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Outline

= Project Description: Design a Halfwave
Cavity For MSU-FRIB

m RF Performance Preservation Checks

= Design Parameters and Criteria

= Cavity Mechanical Design

S.S. Helium Jacket
S.S. Flanges
Nb Cavity



A Halfwave Cavity for MSU-FRIB

Lattice P # of # of # of Cryo Section W-in W-out
~0.29 Cryos Cavities | Cavities | Length Length | (MeV/u) | (MeV/u)
/Cryo (m) (m)
Existing 13 6 78 3.6007 | 51.7491 16.3 54.6
Proposed 8 7 56 4.0648 | 35.5584 16.3 55.8

= The cavity mechanical design was part of a work-for-others project with MSU-FRIB.

= MSU asked us to design a 322 MHz cavity and accelerator lattice for 3 ~ 0.29 ions.
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Model RF Check

Example Inventor Check

Checks are performed

throughout the modeling Frequency (MHz) 321.014 320.921
process. Models from B 0.288 0.288
both Autodesk Inventor £ E ic e
and ANSYS are exported ol Eace ' '

to MWS and checked to Boi/ Eacc (MT/(MV/m)) 104 3.6
ensure we have not G=RQ(Q) 97 97
changed the model. R/Q (Q) 194 194




-
Material Properties & Design Parameters Used Here

Young’s Poisson’s Density Maximum Allowable
Modulus (KSI) Ratio (Ibs/in3) Stress (KSI)

Niobium 14,900 0.395 0.3096
304 Stainless Steel 29,000 0.270 0.286 20,000
Titanium, Grade 2 16,600 0.300 0.164 20,000

= Cavities designed with linear room temperature parameters
= Qur parameter choices here are based upon extensive Argonne experience

= We will use the parameters put forth in the FNAL Technical Division Technical
Note TD-09-005 for the design of the 162.5 MHz 3 = 0.11 halfwave resonator
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6_ 5



Mechanical Design

Start with an RF volume from MWS

Build the niobium cavity around the
MWS vacuum model

Build an integral 304 stainless steel
helium jacket around the niobium
cavity

This model is used for:

— Fabrication

— Base Mechanical Model
The models do get simplified to reduce
the mesh size in ANSYS

— Small features get removed or filled in

— The niobium cavity is modeled in two
pieces: the cavity and the reentrant nose
doubler

Design to:
— Minimize microphonics, e.g., zero df/dP
— Maximize slow tuner range
— Maximize fast tuner range

Af O j[yo\ﬁo(x)\z—go\Eo(x)\z}d?’x
AV

6



Early Modeling



Initial Results

With Reentrant Nose Doublers Without Reentrant Nose Doublers

fl 320399114/ Hz f1 320399114|Hz
f2 320382028 Hz f2 320361833 |Hz
df/dp -17.086|KHz/atm df/dp -37.281|KHz/atm

The single largest contribution to df/dP came from the cavity reentrant noses
being squeezed. We optimized the doubler plate depth.

Found that no reinforcing ribs were required on the toroids, the high magnetic
field region



\ |
Reentrant Nose Depth Study

Y Deflection @
Y Deflecti
Depth of etlection 100 N Slow Tuner
Doubler @ 1 atm.
) Force
cm microns )
microns
7.4825 74.51 -62.2
5.6825 70.72 -62.3
3.1825 61.82 -63.6

Y deflection at 100 N Slow Tuner Load

Y deflection at 1 atm.



Final Cavity Geometry

= Qur preliminary models led to several changes:

— Our preliminary attempt to completely decouple the niobium cavity from the stainless
steel helium jacket lead to unacceptably large df/dP values. By coupling the beam ports
to the stainless steel helium jacket we reduced df/dP to very small levels.

— The fast tuner range was larger than expected so we eliminated the flat to save on
fabrication costs

— The reentrant nose doubler depth was reduced

— We used no gussets to reduce df/dP further since it was already stiffened enough by the
helium jacket

= The results characterizing the final model’s mechanical properties are on the
following slides.
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df/dP Simulations 1

AN

MAY 28 2011
07:36:30

NODAL SOLUTION

USUM (AVE)
RSYS=0
DMX =.334E-04
SMX =.334E-04

f1

321085069(Hz

f2

321086394 (Hz

df/dp

1.325(KHz/atm

NODAL SOLUTION AN
- M e abas
i 1 e
%§§€;1485E—08
e T R = T T e :

1 atm/0 atm pressure gradient across

cavity niobium only. This is the case

for the cavity being pumped down with

the helium space vented to

atmosphere.
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S
df/dP Simulations 1

Stress and deflections around the
beam ports. Enlarge pictures for
more resolution

Von Mises Stresses (psi)

Deflections (in)

AN

MAY 28 2011
08:15:05




df/dP Simulations 1

Von Mises Stresses (psi)

Stress and deflections around the
fast tuner. Enlarge pictures for
more resolution

Deflections (in)




df/dP Simulations 1

Von Mises Stresses (psi)

AN

MAY 28 2011
08:04:54

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVGE)
DMX =.485E-08
SMN =1.958
SMK =3418

Stress and deflections around the
beam ports. Enlarge pictures for
more resolution. Helium jacket

suppressed in these images only
for clarity. Was part of simulation

Deflections (in)

