Stability of the external heat exchanger in the inner triplet

C. Garion 7/12/06, 22/12/06
Due to internal pressure, a column instability can occur in a cryogenic line. The study is based on an elastic model of external heat exchanger (first of the H piece). It is limited to the analyze of the interconnection Q1/Q2. 
Assumptions
· Bellows stiffness of H piece: 390 N/mm (found on the specification drawing),

· Tube L simply guided by the spider that supports also the cold mass,
· thickness of the tubes L and M4: 3 mm,

· inner diameter of tube L: 162.8mm

· inner diameter of tube M4: 95.5 mm

· Young modulus: 200 GPa

· Supports with the other tubes are not taken into account

Results (version 1)
The beam model is shown Fig. . The blue, black  and red lines correspond to the L tube, M4 tube and bellows respectively.
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First modes are shown in the following table as well as the corresponding bifurcation pressure. 
	Critical pressure [bar]
	Mode
	Comments



	33.6
	[image: image2.wmf]
	This mode is probably eliminated by the supports installed in the interconnection

	38.7
	[image: image3.wmf]
	This mode is probably eliminated by the supports installed in the interconnection

	39.7
	[image: image4.wmf]
	This mode is probably not eliminated by the actual supports installed in the interconnection


Preliminary conclusion:
A first simple study shows that first buckling modes occur at ~40bars (that doesn’t fulfill the “standard” requirements). A more complete analyze with all lines and supports has to be carried out. Nevertheless, it is possible that additional supports have to be installed in the interconnections to ensure their stability under pressure.
Given the first experience observed during the first inner triplet interconnection, a study taken into account the initial imperfections has also to be done.

Results (version 2, 22/12/06)
Modifications w.r.t. version 1:

· Bellows of M lines: stiffness of 12 N/mm

· Bellows of Xbt lines: axial stiffness of 52.7 N/mm

· Bellows of LD lines: axial stiffness of 171.2 N/mm

· Rigid supports between L, Xbt, LD and M1, M2 and M4.

· Additional supports at the extremity of the cold mass located at 400 mm inside the cryostat.

· Extremity of cold mass lines clamped (cold mass rigid)

First modes are limited to the instability of the bus bar bellows (first mode is around 2 bars). The first modes with significant deformations of the interconnection are presented in table 2.

	Critical pressure [bar]
	Mode

	38.5
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	41.2
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	48.4
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	60.7
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Conclusions:

· First global buckling modes occur at around 40 bars and concern the external cryogenic lines (L, Xbt, LD1). It can be assimilated to a displacement of these lines along y axis.
· Second global modes occur at around 50 bars and concern all the lines.

· Critical pressure is higher than the pressure test nevertheless considering a simplified approach, an initial geometrical imperfection of 2mm (that is easily observed for some lines) can lead to a displacement in the interconnection of the order of 4-6mm!
· Supports have to be added.



























