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Remarks

This report,Reporton theASST II LinerStatus,waspreparedundertherequestof
PMO SSCLProjectManagementOffice andfollowed theguidelineprovidedby Dr. Oeny
DuganSSCLDeputy ProjectManager. The report discussesvarious technicaldesign
issuesneedingresolutionsfor theASST liner andreportsthestatusof the linerprogram.

TheLiner SystemDesignTeamwasorganizedin July of 1992. The teamconsists
of membersfrom PMO, MSD andASD. The liner is designedasan option to resolvethe
concernsdue to the synchrotronradiation and accompanyingphotodesorbedgases.The
majorresponsibilityof thedesign team is to developa workableliner prototypefor the
Collider. Theliner prototypewill be validatedin ASST II.

Thechallengesthat this designteamis facingcan be summarizedasfollows:

1 A technicalchallengewith no previousexperiencesto be directly drawnfrom.
The SSCL Collider is the first proton superconductingacceleratordesignedto operateat
high enough energy20 TeV and beamcurrent0.072A that may require a liner. The
SSCLCollider will producea synchrotronpowerof0. 14W/m 18kW into 4.2K for thetwo
rings. This powermay trigger the concernedimpactof photodesorbedgases. Many
intertwined technicalproblemsmustbe consideredandresolvedin the liner design.

2 A schedulechallengethat must catch up with many yearsof magnetdesign
efforts. When the liner design teamwas organized,the magnetprogramshad been well
developedfor manyyears. To reducethecost andscheduleimpacton themagnetprogram,
the scheduleof the linerdevelopmentmust be very aggressive.

The liner design teamperformedthe following tasksin the last four months. Four
tradestudieswere selectedto establishthe liner designand to minimize the cost& schedule
impact on the collider. The physics and engineeringtaskswere focusedon the removal
and/orreductionof the risks that a liner designcan haveon the operationof thecollider.
Demonstrationand verification experimentswere plannedto validatetheconceptderived
from our studies. The final selectionof a conceptualdesign is well in progress. The
detailedengineeringdesignof severalitems beganin Novemberof 1992.

Significant progresshas been achieved becauseof the great team spirit, the
extremelyhard working members,and extraordinaryadministrativeand technical support
from the SSCLdivisions. I would also like to devotemy personalappreciationto Dr. 0.
Dugan,Dr. R. Meinke, Dr. W. Turner of PMO and Dr. T. Bush,Dr. R. Coombes,Dr. J.
Tompkins of MSD and Dr. T. Kozman, M. McAshan of ASD for their support and
guidance. It is my privilege to summarizeand to presentthis excellentwork of the Liner
SystemDesignTeam.

Quan-ShengShu
LinerSystemDesignleader
SSCLMSD
November27, 1992revised
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I. The Task of Liner System Design

1. Why need a Liner?

The SSCL Collider is the first proton superconductingacceleratordesignedto operateat
high enoughenergy20 TeV andbeamcurrent.072A to producesignificant synchrotronpower
0.14W/m, critical energy = 284eV, 18kW at 4.2K/two ring. The radiatedpower and
accompanyingphotodesorbedgasesimpactthebeamvacuum,beamcurrent,cryogenicplant capacity
andoperationalavailability of the Collider. A liner configurationis being studiedas an option for
the Collider vacuumsystemwith the designgoal of not requiring more than one machinewarmup
peryearfor vacuummaintenance.

A Comparisonof SSCILHC CERN’ Vacuum RelevantParemeters

- 5SC LHC

Protonenergy,TeV 20 7 spp2OTeV=SOmb
Beamcurrent,mA 70 850
Magneticfield, T 6.6 10 R=l0.2/2.57km
Magnettemp.,K 4.2 1.8
PhotonFlux, photons/mis 1xl016 l.8xlO’7
Critical energy,eV 248 64
Synchrotronpower,W/m 0.140 0.562 9/9kW/ring

H2 densitycorresponding 3xH8 H2/cm3
to 150 hr luminosity lifetime

H2 densityquech/cryolimit 4xl01° H2/cm3
H2 saturatedat 4.2K 2xlO’2 H2/cm3
onemonolayerdesorption 7.3xl015H2/cm3 0.2 Ton @294K



2. The Task of SSC Liner Design Development

1 A Liner Prototype

A Liner prototype is being designed for installation and test in a half cell
five dipoles, one quadrupole, one spool piece of the ASSTII at the SSCL. The Liner
System consists of a 80K perforated tube the liner located coaxially inside the 4.2K
magnet bore tube, high pressure Gile loops to maintain the liner temperature,
cryosorber on the 4.2K bore tube, low thermal conductivity supports, thermal
expansion and RF joints and an interface with the beam position monitor

2 A techn. transfer packages

A technical transfer packages based on the experiences learned from the
prototype for the Collider Liner will be developed for SSCL subcontractors to
produce a Collider Liner System, if it is needed.

The ASST is now in the phase I tests. Which magnets and components to be
tested in the ASST phase II are not actually assigned yet. With informations from
many groups of PMO, MSD and ASD, the Liner System Design Team proposed a
preliminary Liner System Layout with the ASST phase II full cell string in Figure 1.
From left, there are one SPRA Spool Meyer, five CDMs, one CQM and another
SPRA spool CVI in the liner system configuration. The SPRA CVI at the right
side will be modified to incorporated a RPM that is positioned within the insulation
vacuum on the lead end of the spool piece. The 80-K He will enter the Liner system
at the Meyer Spool and return to cryo-plant from the CVI Spool. The Return Flow
Cooling Loop and End Conductive Cooling will be used respectively for CDMs, CQM
and Spools.



Liner for SSC

Primary purpose:

2nd consideration:

Liner for CERN LHC

Primary purpose:

Pump photodesorbed gases.

Remove synchrotron heat load
if upgraded beam current is needed.