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
UsuM (AVGE)
R3YS=0

DMX =.334E-04
SMN =.389E-07
SMX =.334E-04

AN

MAY 28 2011
08:07:12




df/dP Simulations 1
Stresses (Top)

NODAL SOLUTION

AN

MAY 28 2011

AN
NODAL SOLUTION MAY 28 2011
STEP=1 08:43:25
SUB =1
TIME=1
SEQV (RVG)

DMX =.485E-08
SMN =.577E-03
SM¥ =4977

I
L5TTE-03 1106 2212 3318 4424
552.984 1659 2765 3871 1977

STEP=1 08:41:39

SUB =1

TIME=1

SEQV (AVE)

DMX =.485E-08

SMN 577E-03

SMX =4977

LB ]
. 577E-03 1106 2212 3318 4424
552.994 1659 2765 3871 4577
AN
NODAL SOLUTION MAY 28 2011
STEP=1 08:38:40
sUB =1
TIME=1
USUM (AVG)
RSYS=0
DMX =.334E-04
SMX =.334E-04
B I I
0 L7T43E-05 . 145E-04 \223E-04 L297E-04
.372E-05 L111E-04 L166E-04 . 260E-04 .334E-04

AN

NODAL SOLUTION AT 28 2011
STEP=1 08:22:43
sUB =1
TIME=1
USUM (AVG)
RSYS=0
DMX 334E-04
SMX =.334E-04

B | I

0 LT43E-05 L 149E-04 L223E-04 L297E-04

L372E-05 L111E-04 . 186E-04 . 260E-04 L334E-04
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df/dP Simulations 2 f1 321085069|Hz
f2 321088862 |Hz
df/dp 3.793|KHz/atm

AN
NODAL SOLUTION VY 91 2011 NODAL SOLUTION VAT 31 2011
SsTEP=1 15:53:22 STEP=1 15:50:53
SUB =1 SUB =1
TIME=1 TIME=1
SEQV (BVG) SEQV (AVG)
DM DMX =.684E-08
SMN SMN =.011548
SMX =9116 SMx =9116
I T I
011548 2026 4051 6077 8103 - 011548 2026 4051 6077 8103
1013 3039 5064 7090 9116 1013 3039 5064 7090 9116
AN AN
NODAL SOLUTION NODAL SOLUTION
MAY 31 2011 MAY 31 2011

STEP=1 15:55:43 STEP=1 15:56:45
SUB =1 SUB =1
TIME=1 TIME=1
USUM (AVG) UsSuM (AVG)
RSYS=0 RSYS=0
DM 472E-04 DMK =.472E-04
SMX =, 472E-04 SMX =.472E-04

| EEEEEEaa—— | | B

0 L 105E-04 L210E-04 .3L4E-04 L419E-04 0 L 105E-04 m 3148-04 m

.524E-05 .157E-04 L 262E-04 L367E-04 .472E-04 .524E-05 L157E-04 L262E-04 L367E-04 L 472E-04 16



Slow Tuner Range Simulation

Tuner Force, N.

0 2000 4000 6000 8000

0.00 : - - | = Slow tuner squeezes cavity at beam ports
-10.00
-20.00 . .
{ = Slow tuner simulated with up to 6000 N

-30.00 \
40.00

5 5000 DY = The slow tuner being used in the ATLAS
-60.00 .
2000 N\ Intensity upgrade has been tested to >
50,00 L 20,000N and may be scaled back for this cavity
80, N
-90.00

Deflections Projected Along Beam Axis (in) Stresses (psi)
AN
-.1558-03 eereos T im0 110E-03 .180E-03 1250 3750 6250 8750 o0 11250 17




Fast Tuner Simulations
ANSYS Model n

ELEMENTS

ANSYS 12.1

The fast tuner sensitivity is currently
s estimated to be ~¥9 Hz/micron

= For a Noliac SCMAP10 peizoelectric actuator
with an 80K stroke of ~20 microns the cavity
frequency can be shifted 180 Hz, a good
tuning window

TYPE NUM

= Please note that the simulations shown on this
slide are for a 160 um displacement of the
cavity. The numbers shown on all scales
should be divided by 8 for the 20 um case.
Deformations Stresses

NODAL SOLUTION

ANSYS 12.1 NODAL SOLUTION

ANSYS 12.1
MAY 31 2011 _ MAY 31 2011

STER-1 09:49:57 STER-1 09:52:35

SUB =1 SuB -1

TIME=1 TIME=1

ux (AVG) SEQV (AVG)

R3YS=0

DMX =.232E-07
DME =.160E-03

SMX =93571
SMN =-.278E-04

SME =.160E-03

I
) 2500 5000 7500 10000
- .6956-05 .348E-04 .786E-014 .1188-03 .1608-03 1250 3750 6250 3750 11250




Future Work

= We have designed and optimized another HWR for 325 MHz with a slightly higher
B and improved the electromagnetic performance parameters.

= With this new HWR325 we expect to demonstrate V > 4.5 MV with B, > 120 mT
= Prototype finished summer 2012

Impact on FNAL

= Experience here is directly applicable to the mechanical design of FNAL PXIE 162.5
MHz halfwave cavity

= Majority of frequency detuning effects can be minimized or even eliminated by
design (neglect can lead to an unusable system) = reliable operation

= Will modify material design constraints to satisfy FNAL requirements
(straightforward)
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