo VTOEOS _ 63E05
' ' Office of
BROOKHEAEN Unit in meter J Science
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DEC 1 200
14:01::

2

1:28

FLOT MNO.

.638E-05

.718E
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RF Frequency Change Due To Lorentz Detuning

AN

NCOAL SOLUOTTICN . .
J— Normalized Electrical field (E ) plot at e

SUE =1 7
e EEARE Resonance Frequency Under Lorentz Pressure

%@gl\:’lo (AVG) Freq. 56304195.5 Hz
S =.281F-17
SME =1.005

Frequency Change
56304426.4
-56304195.5
AF=-230.9 Hz
(Reduced)

.281E-17 9 .446758 BRO137 893516
: .335068 .558447 .781826 1.005

7 Office of
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Summaries of Structure Design

1. Feasible and Reliable Structure

2. Easy and Controllable Mechanical Tuning capability

3. ASME Pressure Vessel Code Compliance

4. High Natural vibration Frequency, 98.5 Hz

5. Low Sensitivity to Helium Pressure Fluctuation <.282 Hz/mbar

6. Lorentz Detuning, -230.9 Hz At Full voltage.
The detune frequency will be further reduced
by local stiffening

7 Office of
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The RHIC 56 MHz SRF Cavity Tuner Design

C. Pai
Collider-Accelerator Department
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Mechanical Tuning of RF Cavity Resonance Frequency

The mechanical tuning of the RF cavity resonance frequency will be achived by
physically push or pull the upper part of the SRF cavity (tuning plate) to change
the gap distance of the SRF cavity. A tuning mechanism mounted on the helium
vessel will provide both fast and slow tuning for the SRF cavity to change its
fundamental resonance frequency. The tuner plate is an internal structure of the
RF cavity vessel. A pressure is over the tuner plate to take helium pressure. The
tuner plate is free from helium and vacuum pressure.

AN ‘

Pressure
head

Gap

Tuning plate
t=3.0 mm

7 Office of
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Tuning Plate Deflection And Stress Analysis:

Material Properties:

Pure Niobium

Thickness: 3.0 mm (.118 in)
Young’s modulus: E=15.0x10° psi.
Yield strength: 7,000

(.2% Yield or Strain £=.002)
Tensile Strength: 30,000 psi
Plastic property: Bi-linear kinematic, Includes Work hardening.
Tangent modulus beyond elastic limit:

23,333 psi. (Based on 30% elongation, €=.30)

Tuning Type:
Elastic tuning:
Deflection: 1.5 mm
Plastic tuning: (If needed)
Deflection 6.0 mm

Elastic tuning after plastic tuning:
deflection: 1.5 mm

BROOKHEVEN L2 4 science 43
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Elastic Deflection, Von Mises Stress Plot

Deflection :

AL: 1.5 mm down
Max. von Mises stress
= 7000 psi
Required tuning force: F=139 Ib

Yvoo=1
wvoo=1
*DIST=10.435
E =2.692
*vE =52 446
*7E  =—5:275
Z—BUFFER
31317
= TH1i763
o 1556
I 2333
| ST
1 4667
= 5444
— | 6222
7000
y Office of
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Plastic Deflection, Push Down 6 mm, Von Mises Stress Plot

Max. von Mises stress= 7,587 psi

Makx. elastic strain, e=.00050
Max. plastic strain, e=.0065

Max. total strain, €=.0070
Required tuning force, F= 434 Lb

*DIST=9.764

MFE =—3.891
*YF  =50.656
*E =515

BELOREEEN

y Office of
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Residual Deformation, Von Mises Stress Plot

i Residual deflection

Max. AL=2.29 mm (.09 in)

Max. von Mises stress = 6,966 psi
Max. elastic strain, e=.00046
Max. plastic strain, e=.0064
Max. total strain ,e=.0068

XV =1
w =1
w7 =1
AOTST=0.764
oF =——3.891
XYF  =50.656
xgp  _5.075
“—BJFFER
_587E-17
e 773.991
— L
o 2322
=5 309 _
= 370  psi
= 4644
= 541
o 6102
6966

W Office of
4 Science
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Elastic Deflection With Residual Deformation, Von Mises Stress Plot

Push down 1.5 mm from residual deformation

AL=2.29 + 1.5 =3.79 mm (.149 in)