Remove synchrotron radiation heat load
at higher temperature than the magnet.

Cross sectionsof CDM and COM Prototvne Liner Tubes:
Id3

DORE LINER TUBE

HOLE O2mm
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Figure 1. The proposed Liner System Layout with a full cell
string in the ASST II.
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II. The Status of the Liner SystemDesign

Since the Liner System Design Task Force was formed in July
1992, it has been carrying out the following work:

1. Four trade studies were selectedto establish the liner design and
to minimize the cost & schedule impact on the collider. These
studies were conducted and the major tasks were achieved.

2. The physics and engineering tasks were performed focussing on
the removal and reduction of the potential risks that a liner
design can impact the operation of the collider. Theseanalysis

- have been intensively carried out.

3. Demonstration and verification experiments were planned to
validate the physics and engineering conceptsderived from our
studies.

4. The final selection of a conceptual design of the liner system is
in progress.

5. The engineering detail design has been conducted recently.



HI The Trade Studies and The Conceptual
Design Development

1. End conductive cooling: To make a liner with uniform maximum ID
through out magnets with different IDs

2. Options of liner IDs and magnet beam tube IDs

3. Retrofit self-contain liner structure development:

to reduce the schedule impact on collider program

4. The determination of liner tube materials

S. The effects of liner holes on Evacuation capability and RF impedance

6. Liner cryosorber

7. Liner conceptual structure in collider spool piece

8. The interface between the BPM, CQM and Spool Piece

9. Interconnect region: Cryogenic & expansion joints, RF joint and the
compact heat exchanger

10. Liner support: To reduce the heat leak from 80 to 4K



1. End Conductive Cooling: To make liner with uniform
maximum ID through out magnets with different IDs

The basic idea:

1. The beam tube ID 32.3 mm of CQM is much smaller than the beam tube ID
42.3mm of CDM in ASST II.

2. In order to have a unified liner diameter, the liner system design group is
interested in an end conductively cooling approach for the Spooi Piece and CQM.
With this approach the required space between liner and beam tube can be greatly
reduced.

3. Quan-Sheng Shu and Kun Yu developed a modified thermal model for the
liner in CQM and Spool piece in order to determine the optimum design parameters.

- The different surface emissivities 0.05 - 0.3 and the copper thickness 0.5 - 2mm
of the liners and the beams tube were used in the calculation.

4. The temperature distribution along the liner as functions of the emissivities
were plotted by Shu and Yu. The maximum DT for the Spool could be less than S K,
and 10 K for CQM. A temperature difference between the pipe ends and the middle
of 2 K with copper layer of 2 mm and 10 K with copper layer of 0.5 mm was found
for the Spool. A 6 K of DT with copper layer of 2 mm and 26 K with copper of 0.5

* mm for the CQM were obtained. The synchrotron radiation heating is 0.14 WIm.
The correction of the effect of the magnetic field on copper thermal conductivity is
considered in the calculation.

The minimum radial space needed for a liner with end
conductive cooling is 7 mm.



To Make End Cooling Work

The main requirements:

1. The overall resistivity along the liner temperature:

Inner wall: axt>2xlOSQ-l

2. A workable compact heat exchanger to cool the liner end

3. A good thermal conduct joint betweenboth ends of liner

4. Supports with low heat leak betweenthe narrow space of
the liner and magnet beam tube.

5. A suitable emissivity of the outer wall surface of liner
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A 80K Liner with End
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Thermal Model of End Cooling
A thermal model to analyse the end conductive cooling was

developed by Q. S. Shu and K. Yu. Assume:

Qi - synchrotron radiation L x 0.14w / m.
Q2 - heat leak through support + heat leak by radiation
L - the length of the CQM or Spool piece
A - The area of the cross section of the liner tuber

For each unit of liner cross section

Qc{ Qi- Q2 / 2L} dX

Qx 4AdT/dX

Qx+dxQc+Qx
Unit Section of Liner

and Qx+dx -A.Ad[T+dT/dxdx]
-A.AdT/dx + Q1-Q2dx/2L=-XAdT/dx - ?Ad2T/dx2

Q1-Q2 / 2L = - XAdT2/dx2

assume Tend=80k

Tx=- Qj.Q2x2/4LXA + Q1-Q2L/4XA+ 80k
STx= Tx-80k = - Qi- Q2X2/4L?.A + Qi-Q2LI4XA

Qcond.2A/L

Qc

Ox

Qrad.= aA T41- T42 E1C2 I Ei +E2 - £1E2



Temperature Distribution Along A Liner
With End Conductive Cooling
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Temperature distribution along
a liner with end conductive coolin2
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Compact Heat Exchanger for End Cooling

To make end cooling work, a compact heat exchanger with length
of less than 5 cm design concept for liner was proposed by Q. S. Shu
and K. Yu

If the total heat to be transferred by the heat exchanger Q=2W,
Copper cooling tube ID= 0.25
mass flow rate of the 80-K He, m= 0.25 g /sec 80K He
the temperature increase of He, 6 K Solder

Since Q = Cpm T
6T= 1.54k

We have G= 4m / ,tD2 =5.09
= 40 10 -6

X14Ox106 col/s.fCcm
Re= GD/ i = 1562.5
Pr= Cp / X =0.357

h = 0.023 Cp G o’ 110.2 I Pr0-6 De0-2 =0.0345

S = iv D = 0.785
L=mCp/hSln[TL-T’/To---T’]

If three turns are used,
L=
ST=

2&7Scii

- 345cM

Liner

80K He
Compact Heat nhanger

430
25.3Cm

- 0./ak’



Good Thermal Contact Joint
To make end cooling more efficient, we need to cool both end of CQM liner with

the compactheat exchangers. In order to easily assemblethe liner in to the CQM,
there should be a joint betweentwo heat cKchangers. A joint conceptproposedby Q.
S. Shu and K. Yu has a good thermal conductivity and also is easy to be assembled

