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Remarks

This report, Report on the ASST II Liner Status, was prepared under the request of
PMO (SSCL Project Management Office) and followed the guideline provided by Dr. Gerry
Dugan (SSCL Deputy Project Manager). The report discusses various technical design
issues needing resolutions for the ASST liner and reports the status of the liner program.

The Liner System Design Team was organized in July of 1992. The team consists
of members from PMO, MSD and ASD. The liner is designed as an option to resolve the
concerns due to the synchrotron radiation and accompanying photodesorbed gases. The
major responsibility of the design team is to develop a workable liner prototype for the
Collider. The liner prototype will be validated in ASST 1L

The challenges that this design team is facing can be summarized as follows:

(1) A technical challenge with no previous experiences to be directly drawn from.
The SSCL Coliider is the first proton superconducting accelerator designed to operate at
high enough energy (20 TeV) and beam current (0.072A) that may require a liner. The
SSCL Collider will produce a synchrotron power of 0.14W/m (18kW into 4.2K for the two
rings). This power may trigger the concerned impact of photodesorbed gases. Many
intertwined technical problems must be considered and resolved in the liner design.

(2) A schedule challenge that must catch up with many years of magnet design
efforts. When the liner design team was organized, the magnet programs had been well
developed for many years. To reduce the cost and schedule impact on the magnet program,
the schedule of the liner development must be very aggressive.

The liner design team performed the following tasks in the last four months. Four
trade studies were selected to establish the liner design and to minimize the cost & schedule
impact on the collider. The physics and engineering tasks were focused on the removal
and/or reduction of the risks that a liner design can have on the operation of the collider.
Demonstration and verification experiments were planned to validate the concept derived
from our studies. The final selection of a conceptual design is well in progress. The
detailed engineering design of several items began in November of 1992,

Significant progress has been achieved because of the great team spirit, the
extremely hard working members, and extraordinary administrative and technical support
from the SSCL divisions. I would also like to devote my personal appreciation to Dr. G.
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 summarize and to present this excellent work of the Liner
System Design Team.

Quan-Sheng Shu

Liner System Design leader
SSCL MSD

November 27, 1992 (revised)
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Temperature Distribution Along A Liner

With End Conductive Cooling

Data from "DT-end cooling/Q. Shu-K. Yu
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The effect of surface temperature correction on the temperature
distributlon along CQM by conductively end cooling .

Data from "DT-end coollng/Q. S. Shu, K. Yu
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Spool plece, m

Temperature distribution along Spool plece by conduclively end
cooling with several emisslvilies of the Liner outer surfaces,
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Temperature distribution along

a liner with end conductive cooling

DT, K,Cu=1mm

DT dus to end sasling, K

CaM DT - m /Q. 5. Shu- K. Yu
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Temperature distributlon along CQM by conductively end cooling
with several emisslvities of the Liner outer surfaces.

_Dain from "Qudrnfecooling®
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Three Options of Magnet
Beam Tube IDs and Liner IDs

1. ASST i Test:

1mm COMID  ank e Liner ID CQM ID

—42.3mm
.
l 25.3mm 32.3mm
[rrrrr s //////ﬂ////AJ}
| i ar v v &
[
T | A S BRI P LT LA LT TS ETELEL TS T2 ST TIE LTS EL LTS FITLTI TS EFI TSI S TTEE TSI TSR IETIT IS FSTETLES TSI FESTEESES.
Y
| rtrs FTTI AL S A LT TATLTLLLILT SIS z e Pl AL AL T AT (lA LTS LLL LTS TS TEESE LTSS L AALL IS TES TS

\\ | ,,,,,, rrrrrrrrrrrrrrra
80K He + | 80K He

2. Exsisted Collider Design:

__CDMID  80KHe, LinerlD CQMID
32.3mm l _20.8mm —32.3mm

| 70 - IIIIIII[[II‘j/ \\

| rurrs FLLLLLE S ST LLTTFL LTS LSS LI TS LSS PIT TSI VT ETIEL AT TAGITLETEFLTITSSTTTITEL LT TTISIIEEETI TS FEEFEETETESEILLITIT

FIILILESITLLITSTTT LTI ETTLTTT LTI TIPS ITTITI TS TIIITE LTSI TSI IS

l

80K He

3. Wished Collider Design:

1mm CDMID Liner ID
80K He COMID

—42.3mm 80KHe, 30.8mm l © 45 9mm
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Pressure at the outlet of each half cell [Pa]

D(hydraulic) = 4 mm.  Mass flow = .25 g/s

3.00e+6
8 dP( empirical model)
* dP(ideal gas model)
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Calculation Results of Liner Impedance

(@)

Longitudinal Impedance Z,/n ()

10-2 e, N e

1’ 2 3 & 10!
Hele Diameter d (mm)
Liner Transverse Impedance
10°

¢b)

Transverse Impedance Z. (MQ/m)

100 " - i
10° F3 3 4« 10!

Hole Diameter 4 (mm)

Fig. 6. The total impedances of the liner in the Collider for three possible liner IDs. The
dashed lines are the present impedance budget. {a) Longitudinal; (b) Transverse.
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QUAD LINER DESIGN TRADEOFFS
J. Zbasnik 9/30/92

» Assume Quad Liner thickness to be 1.5 mm (1 mm Cu + 0.5 mm SS)

» This may change a little once the stress analysis is done, but we think this
assumption has sufficient strength to resist the Lorentz forces

» From Shu's analysis (fig 1), max delta T = 14 K, and Tave ~ 90 K
« NBS Cu resistivity value at 90 K is 3 nQ-m (fig 2)

« At this temperature, o+t = 3 x 105 Q-1, thus the spec criterion of 2 x 105 Q-1
is satisfied :

* A Turner-type calculation of holes required for the desired conductance (fig 3)
shows that a 1.5 mm dia hole is a reasonable choice ( need 2800 holes/m)

« A radial gap of 1.5 mm between bore tube and liner will achieve a backscatter
fraction of less than 10 % (fig 4)

 The proposed support is dimpled Kapton film, epoxied tto the liner. (MSD is
testing an adhesive that should satisfy the radiation dose requirement)

 Summary for the ASST quad liner :

Bore tube inner dia 322=1 (from measurements)

Liner outer dia 29.1 (using 1.5 mm radial gap)

Liner inner dia 26.1 (assuming a 1.5 mm wall thickness)
Pump hole dia 1.5

Number of Holes 2800/m (14,000 holes total)
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A Conceptual Design
of the Comprehensive RF-Cryogenic Joint;:

Connection between Rf Join
and Liner.

2 X Bellows with 0.25 mm
wzil and 30 mm ID.
Before convolutions
are formed the tube

is 300 mm long

205 mm

2X 10 cm long tube
with 30 mm D and

0.93 mm wall

AU UL

nanhh
0

\

\\\\\\
N
’izl

Z,

and \ s Tube Fi
2 X Brushed Cu Coatin ASST Beam Tube Fiange

around OD of Bellows Sleeve )
-~ 25.3 mm 1D Dipole Liner

Cooling tube with 14 degree angle ~
and 0.64 mm wall thickness. ~

RF Join
w. C/y&f‘:.) %
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The Dimension and Shape of the Liner Support

8.0 mm

4
T

1.143 mm wall Thicxness Dy

ELIHE T ED]

|

e

Model A

Restrained
\ / Free to Slice In the X Direction

\ Y

Medel B

/ Restrained
\ / 3 mm / Free to S1ide In the X Direction

1 —r

Model €
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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 (Yield Strength/
(MPa) 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 Force Displacement K
(N) (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 0.6%

Infinite 0.00 0.69 0.69
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