Max. von Mises stress= 5,662 psi
Max. elastic strain, €=.00037
Max. plastic strain, e=.0064
Max. total strain, €=.0065
Required force: F=155.11b

L]l P S A A

o=l

¥V =1

2 =1
*DIST=9.764
MFE =—3.891
*YF  =50.656
*E =515
Z—BUFFER

.134F-16

psi

BELCREEEN

NATIONAL LABORATORY

y Office of
4 Science

U.S. DEPARTMENT OF ENERGY



Tuning Sensitivity And Tuning Range

Fundamental Frequency of RF cavity: 56.25 MHz.
RF cavity Tuning Sensitivity: 17 kHz/mm

Tuning Capacity of the tuner plate:

1.Elastic tuning :1.5 mm (25.5 KHz)
Tuning force: 139 1b
Based on yield strength of 7,000 psi at room temperature.
(Yield strength of niobium at cryogenic temperature is
more than 2 times higher. Tuning range will be higher too)

2.Plastic tuning: 6.0 mm (102 KHz) with permanent strain of ¢=.0064.
Required tuning force: 434 1b.
Note: This plastic tuning is an option only if needed for
one time large frequency correction.

y Office of
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Tuner Configurations:

Type: Two stages of simple lever arm tuner. First stage is in the inside of
cryostat (cold). Second stage is in the outside of cryostat (warm).

Mechanical leverage: First stage leverage: 3.77
Second Stage leverage: 6.60
Total: 24.88

Tuning Deflection/force in the tuner linkage:
First stage: 1.5 mm/139 1b
Second Stage: 37.32 mm/ 5.58 1b

(Note: If tuning in plastic mode, the force and deflection is 3.2 times)

Tuning Range:
1. Coarse tuner range: 25.5 KHz, installed in the second stage
2. Fast tuner range: 27 Hz, installed in the first stage

7 Office of
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2 Step Simple Lever Tuner

: AN
ELEMENTS MER 13 2008
DSYsS=11 14:40:47
-y PIOT NO. 1
Tuning plate .
uning p Connecting plate
Bellow not shown
First stage >
%{ lever arm
Second stage
lever arm drive
Office of
BROOKHFAEN 4 Science 5()
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Tuner Driving Mechanism

Motor and power

screw drive
Connecting plate

Bellow not shown

2N

plate

First stage
lever arm

BROOKHFAJEN

NATIONAL LABORATORY

= Tuning

Connecting plate

With bellow

T o] r_/—/—/_/—’__—
e L
i

Second stage

lever arm drive

Tuning plate

e

Piezo drive /

Motion
feedthrough

. First stage
== / lever arm

Mechanical link and =9 Office of
thermal transition  Science

U.S. DEPARTMENT OF ENERGY



Mechanical Leverage Ratio of Tuner

Second stage leverage
ratio =33.27/5.04=6.60

N\

33,2/

First stage leverage ratio

Total leverage ratio

=3.77 x 6.60= 24.88

Tuning plate
/ attached to =19.04/5.04=3.77
- Driving
hQ @ HOL L connection
(2 ] u I
H @ Il zp
M I ) 504
z w
——mn’__ ‘j
il L] 19

04

AN

BROOKHFAJEN

NATIONAL LABORATORY

Frictionless
Pivot bearing
In all joints

<

Tuning plate

Office of
Science
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Motion Feedthrough and Thermal Transition link

6 equal spaced springs (to
compensate vacuum load)

Linkage and
thermal transition
between two lever
arms

Adjustable connection
to compensate thermal
difference
Piezo drive for
fast tuning /
IS/ ]
| 87 7z - ?_WWMNW\
iama [
| = |, . ] |
1 i) 0 0
. — I E_L_ i MW\/W\N\MV\
v\\
™~

\ Frictionless Pivot
bearing In all joints

BROOKHFAJEN

NATIONAL LABORATORY
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Motor Drive and Power Screw

DC servo motor with
encoder and Harmonic
gear reflucer

;
;

| P Eg c—g X
o | = p ] @L__g
O O
 —
o [ =
I |_B:I
M@ F O IRO =
|
& = 5 o= *
o L C =3
& 5 i i =
2 c O o O O

Self Locking ACME power screw/Nut to

. . ) Office of
BROOKHEAEN convert rotation to linear motion

| Science
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Tuner Drive System

Coarse Tuner
Motor : Integral DC Servo Motor with reducer and Encoder.

