Insulation—-Fermil.ab Failure at CERN

Cn Tuesday, March 27,2007 there was a serious failure in a high-
pressure test at CERM of a Fermilab-built “inner-triplet” seqies of

three guadrupole magnets in the tunnel of the Large Hadron
Collider. The magnets focus the particle beams pricr to collision at

each of four interaction points around the accelerator.

Preliminary indications are that structures supporting the inner
“cold mass” of one of the three magnets within its enclosing

cryostat broke at a pressure of 20 atmospheres, in response to
asymmetric forces.

Failure to account for the asymmetric loads in the engineering
design of the magnet appears to be a likely cause. The fest
configuration corresponds to conditions that occur during a
magnet quench, when a superconducting magnet suddenly "goes
normal,” releasing large amounts of energy.
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Fermi-Lab/CERN Follow-up

From Tha Sunday Times &pcd 2, 2007

Big Bang at the atomic lab after scientists get their maths
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» £2 billion project to answer some of the biggest mysteries of the
universe has been delayed by months after scientists building it made

basic emors in their mathematical calculations.

The mistakes led to an explosion desp in the tunned at the Carn particle
accelerator complex near Geneva in Switzerland. It bfted a 20-ton
magnet off its mountings, filling 3 tunnel with helium gas and forcing an
Ewacuation.

It means that 24 magnets located all around the 17-mile circular
accelerator must now be stripped down and repaired or upgraded. The

failure is 3 huge embarrassment for Fermilab, the Amernican national
physics |sboratory that built the magnets and the anchor system that
secured them o the machine.

It appears Fermilab made slemsntary mistakes in the design of the
magnets and their anchors that made them nsecurs oncea the system
was operstional

Or Lyn Evans, who leads the accelerator construction
project at CERN, the European organization for nuclear
research, said the explosion had been potentially very

dangerous.

“There was a hell of a bang, the tunnel housing the machine filled

with helium and dust and we had to call in the fire brigade to
evacuate the place,” he said. "The people working on the test

were frightened to death but they were all in a safe place so no-
one was hurk” An investigation by CERMN researchers found
“fundamental” flaws that caused the explosion, close to the CMS
detector, one of the LHC's most important experiments.

Coancidentally, Fermilab stands to gain most from delays at
CERN. Its researchers also operate 3 rival but less powerful

particle accelerator, the Tevatron.
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MName the main source of heat input to the
cold end of a crvostat:

A Conduction through struchural supports
B. Gas conduction and convection

C. Radiant heat transfer

D. All of the above

Thera are mary sources of heat to the cold end of any crvostat.
Here we ask for the mam source without giving any details.

Often most of the beat comves thm sopponts. becanse the cold end is
mazsive (3 mazmet) bot if, for exampls, the dewar 1= not dezigned
properly, the main source can eazilv be radistion. In space applications,
It iz offen comvecton. 5o the answer does depend on the particular caze
being conzidered.

Thermal Insulation-Chapter 7
read it!

MWimimize heat leak=
=Structural Supports
*(7az conduction and convection
*Fadiant heat transfer

Insulating Supports

Conduction dominates heat leak-wanally 1-d betovean 2 reservoirs
Uzs integrated thermal conductivity
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Conductivity Integrals

Power Law Conductivities

n =1 for metals and
=3 for insulators
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Conduction dominates heat leak-n=alhy 1-d betwesn 2 reservoirs
Usze integrated thermal conductiviny
TABLE 3-1
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Insulating Materials

=Bulk Fill

*Fpams

«Layered

*Basic Design Factors
=Definitions: k-value and CVP
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Bulk Fill

MNew materials

«Cabot, aerogel beads (Nanogel®)

sAcpen Aerogels, aerogel blankets (Pyrogel®and
Spaceloft®)

«Sordal, polyimide foams (SOLREXE)
*|nspeckFoams, polyimide foams (SOLIMIDEE)
TAl, pipe insulation panels

NASA Layered Composite Insulation (LCI)

Thermal Conductivity

Material thermal conductity
-rmiliVait per meter-Kelvin [mWim-K]

-FR-value per inch [hr-fi2-degF/Btu-in]

1 mWmK =F144

Thermal Insulating Quality of Various Materials
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Representative k-Values
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