1. Cu-Cu contact area S

S= 2t 111+112 L = 4.0134

h=0.13T w/Cm2K

Q = S hT 6T
6T25k = 0.012 k
h80k 6TSOK=h25k 6T25K

We know h80k > h25k

STsok C 6T2sk

STsok C 0.012k
6TS0K 1K

for same contact and same pressure

2. Synchrotron radiation : 0.14 w /m
for Quadrupole Q = 0.14 x S = 0.7 W

We assume total synchrotron radiation 1 W
Transferred at each end of the liner s 0.5 W

3. If the pressure of Cu- Cu machined contact
range 5 -25 k thermal conductanceqf the contact

as

for Quadrupole.Theheat

is 7 MPa at temperature
is

Uner Uner

l,,fl,,_ t.77fJ 717

l D

yf’flfl kL

Good Thermal contact Joint

So at largest,
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2 A Simplified Approach
to Estimate The Possible Liner ID

SincemagnetbeamtubeID is ethervariedwith differentmagnetcategoryorwith thefabricationtimein thesame
magnetcategorye. g. ASSTdipole andGD dipole. A simplifiedformulawas developedin orderto fastesthnatethe
possibleLiner ID andthemagnetBeamThbeID requiredbasedon the liner ID.

1. The radial spaceneededfor Liner:

If regularcooling approachis used: Cooling tube3.8 mm, liner wall 1.25, vacuumgap
betweencooling tubeandmagnetbeamtube 1mm.

If an end conductivecooling is used: Liner wall 1mm, vacuumgapbetweenliner wall
andmagnetbeamtube 1.5mm,cryosorber1 mm.

2. A simplified formula to estimatethe Liner ID and the Magnet Beam Tube ID:
t

If regular cooling approach is used:

A Liner ID = Beam Tube ID - 12.1 mm

If end conductive cooling approach is used:

B Liner ID = Beam Tube ID - 7 mm

3. Formula A is used to estimate the max ID of CDM liner, formula B is used to
estimate the max ID of CQM liner.

For ASST H. COM liner ID = 25.3 mm. To have an uniform liner ID throuth
out all the different magnets. the CDM Liner ID was already determined to be
25.3 mm.



Three Options of Magnet
Beam TubeADs and Liner IDs

CDM ID

1. ASST II Test:

2. Exsisted Collider Design:

0DM ID Liner ID
80K He 30.8mm-42.3mm

80K He I

8OKH CQMID
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3. Retrofit Liner Structure Development

The SSC prototype magnet design and manufacture have
already been well developed by SSCL, other national labs FNAL,
BNL and LBL and vendors GD, Westinghouse and B & W. A
trade study is extensively performed to develop a self-contained liner
structure, also called Retrofit Structure, that the liner can be more
easily inserted into a magnet. This design can minimize the cost and
schedule impact on the magnet manufacturing process. It is our
ultimate goal that the liner will be inserted into the magnets after the
magnet cryogenic test and prior to the installation in the tunnel. A
schematic of the retrofit structure in next page was developed by
Shu, Zbasnik etc.

‘1

- This option includes: A "80-K cryogen flow return ioop" was
developed to replace the regular "80-K cryogen flow through ioop"
with a mass flow rate of 0.25 g/sec - 0.5 g/sec of 80-K He. A
compact heat exchange with total length of S - 7 cm in the
interconnect region is used to re-cool the 80-K cryogen rather than
passing the liner 80-K He tube through the magnet LN2 tube. The
cryosorber is pasted on the inner surface of the magnet beam tube
after the magnet fabrication. It is our ultimate goal that a liner can
be installed to a magnet after the magnet fabrication and only
necessarily minor changes of the magnet is required to accommodate
the liner.
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A Comnarison of Return Flow Loon and Throu& Flow Loon

Return flow loop schmatic.

flow ioop Schematic.
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The Pressure Drop in Cooling Loop
if Liner will be used in the SSCL Collider

A summary of analysis on pressuredrop versus liner cooling tube size and
shapewas presentedby J. Maddocks and J. ZbasniK. It assumedthat the cooling
tube systemhad a length equivalent to 48 cells with an additional 6 cells as margin.
The conclusionsfrom the data is that a pressuredrop of 2.14 MPa 300 psi with a
mass flow rate of .25 g/sec was an optimum design point to size the cooling tube
cross section. The cross section of the cooling tube is that of a flattened tube, with
25 degree arc length and 2.5 mm diameter fitting in the 6 mm radial space
determined for the liner system. However, the stress analyses from G. Morale
showed that it was unabale to achieve an ASME-allowable stress level for the tube
with an alpha angle of 20 degreeand be within the 6 mm radial spacebudget. By
reducing the angle to 15 degree,the pressurerequired to feed 54 half cells in series
rose to 365 psi, but the acceptablestress of 20.8 ksi were achieved for a wall
thickness of o.635 mm. It also meet the liner radial budget. One of the preferred
option is to feed the liner of four sections in series 48 half cells at each of the 10
refrigeration sites at the 1 g/s of the mass flow. For ASST II, Round tube will be
usedand pressuredrop is not a problemdue to limited tube length

The Pressure Drop in Different Tube Dimensions

I tot mdot = 0.25 g/sec,
p - $jo suppiy 54 halt ceils

IPerimeter. mnDhyd, mm Piniet, psi Pinlet, MPa
I

Rinner, mmjRouter, mrnialpha, degArea. mrir2
*1_________I J .