Model RH-8D-3006, HD harmonic LLC
Gear Reducer : Harmonic gear reducer,

Reduction ratio: 100:1 &jy

Encoder: 1000 step/ rev resolution on motor shaft A

Power screw: ACME screw and nut }#
1/2”-10, .1”/rev pitch '

Fast Tuner

Type : High Voltage Piezo Drive
Model: PSt 1000/25/7
maximum stroke: 7 um @ 1000 Volt

= Office of
BROOKHEA/EN 4 Science 55
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Features of The Components Used In The Tuner System

DC servo motor with Harmonic Drive
High encoder resolution, 1000 step/rev
High Gear reduction: 100:1
Zero backlash with harmonic drive
High Torque and High Stiffness

Pivot bearing in every joint:

Frictionless

Stiction-Free
No lubrication required ( good cryo and vacuum application)

Maintenance free.

Bellow and adjustable springs in the motion
feedthrough

The welded bellow to provide motion stroke

. : : :r Office of
Bﬂiﬁ)ﬂﬁﬁﬁﬁple springs will compensate vacuum loa V4 Science 56
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Coarse Tuner Resolution

Power Screw Lead Resolution:
Encoder resolution: 1000 step/rev
Gear ratio Harmonic reducer: 100to 1
Pitch of ACME power screw: .1” /rev
Lead: 1.0x10-6 in/step or .025 um/step

RF Cavity Tuning resolution:
Total Mechanical leverage: 24.88
RF Deflection per step: 1.00x103 um
Tuning sensitivity: 17 Hz/um
RF cavity tuning resolution: .017 Hz/step

Tuning Speed:
Motor drive Speed: 0 to 3000 RPM
Steps per second: 50,000
Max. Tuning Speed: 850 Hz/sec

NATIONAL LABORATORY

Encoder

\ |
for brush cover u . D =
L

— k]
=« %T o — 1o

A
/\
B
7

Motor

Gear
reducer

—

600
RH-54 i5 300

B0
RH-5A I 300

36" STD.
72" STD.
144" 5TD.

-— 75 —

DIA ™} —| 50 |+

o [l
i }mum

2.60
.937-16

¥ in- ACME-10 Screw and Nut set
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Fast Tuner Resolution

Type @ Piezo Drive e o
Model: PSt 1000/25/7 T T

ME, \Brim dupth

S 2mim

G

Driving Voltage: 0 to 1000 Volt. T T

= g

Maximum free stroke: 7um.

Stiffness: 1800 N/um

j P
(I o
Maximum force generation: 5612 Ib \
SI0mm
Mechanical leverage in first stage: 3.77 0 T F——

Useful Piezo stroke: 6um (Reduced by preload)
Real Tuning stroke: 1.59 um

Tuning sensitivity: 17 Hz/um

Tuning range: 27 Hz.

Tuning resolution: .027 Hz/Volt (depends on power supply capability)

| 7 Office of
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Tuner Motion Study: Simplified Tuner Model

| ELEMENTS
FEB 14 2008
TYPE NUM 15:12:19

Shell element PLOT NO. 1

First stage lever leverage
Ratio: 4.34

(Note: the ratio in
current design is 3.77)

e e

Beam element with real
stiffness properties

Second stage lever
Ratio: 6.42

(Note: the ratio in
current design is 6.60)

7 Office of
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Tuner In Maximum Tuning Position

NCDAL, SCLUTTIC

AN

FEB 14 2008
15:13:40
PLCT MNO. 1

Second stage Tuner motion:

\ 61.4 mm (2.418”)

Motion in tuner plate:

2.0 mm
—. 289803 .537065 1.074 1.612 2.149
. 268388 .805741 1.343 1.88 2.418
in Office of
BROOKHFAEN ‘4l Science

NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY



Stiffness of the Tuner Mechanism, K=85,680 Ib/in

A RE ]

NODAL SOLUTICH Driving force F=153.461b

STEP=1

SUB =1 2nd Jeverage ratio: 6.4

TIME=1

Ux (BVG)

RSYS=0

DMY =. (071684

SMN =—. 002405 .

