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Title: DFBX Piping Thermal Contraction and Thrust Loads Analysis

SUMMARY

This note reviews the thermal contraction of the pipes in the DFBX under various cool down scenarios
and addresses the thrust loads resulting from various pressure conditions under test. Local supports
sustain thrust loads and provide stability in areas where flex-hose or bellows break the pipe run. The
thermal contractions were found to be acceptable for all test and operating conditions of the DFBX.

DISCUSSION

The piping assembly drawings for DFBXA, B, D and H, E, and F are 251872, 251871, 251235, 251873, and
25I874. DFBXC and G share the piping assembly drawing, 251226. Boxes C and G at locations IP2 and
IP8 have the most complex piping configuration. They were chosen for the initial pipe thrust analysis as
they represent the most challenging routing and support conditions.

The warm locations of the pipes were determined from the cold position requirements at each of the magnet
interfaces, taking into account the thermal movement of the cold masses for both the D1 and Q3 magnets.
The interconnect location for each pipe was determined for the LQXC interface and the LBX interface for
each DFBX. The QRL pipe end locations were not included since the jumper interconnections have flexible
hoses at every pipe and the DFBX pipe end thermal contractions are well below the + 10 mm of adjustment
margin required by the interface specification.’

The thermal contraction for each of the pipes in the DFBX is calculated assuming linear thermal contraction
and an average expansion coefficient of 0.3% for 304 Stainless Steel? for the temperature range from room
temperature to 2K. These calculations predict thermal displacement based on a simple point-to-point length

change for each pipe using the support location as a fixed point and assuming free thermal contraction at the
ends.

For the thrust load analysis, the final configuration of each pipe was considered for stability and the need for
thrust support. Wherever feasible in the revised pipe design, bellows were replaced by flexible hoses in
appropriate locations along the pipe run to permit thermal contraction of the pipe and minimize thrust loads.
Table I lists the pressure conditions for operation and testing for all of the piping. Bellows are used only on
pipes Xb, the pumping line, and the bus ducts for the Q3 and D1 magnets, MQX1 and MBX1, respectively.
The Xb thrust load is reacted by the vertical wall of the DFBX vacuum vessel via support brackets on the
Xb line. (See Vacuum Vessel Note [1].) The thrust loads from the bus ducts are reacted by a support
bracket mounted to the top of the helium vessel. (See Helium Vessel Note [2].)

' LHC-DFBX-ES-0240 rev. 1.1, J. P. Zbasnik, p. 13, LBNL, 2001.
2 Cryogenic Engineering, R.B. Scott, p. 333, Met-Chem Research, 1963 edition reprinted 1988.
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TABLE 1. Pressure ratings of DFBX Components

Piping Subsystem Nominal Pressure (bar) | Design Pressure (bar) | Test Pressure (bar)

Pumping Connections to

Header B 0.016 4 5

Magnet Connections to

Header C 3.6 20 25

Magnet Piping to

Header D ' 1.3 20 25

Thermal Shield Piping to

Headers E, F 19.5 22 27.5

1He Chamber and HTS

Lead Connections 1.3 3.5 4.4
RESULTS

Table A-Iin the Appendix is a spreadsheet detailing the predicted thermal contractions for each pipe. The
X and Z warm positions were derived from the cold positions at the interconnect. The Y-locations were
determined by applying the thermal contractions to the warm Y-locations of the pipes. The contractions at
the QRL interface were not considered as there is flexhose at all QRL pipe connections accommodating any
transverse offset. For pipes with a significant vertical run from the QRL’s the changes are generally taken
up by flexhose in the intermediate section of the pipe. Warm and cold locations of the piping for all DFBX
assemblies are tabulated in the D1, Q3 and QRL interface specifications. [3-5]

CONCLUSIONS

Although most of the cryo-pipes are supported together at the QRL heat shields, thermal contractions due to
various cool down conditions are effectively uncoupled by the use of flexhose in each of the pipes. The bus
duct assembly is the only exception to this design. Its thermal contraction relative to the helium tank is
considered in the helium vessel analysis [2]. The predicted thermal contractions of the pipes under the most
extreme test conditions were found to be acceptable. The thrust loads under test pressures are minimized
and supported by thrust load brackets. The thermal contractions in the X-Z-plane for several of the pipes
are predicted to be greater than the + 2 mm limit. However, these pipes have a short section of flexible hose
near the pipe end to facilitate interconnection and allow greater mismatch in the transverse plane.
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