17.15 19.65 151 16.95 I 17.49 j 3.88 365 2.52
17.15 19.65 I 20 20.97 20.70 4.05 330 2.27
17.15 19.65 I 25 24.98 23.91 4.18 310 2.14
17.15 19.65 j 30 28.99 27.12 4.28 290 2.00

17.65 19.65 25 19.42 22.56 3.44 490 3.38
11.65. 19.65 37 27.23 30.37 3.59 440 3.03
17.65 19.65 40 29.18 32.32 3.61 430 2.96
17.65 19.65 60 42.20 I 45.34 I 3.72 400 2.76



The Stress Analyses of the Cooling Tube Attached to Liner

According to the calculation of Gilberto Morales the cooling tube will require
the following geometry to meet ASME B313 piping codes.

Table 1: Stress Values for Cooling Tube with Different Geometries
Angle Wail Thickness Pressure Max Van

Degrees mm MPa Mises Stress
MPa

15 0.635 2.517 157
15 0.64 2.517 155
14 0.635 2.586 147
14 0.84 2.586 143

The cooling tube is required to supply forty eight half cells with 0.25 gm/sec of helium gas.
The smaller the angle the higher the pressure has to be to deliver the requked flow rate.

The results show that the stress in a tube with an angle of 14 degrees and a wall thickness
of 0.64 mm will meet the ASME pressure codes. ASME 831.3 piping code requires that the stress
not exceed a value of 155.13 Mpa. In this tube the maximum Von Mises stress is only 143 which
is bellow that required by ASME.

DM4 mm



Dhydraulic = 4 mm. Mass flow = .25 gfs
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4. The Determination of
Liner Tube Dimension & Material

The Main Criteria of the Choice:
1. Quench survivability 100 quenches/25years
2. Inner wall: axt> 2x io 12-1
3. Good thermal conductivity:
4. Inner wall photodesorption coefficient:

For Ecrit=284 ev
rjmax=O.02

t.
amax=O.3 for H
other gasescO.2x H2

5. Liner impedance:
ZL/n<.cO.34 2

ZT <<20 jifllm

6. Ultra-high vacuum performance
7. Mechanical stability
8. Radiation stability



1’ Ouench survivability: 100 ouenches/25

DIPOLE FIELD
DECREASING

The Liner material and dimensionwere chosento meet the requirementsof quenchsurvival and
ASME code. Also the structureswill be validated under 100 magnetquench tests.

COPPER LINER
0.5mm

Maximum equatorial pressure: = BBtb/p

t = 0.5mm, andBB15OT2/s, b=l4mm,
p = 2.3 x 1O- ohm-rn

= 4.9 atm = 67 psi

dF - JXB dV

Lorentz force: dFO = PmRLSIflOdG

Total force on each tube half:

Ft2PmRL
Solution of deformation equation:

r = R + u0cos20,where

FtR3
0=

24E’I
_ Eand I--

1-L

h-s

EDDY
CURRENTS:

J a -bBsin{$/p

SSTUBE
0.75mm



Materials of CDM and COM Liner
1 CDM

Peak B* dB/dt = 175 T2/s for a quenchat 8.1 T 100 T2/s for 6.7 T

J. Zbasnic etc. calculated the required material thicknessbased on a*t > 2 x io5
Q1 and the Lorentz force at the midplane shown in the following table. K.Leung
performed the stressand deflection analysesof the liner at 80K at quench field 6.6 T.
For instance,a tube OD is 33.3 mm with stainlesssteel thickness of 0.75 mm and a
copper thicknessof 0.5mm. The maximum stresslevel can be 31 ksi in copperand 33
ksi in S. S., when the Lorentz force is 88 psi. The maximum deflection at vertical
position is around -0.0064" and at horizontal position is around 0.0027 mm. The
results was used in our conceptualdesign.

2 CQM

C. Haddock etc. calculatedthe Lorentz force in a CQM copperonly liner with ID
of 24.3 mm and OD of 26.3 mm. The quench data come from a spot heaterinduced
quench at 7054A on LEL long QCC4OS. The maximum Lorentz force = and the
maximum stress = . It is determinedthat the ASST CQM liner wilt use 1 mm
copper tube without a S. S. tube as cover material.

Liner Thicknessand Force in a CDM

Material Inner Electrical______ B BdoI max !guIred Outer F on 10 deg_ Equivalent
Type Radius, mm Resistivity, nflm T"2/sec Thickness, mm Radius, mm Segment, N/n Pressure, psi

4K Cu lIAR -50 16.10 0.554 155 0.11 16.21 1404.98 72.24
8OKOFHC 15.40 2.00 154.30 0.40 15.90 1640.75 87.09
80 K Berylco 2 15.40 85.00 155.00 17.00 32.40 3204.52 111.38
80 K Amzlrc 15.40 3.64 155.00 0.73 16.13 1337.96 70.50
80 K Glidcop 15.40 3.10 155.00 0.62 16.02 1328.74 70.26
80 1< Cu/Nb #2 15.40 5.40 155.00 1.08 16.48 1360.28 71.30
80 K Cu/Nb HI 15.40 - 7.30 155.00

-

1.46 16.86 1401.51 72.18
80 K Ideallum 15.40 6.00 155.00 1.20 16.60 1378.72 71.58-
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Cu/SS N40= BearnT @ 300K/80K,Lorentz P=88 psi, 3D -
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A Sample of Stress Analyses for CQM Pure
Copper Liner Tube with Evacuating Holes

ANSYS 5.0
OCT 30 1992
11:09:44
PLOt NO. 2
NODAL SOLUTION
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Evacuation Capability & RF Impedance

The design critiria of the liner tube holes:

1. A southands-holeswill fabricated on the liner tube.
The holes were designedto ensure:

The liner pumping speed will be 600 I/rn/s
with a cryosorber pump speed of 3000 1/rn/s

2. Also, the holes must be designed to ensure the Liner
RF Impedance:

ZL/flccO.34 fl
Zrç <<20 pfl/m



The Number and Diameter of the Holes

J. Zbasnic used a Turner-type calculation of holes required for the desired
conductanceshows that a 1.5 mm Dia. with hole density of 2800/rn is a reasonable
choice for a CQM liner magnet bore tube dia. 32.3 mm, liner ID 25.3 mm, radial
gap 2 mm. Also, it is find that the backseatterfraction will be less than 10% in the
case.