SMX =.071679 Total leverage ratio:27.9
Deflection in tuner end
D=.05” » Beam
Required Force e y: | Size:

2.0x1.0”
F=21421b each end
K=85,680 Ib/in Beam Size:
2.0x1.0”
—. 002405
.0 .038753 071679
Linkage F F=985.67 Ib .
inkage Force 7 Office of
BROOKHFAJEN 15t Leverage ratio: 4.3 4 Science 061
NATIONAL LABORATORY
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Natural Vibration Frequency And Mode Shape Of Tuner Mechanism

AN NCOAL SCLITICH
NCDAL SOLUTICN FB 19 2008 " FFE 19 2008
. 9 2008 STEP= 09:00:25
STEP=1 09:00:49 = %
B =2 PLOT 1O, 1 SEEom 50722 PLOT MO. 1
FREQ lE!O.f.?m ST (A‘fG}
UStM (RVG) iyt
RSYS=0 R5Y3=0
MY =1.049 oM =1.049
SMK =1.049 MK =1.049
Ak ./_"‘\_X
—_— -
0 .233125 466251 ~ .BY99376 932502 0 .233038 L4B607TH 699114 .932152
.116563 .349688 .582813 .815939 1.049 116519 .348557 .582595 .815633 1.048

Natural Frequency: 160.0 Hz
Mode shape:

First stage frame swings in Z direction

NATIONAL LABORATORY

Natural Frequency: 160.7 Hz
Mode shape:

Second stage frame rocks in Y axis
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Tuner Plate Cooling

AN
Cooling Method: S 00128
. . . . PLOT NO. 1
The RF cavity vessel is immersed in 4.5° K
helium bath for cooling. The tuner plate is an
internal structure of the vessel. Its cooling is
relied on conduction from both ends.
Maximum Heat rate
in tuner plate : .00002 W/cm?
Segment Zend Rend Emax Power P/A
(cm) (cm) (MV/m) (W) (mW/cm”"2)
-75 5
3 9.65 5 0.1021 6.16E-10 2.32E-10
4 11.65 5 0.2669 4.06E-09 6.46E-08
5 13.65 5 08802  3.06E-08  4.86E-07
6 15.65 5 2.018 2.68E-07 4.27E-06
7 17 5 2.973 8.27E-07 1.95E-05
8 17.65 5 7.166 9.75E-07 4.77E-05
9 19.418 5.7322 24.35 2.02E-05 3.12E-04
10 20.15 7.5 3314  169E-04  2.09E-03
11 20.129 12 30.94 2.07E-03 7.51E-03
12 20.107 14 20.81 1.96E-03 1.20E-02
13 20.086 16 1729 265E-03  1.41E-02
14 20.064 18 13.77 3.27E-03 1.53E-02
15 20.043 20 10.33 3.74E-03 1.57E-02
16 20.021 22 7.083  4.00E-03  152E-02
Heat power density in each segment 7 Office of
BROOKHFAJEN i j
S of tuning plate by X. Chang 4 Science 03
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Temperature Distribution In The Tuner Plate

Helium bath

§§§f£§CEUTIQﬂ Cold Anchor
S T=4.5° K

TIME=1

TBOT

BOTTCM

R3Y3=0

SMY =4.5
oM =4.516

T=4.5°K

Maximum Heat rate:

at tuner plate Cdise
.00002 W/cm?

Max T at Tuning ple
=4.516° K
AT=.016°K

A

| B
4.5 4.504
4.502 4.505

7 Office of
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Summary of Tuner Design:

Fundamental SRF Frequency: 56.25 MHz

Tuning Sensitivity: 17 KHz/mm,

Tuner type: 2 step simple lever arm

Total mechanical leverage: 24.88

Tuner plate Deflection range: 1.5 mm

Required Tuning Force: 139 Ibf.

Coarse Tuning Range: 25.5 KHz

Fine Tuning Range: 27.0 Hz

Tuning Resolution: .017 Hz/step

Tuner plate Stiffness: K=2,354 Ib/in (or 412.8 N/mm)

Tuner Mechanism Stiffness: K=85,680 Ib/in (or 15,024 N/mm)

P> Office of
4 Science
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