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IntroduIntrodu

U d M U bUnder an MoU between 
IUAC and FNAL, two 
Ni bi Si l S kNiobium Single Spoke 
Resonators - SSR1 ( 
β 0 22 f 325MH )β=0.22, f=325MHz) are 
being built by IUAC.
The Outer SS vessel 
would be built and 
jacketed around the 
niobium resonators at 
FNAL.

uctionuction



IntroduIntrodu

Th jThe major components 
of SSR1 are:

Shell
Spokep
End Walls
Coupler PortsCoupler Ports

The niobium material 
f th f b i ti hfor the fabrication has 
been supplied by 
FNALFNAL.

uctionuction

Spoke

End WallEnd Wall



FabricationFabrication Flow ChartFlow Chart



SSR1SSR1 -

Ni bi i l i dNiobium material received 
Technical discussions with 
January '2008 for the develo
niobium fabrication work.
All technical & commercial
with the vendor by the end y
Placement of PO was delay
W k t ll t t d bWork eventually started by 
Our estimate is that the fabr
months from this date.  

Dates- Dates

f FNAL S 2007from FNAL ~ Sept. 2007
the outside vendor started in 
opment of the dies and other 

l negotiations were completed 
of March 2008.

yed by about 6 months.
th d i O t b 2008the vendor in October 2008.

rication would take 12-14 



What has bWhat has b

Af h PO l d fAfter the PO was placed f
(using mild steel) for the 

k i di ltaken up immediately:
Half Spoke
End Wall
Spoke to Shell CollarSpoke to Shell Collar
Donut Rib

M hil t iMeanwhile copper materi
was procured for the trial 

been donebeen done

f b i i f h difabrication of the dies 
following components was 

i l f th i d thi kial of the required thickness 
forming.



What has bWhat has b
Several components in cop
include:

Half Spokes
Shell
End Walls
Spoke to Shell Collar

Dimensions were measuredDimensions were measured
to fine tune the dies and the
Thi k i ll lThickness, especially along
was measured so that the d
reduce variationsreduce variations.

been donebeen done
pper have been formed, which 

d on the formed componentsd on the formed components 
e process.

th EBW ldi dg the EBW welding edges, 
dies could be corrected to 



What has bWhat has b

B d h i l f iBased on the trial forming
were suitably modified to
A Shell in copper materia
trial piece.p
Based on the experience w
Shells in niobium They hShells in niobium. They h
edges in preparation for th
A id f f i hAcids for performing the 
various sub-assemblies ha

been donebeen done

i ll h dig in copper, all the dies 
o address the various issues.
al was initially rolled as a 

we have rolled both the 
have been machined at thehave been machined at the 
he beam welding.

l li hi f helectropolishing of the 
ave been procured.



What has bWhat has b

Four niobium tubes of OD
× 3.15 mm (WT) for the P× 3.15 mm (WT) for the P
been sent to FNAL. For th
machined at the edge, e-bc ed e edge, e b
machined to size.
Fixtures for electropolishFixtures for electropolish
assemblies have been des
being made Viton sheetsbeing made. Viton sheets
also being procured.

been donebeen done

D φ82.7 mm × 45 mm (L)  
Power Coupler Port havePower Coupler Port have 
his a single tube was rolled, 

beam welded, saw cut and be we ded, s w cu d

hing of the various subhing of the various sub-
signed and are presently 
s for making the gaskets ares for making the gaskets are 



Half SHalf S

Die & Punch for forming the g
actually done in two stages.
central flat portion is formep
shown here) followed by th

SpokeSpoke

Half Spoke. The forming is p g
. In the first stage the 
d (the die set for that is not (
e full Half Spoke.



Half SHalf S

H lf S k i ft fHalf Spoke in copper after fo
machining it (right).

SpokeSpoke

f i (l ft) d ftforming (left) and after 



End WEnd W

E d W ll Di d iEnd Wall Die and one piece 
first punch (on the right, in

WallWall

f d i (l ft) dformed in copper (left) and 
n the foreground)



End WEnd W

Second p nch for forming the noSecond punch for forming the no
of the End Wall formed in cop
attachment for forming the Enattachment for forming the En
meets the Shell) has also been

WallWall

ose (on the left) and closer ieose (on the left) and closer view 
pper (right). A separate 
nd Radius (where the End Wallnd Radius (where the End Wall 
n made.



Spoke to SSpoke to S

The Die & Punch for forming th
been made. The trial copper p
Measurements on the thicknes
made shortly after it has been 

hell Collarhell Collar

he Spoke to Shell Collar has 
iece formed has come out well. 
ss at the EBW edge will be 
machined.



ShSh

The Niobium Shell being rol
on the right shows the twog

hellhell

lled (left). The photograph 
o Shells.



ShSh

Left: The Shell being machin
the Aluminium Fixture forthe Aluminium Fixture for

hellhell

ned. Right: Machining of 
r holding the Shellr holding the Shell.



Power Coupler PPower Coupler P

Left: PCPF Tube setup for e
Right: Four tubes (which wg (
tube) that were sent to FNA

Port Flange TubePort Flange Tube

lectron beam welding. 
were cut from the single g
AL.



DonuDonu

Die & Punch for form

ut Ribut Rib

ming the Donut Rib.



Coupler PoCoupler Po

• The Coupler Port Pullout D
drawings have been made indrawings have been made in

• The Die will attach to the Sh
• Machining of the die will be
• We will try out the die on thWe will try out the die on th
• After that the die may be tri
• Finally we will pull out the 

ort Pulloutort Pullout

ie has been designed and 
n Solidworks.n Solidworks.
hell holding fixture.
egin shortly.
he copper shell firsthe copper shell first.
ied on small niobium pieces.
Ports on the actual Shells.



TimeTime ChartChart
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