Required Hole Density br Quad Liner

Hole dl., mm

Dackscatler Fraction as a Function of Hole Diameter and Gap

Il.luwnMa
fr Il,I.5mmdla

0’ Il2mo1am
---*- IiywndIa

k-- 12, I.SmmdIa
*....*.... fflWflI
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.01
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Wakefields & Impedance of a Perforated Liner
According to the calculation of W. Chou and T. Barts , the peaks

of the wake potential of the perforated liner are given by:

wax = ZOcr3I{61t5122e’/2G2b2
= 0.0577 x d3/a2b2 V/nC per hole

0rnax= Zocr3/{6it5/221/2ob4
= 1.90 x io- x d3/ab4 V/nC/mm per hole

d - diameter of the hole d = 2r, b - the radius of the Liner
a - the rms length of a Gaussianbunch

CM
Zo-

a

The low frequency part of the impedanceof a perforated liner can be estimated
accurately. The plots in next page show that the longitudinal and transverse
impedanceof the liner with three possible Liner IDs. In the calculation, the area
coverage of the holes are kept the samefor different hole sizes. When 1000 holes/rn
and diameter of 2 mm are used, the coveragewill be 3%, 4% and 5% for ID = 33
mm, 24.3 mm and 20.3 mm respectively. The impedancebudget of of the Collider is
also ploted in the figures. When liner ID is 24.3 and hole dip is 2 mm as
the first proposeddimension: longitudinal impedance of the liner is about
34% of the presentbudgetand transverse impedance is about 110%. Since
there is a relatively large safety margin a factor of 6 at the baselinedesign current -

of 72 mA, it should not jeopadizethe beam dynamics.



Calculation Results of Liner Imnedance

1o-t

1o_2
to.

Hole Diameter d mm

Liner TransverseImpedance

jol

Fig. 6. The total impedancesof the liner in the Collider for
dashedlines arethe presentimpedancebudget.a Longitudinal;b Transverse.
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QUAD LINER DESIGN TRADEOFFS

J. Zbasnik 9/30/92

* AssumeQuadLiner thicknessto be 1.5 mm 1 mm Cu + 0.5 nun SS

* This may changea little once the stressanalysisis done,but we think this
assumptionhassufficient strengthto resistthe Lorentzforces

* From Shu’sanalysis fig 1, max deltaT = 14 K, andTave - 90 K

* NBS Cu resistivity value at 90 K is 3 nQ’m fig 2

* At this temperature,c*t = 3 x 105 ft1, thus the speccriterion of 2 x 10 1-i
is satisfied

* A Turner-typecalculationof holesrequiredfor the desiredconductancefig 3
showsthat a 1.5 mm dia hole is a reasonablechoiceneed2800 holes/rn

* A radialgap of 1.5 mm betweenbore tubeand liner will achievea backscatter
fraction of lessthan 10 % fig 4

* Theproposedsupport is dimpledKapton film, epoxiedtto the liner. MSD is
testingan adhesivethat shouldsatisfy the radiationdoserequirement

* Summaryfor the ASSTquad liner:

Bore tube inner dia 32.2 ±.1 from measurements
Liner outerdia 29.1 using 1.5 mm radial gap
Liner inner dia 26.1 assuminga 1.5 mm wall thickness
Pumphole dia 1.5
Numberof Holes 2800/rn 14,000holes total

5-5
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6. Liner Crvosorber

Cryosorber design criteria based on W. Turner:

1. Cryosorber
2. Cryosorber

H2
C02
Co
1120
CH4

pump speed
pump capacity

45%
10%

20%
20%
5%

1200 - 3000 1/rn/s
5 - 20 torr I/rn

5. Cryosorberrecovery fraction
7. Quenchsurvival
8. Radiationdose tolerance
9. Up to air accidentrecovery
10. Thermal cycle 25

300K max
<80K for H2
.c 300K for all gases

98% per generation,25 cycle
100 quenchesover 25 yrs
1400 MRad over 25 yrs
> 90% recovery per accident
No deteriorationof pumping
performanceor adhesion

11. The cryosorberis bonded to the inside of the SSC magnetbore tubesupto
15 m length, nominal ID = 32.3 mm and operatingtemperature= 4.2K

12. The cryosorberis to be applied at ambienttemperatureafter magnet
fabrication and measurement.
13. The cryosorberfaces the 80K outer surfaceof the coaxial liner with

minimum gap =1 mm at cooling tube and around4 mm elsewhere.

3. Cryosorber
4. Cryosorber

activation temperature
regenerationtemperature



Three phase cryosorber development program

* Phase I

- definition of options
- short tube -1 m requirements tests*

* Phase II

- long tube -5m vacuum simulation experiments*
- long tube up to 15m ASSTII half cell system test*

* Phase III

- production

* Tubes are to be supplied by the SSCL



Phase I&II milestones

* Agreement between SSCL and contractors on Nov. 92
statements of work

* Complete initial study, identify two or three Dec. 92
candidates for cryosorber - 0g. charcoal,
porous Ag

* Begin experiments measuring the pumping Jan. 93
speed and capacity of cryosorber for H2,H20,CH4,
CO and C02 and the mixture given in Table 1.

* Initial measurement of cryosorber pumping Feb. 93
speed and capacity in the presence of an 8OK
liner

* Apply cryosorber to initial im long bore tubes Mar. 93
approx. 3ea for each cryosorber to be tested to be
used In photodesorption experiments

* Measure pumping capacity recovery fraction Apr. 93
over 25 cycles for the gas mixture given in
Table 1



Phase I&II milestones contd
* Apply cryosorber to initial 5m long bore tubes May 93
to be used for vacuum simulation experiments
approx. 3ea for each cryosorber to bo tested

* Initial test of cryosorber adhesionand pumping June 93
characteristics after 25 thermal cycles between
40K and 294°K

* Initial short sample test of cryosorber adhesion July 93
and pumping characteristics after 100 quenches In
an SSC dipole magnet

* Apply cryosorber to an ASSTII Collider half cell -. Aug. 93
5ea 15m CDM’s,lea 5m CQM and lea 3.5m SPfl
spool piece

* Initial test of cryosorber adhesion and measure- Aug. 93
ment of the pumping capacity and the pumping
speed of cryosorber samples exposed to radiation
doses of 1x108, 1x109 and 1.4x109 MRad

* Program review and definition of future Sep. 93
investigations

* Submit reports on evaluation of cryosorbers Apr. 94



7. Liner Conceptual Structure in SPRA CVI

The modified SPRA incorporatedwith a BPM at the left end is shown in Figure 6.
The SPRA liner conceptual design is shown in Figure. The interconnect shall
incorporatea dual armed spool designedas an interface that allows the 80-K He
cooling tube to wrap around the liner and thus provide the means for end cooling of
the liner at the return and location of the CQM and the lead end location of the SPRA.

The liner at this location shall incorporatea thermal contact joint with the CQM
liner, the liner is discontinuousas routed through the BPM.

The return end of the SPRA within the interconnectregion has room for only one
dual armed spool. This unit must be designedto provide the 80 K He cooling access
for the CDM liner. The RF joint at the location must be sufficient to allow for thermal
expansionand thermal conductionto allow for minimal cooling of the SPRA liner.
The liner at a length in excess of 4 meters must dependon the return end for 80-K
cooling. The LN2 line shall be modified to incorporatecooling spools at both the lead
and return ends of the SPRA. The cooling spools shall be designedto allow for the
insertion of the 80-K He cooling tube and also the exiting of the tube as routed
through the SPRA.

The liner cooling tube shall be continuousin length through the LN2 80-K supply
line without weld joint exposedto 80-K LN2.



A Collider SPRA Schematic
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A Schematic of Spool Piece Liner with
The End Coolirw and RF Joint between the CDM and The COM

BEAM

QUAD RUPOLE

SPRA

Cd,

BLB

A--A

SPRA End Condadive Cooling Liner



8. The Interface between BPM and the Liner

The conceptualdesign of the interfacebetweenthe Beam Position Monitor and
Liner is in progress. The problemwe faced is to maintain the systemperformance
of the BPM while it is incorporating changes in cryogenic design. The RPM
system electrical center-line to sextupole magnetic axis must be known to less
than 0.1 mm. The BPM detector should have long term mechanicalstability and
reliability. Additional heat leaks should be maintainedbelow the 200 mW to 4K
budget. RF continuity for image currents, good RF transitions, and impedance
below 50 micro-ohms should be maintained.

The figure 8 shows two options of the proposed conceptualdesigns of the
interface structurebetweenthe RPM and Liner. The upper one is a liner with a

- 80-K BPM. the advantageis that the liner ID equais the BIPM ID, so the RF
impedancemeetsthe requirement. But the heat leak through the re-entertube is
large. The lower one is a liner with a 4-K BPM. The structure is simplicity, but
the ID of the liner is much less than the ID of the RPM. Therefore, the RF
impedanceis hardly to meet the requirement. Further study to define a final
conceptualdesign structure is in progress.



Collider Requirements

* X, Y and ‘b at niches,X or Y otherwise

* ClosedOrbit Resolution 25 pm.

* Pos.Accuracy wrt sext. 100 pm. rrns

‘1b2X107t01X1010ppbS4dB

* 13 MGray radiation field

* 200 mW @ 4K Heat Load max.

* 4 electrode5O2Stripline Monitors

*25.tm@72mA,4MHzBW.

* 100 pm. with in situ calibration.

* Log Amp Dynamic Range=60 dB

* 316L S.S.I Alumina / PEEK cable

* <100mW / Vacuum F.T. proven

SSC Laboratory SR Liner Vacuum Meeting

BASELINE RPM SYSTEMREQUIREMENTS

*1>,

Proposed

00

* BPM not an aperture restriction * Electrodesshadowedfrom SR



The Regular Assembly of a 4-K BPM on a
Collider SPRA without Liner

LEAD END

PHASE UPPER END PLATE
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SSC Laboratory SR Liner Vacuum Meeting

4K & 80K CONCEPTS

* Concent#1 Preliminary Desij!n ConceDt#2 Not develoned

BPM @80K BPM@4K

Low heatleak. -‘235mW/4K Heat leakmaybe aproblem.

No impacton machineimpedance. May requirecopperremoval.

May impactmachineimpedance.

May requireP1 insulatorin beamvacuum. No extraorganicsin beamvacuum.

Overpressure 20 atm. beam tube overpressureconcerns. No impacton pressurerating.

Increasedlocation tolerancestack-up. No impacton locationtolerance.

Small impact.Radiationeffectson P1. Small impactif RFjoint required.

DisciDline

Heat Leak

Impedance
00
4-

Vacuum

Accuracy

Reliability

Cost <30% costimpact <30% costimpact



A 80-K BPM with A 80-K Liner
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A 4.2-K BPM with A 80-K Liner

&H4’D VncttA’I

Co
6

/40 E’J0

p,cE

SW,. Ihvu,w

a’ /Ocnt.

ê rrna y’a lu o. snnj

6 Nor size A /19mw i

n-s.-,,,

net -

4-K rww1
p. MAP.T’-

iofH

0aM4t..7$;O q. *c t. ,ri...

K,

taur CAWVeA7E /‘WVWnre °‘

/0CM, S.C 1Z’an.
d StAn NtS,7nG?

I, S/LkE tt47E OLnflt trCu -

ONlY IN p.crnzy 0c cota.lcr

2. B tC, ti7b &,rr4

3. S7RtP Cu 4tnet dICk A

10 CM ss,ora

4’. 4’tAr ICAt Ar Fca’dC f,v.D 2oorntY



9. Interconnect Region: Cryogenic & Expansion
Joint, RF Joint and Heat Exchanger

There are several unique requirements associated with employing
a liner inside the beam tube:

1. There will be a RF joint between liners, but beam tubes.

2. There will be transition joints from 80 K to 4.2K.
Therefore, well designed low heat leak cryogenic joints are
required.

‘P
- 3. The thermal concentration and thermal expansion must be

considered.

4. For end conductive cooling, there will be a small compact
heat exchanger.

5. To reduce the schedule impact of a liner on the collider,
there may be another small compact heat exchanger tube
soldered outside surface of the 80-K LN2 line

6. A good thermal contact joint may be needed to end cool
the CQM



A Conceptual Design
of the Comprehensive RF-Cryogenic Joint:

A concepts for the transition of the cooling line through the beam tube was
developed by Wayne Clay. The concept introduces an interconnectpiece specifically
designedto passthe cooling tube out of the beam tube. This piece would be inserted
betweenthe InterconnectBellows and the Beam Tube Flange. The bellows would
have to be shortenedto accommodatethis additional piece. The conceptwas adapted
to the ‘flow through’ cooling line system i.e. the cooling line enters at one end of
the magnetand exits at the other and also to the treturn loop’ system the cooling
line entersand leaves from the sameend of the magnet. The conceptuses100 mW
heat leak as a design objective per joint. The flow through systemrequiresa bellows
to accommodatedifferential expansionwhere as the return loop system constrains
only one end of the liner allowing the other to slide within the beam tube. Assembly
of the flow through system appears to require liner installation during magnet
fabrication, whereasthe return ioop system feasibly can be installed on a finished
magnet. Further details will be developed on these concepts to support analysis.

The 20-K thermal bridge is used to reduce the heat leak to 4.2-K
region. A detail thermal analyses was conducted by W. Clay, that
total heat leak to 4.2 K is 50 mW and to 20 K is 150 mW. The RI?
joint design is carried out and will be test at the RF group of ASD.

The mechanic design of the compact heat exchanger and the
good thermal contact joint will be performed by W. Clay’s group
based on Q. S. Shu etc’s previous calculation.



A Conceptual Design
of the ComDrehensive RF-Crvogenic Joint:

r2b

Q 4z

Connection between Pr Join
and Liner.

RE Join,

2 X Bellows with 0.25
wa31 and 30mm ID.
Before convolutions
are formed the tube
is 300 mm long

205mm

2X tO cm long tube
with 30 mm ID and
093mm wall

2 Brushed Cu Coating
around 00 of Sellows 5leeve

ASSI Beam Tube Flange

S.
25.3 mm ID Dipole Ltner

‘S

I.’

Cooling tube with 14 degree angle
arid 0,64mm waIl thickness.

RF Join
CW. CMye4c

"a
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10. Liner Support

Main Consideration

1. Total heat leak through supportsper dipole 0.5 W
2. Deflection of support must be meet the requirement
3. Long term stability and quenchsurvivability
4. Good vacuum propertiesof support materials

The support status:

1. A ‘bird cage’ liner supports were designedby J. Zbasnic as shown in
next page. A cryogenic heat leak test facility for the support was developedby J.
Meddocks. The first seriesof runs showedthat the heat leak through each support is
around 150 mW.

2. G. Morales performed mechanicalanalysis on the support. The analysis
bounds the required spacingof the supports to under 2 m. The design constraint is
to limit liner tube deflection to less than 0.5 mm radially. Three constraints were
analyzed,one with the ‘bird cage’ fixed at both ends, onc with it fixed at one end
only, and one that minimized the thermal contactarea.

3. To have three supportsspacedat 1200 insteadof the four currently being
modeled was suggested. Tifis would require placing the 80K He cooling lines on the
liner horizontal mid-plane insteadof the current plan of the vertical mid-plane. Also,
high thermal contact resistancematerials were consideredto be put on the top of the
support, where the support contacts the 4.2-K wall.



The Dimension and Shapeof the Liner Sunnort

S.O mm

H H

I ‘43 mm Wall ThicKness Dy

--c--ji
&Omj F 54rnn, H 6; 1

I

T

riodel A

Free to Slide ir the X D;retlon

Model 6

3 mm Free to STIJe In the X Direction

Model C
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The Results of Mechanical Analysis

TABLE 1: Stress Values for the Liner Supports

Model Displacement Maximum Factor of Safety
mm Von Mises Stress

MPp
Yield Strength/

Von Mises’
A 0.25 136 2.94
A 0.50 284 1.38
A 1.00 613
B 0.25 72 5.57
B 0.50 143 2.79
B 1.00 288 1.38

TABLE 2: Stiffness Coefficients for the Liner Supports

Model Forc
N

e Displacement K
m’ kN/m

A 900 0.0398 22.6
B 260 0.0124 20.9
C 260 0.0168 15.5

TABLE 3: Deflection of Supports with Various Spring Constants

Spring Deflection of Total Max Deflection Sag in Pipe
Constant Supports of Liner

kN/m mm mm mm
10 1.00 1.70 0.70
20 0.50 1.20 0.70
27.3 0.35 1.10 0.75
30 0.32 1.00 0.68
40 0.24 0.97 0.70
50 0.20 0.89 0.69
60 0.16 0.85 0.69
70 0.14 0.83 0.69

Infinite 0.00 0.69 0.69
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IV The Physics & Engineering Analysis

The physics and engineering analyses are one of the most
important aspects in the liner system design work in order to
remove the risks in the Liner design and future operation. These
analysis including the mechanics, thermal dynamics, vacuum
performance, RF impedance, quench induced Lorentz force, ASME
code, hydrodynamics and material performance and cryogenic
performance have been carried out. The followings are a list of
the items performed or will be conducted.

1 Liner vacuum analyses. almost completed-tobe modified
2 Liner RF impedanceanalyses. in progress
3 Liner cryogenic and thermal performanceanalyses.almost completed

for CQMISpooI, but need to consider the thermal conductingjoint and
make sure the compactheat exchangerworks

4 Quench induced Lorentz force, stressand ASME code analyses. almost
completedfor liner in dipole, but need to considerthe liner tube with
holes and the effect of the magnetoresistivity

5 The liner hydrodynamicperformanceanalyses.completeseveral cases
6 The liner tube material performanceanalyses.completeseveral cases
7 The heat transfer of the liner support analyses.in progress



V The Verification & Demonstration Experiments

Five engineering experiments have been planned to perform the
design verification & concept demonstration, including the heat leak
of liner support, quench survivability, magnetoresistivity,
cryosorber development and The RF surface resistivity of the liner
tube. The followings are a list of the items planned and the status
of two on going experiments.

1 The experimentof the heat leak through liner supports.the experiment
hasbeen conductedand some results are produced

2 The experimenton quenchsurvivability of a liner tube with supports
test equipmentis under construction. The test is scheduledto be
performed in December1992.

3 The magnetoresistenceof the combined liner tubes at 80K will be tested
through a contract with NIST. The SOW was submittedto SSCL from
NIST. The SSCL need to go through the procurementprocedureto
confirm the contract.

4 The experimentson Cryosorberwill be developedand testedthrough
vendors by contract.

5 The RF surface resistivity at the 80K of the Liner tube will be testedby
other National Laboratory through contract. We are starting
negotiation with the Cornell University and will be discusswith Los
Alamos National Lab.



VI The Further Development

A final down selection will be performed based on the results of
our studies to develop a mature engineering design. Each sub-project
leader already provide at least two design conceptual for further
development. A final conceptual design selection meeting will be
held as internal review prior to starting detail engineering design.

In order to accomplish the task of Liner System Design, the
following work will be conducted:

1 Continue the supporting analysesand experiments.

2 Complete the design conceptual selection by 10/30/92.

3 Perform the engineering design no later than 10/30/92,
procure and fabricate the ASST II prototype liner system.

4 Develop the instruments, install and test the liner System
at ASST II. the personnel for test instruments is still
TBD. It is imperative to have a engineer with the
expertise on board ASAP

5 Prepare to develop a collider liner.



ASST II Liner Milestones ‘Based on Dr. W. Turner

Issues Starting Date

1. Appoint Liner System Design leader 6/1/92
2. Develop a WBS of ASST II liner 6/15/92
3. Organizedthe Liner Design Team 7/1/92
4. Issued a liner design requirement 7/15/92
5. StartedTrade studies 7/15/92
6. Started developing design concept 8/1/92

& physics and engineering analysis
7. Started prototype conceptualdesign 8/15/92
8. Final selection of conceptual design 11/1/92
9. Start engineering design 11/15/92
10 Long lead items procurement 11/15/92
11. Procurement/Fabrication 1/1/93
11. CDR of liner design 2/93

Issue Liner Design Repot w/o test results
12. Assemble liners:

CDM liner 7/5/93
CQM liner 7/5/93
Spool liner 7/5/93
Spool Mod’s complete 6/7/93
BPM Mod’s complete 6/7/93
Assemble interconnection parts complete 5/31/93
Instrumentationavailable for ASST Ii 5/31/93
Cryo-Iine available for ASST II 5/31/93
Cryosorber available for ASSY II 8/1/93

13. Assemble half cell in ASST II 8/10/93
14. Test half cell Liner in ASST II 10/5/93
15. ASST II liner test complete 12/28/93
16. Issue a completeASST H Liner Design Report 2/2/94



VII The Selected Drawings of liner
Concentual Design



support

Bore tube 4t

Cryosorber
42k

liner

ASST H CQM Liner
ASST II CDM Liner

Figure. The Cross II dipole liner, ASST H

cooling tube SD K

Collider CUM Liner

section schmatics of the ASST
Qudrupole liner and Collider dipole liner.
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The Structure of an 80-K BPM with A 80-K Liner



CDM

of’ CDM retrofit liner assembly with flow return coolingFigure. A schematic
loop and liner interconnet components



Cold mass

Insulation

4.2-IC magnet bore tube

30-IC Liner

Figure -. The A-A section of the interconnectregion of a collider dipole magnet
with a retrofit liner assembly.
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Insulation vacuum

SO-K

80-K He cooling tube

A three dimension plot of a COM liner with a flow return cooling loop.

cryogenIC box

80-K LN2 line

20-K thermal bridge

Figure.



A longitudinal cross section of the interconnect region between coiiider

80-K He cooling tube
20K THERMAL
BRIDGE

DIFFERENT AL
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Figure.
dipole magnets with a retrofit liner assembly.



CQM

Figure. A schematic an end conductive
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of CQM retrofit liner assembly with
cooling ioop and liner interconnet components



Insulation vacujm

s0-IC He cooling

A three dimension plot of a CQM liner with an end conductive cooling.

to

80-K liner

Cryogenic joint

SO-K LN2 line

20-K thermal bridge

Figure.



SPOOL

Figure. A schematic of Spool Piece
conductive cooling loop and
of the interfaces of collider

retrofit liner assembly with an end
liner interconnet. The cross section
spool piece, BPM and CQM are indicated.
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Figure. A longitudinal cross section of the interconnect region between a

GOOD THERMAL
JOINT

THERMAL
BRIDGE RF-JOINT

INSULATOR
SPACER

collider quadrupole magnet and spool piece with BPM.



Figure. The end connection of the dipole liner with the RF joint.
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Figure. A schematic of RF joint to be modified for collider liner.


