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[image: image4.wmf]Longitudinal volumes

Surface n.

Description

Symm.

N

Perimeter [mm]

Area [mm^2]

Total area [mm^2]

Total 

volume/m 

[l/m]

1

Collar shoulder 

slot

y

4

44.2

73.7

294.8

0.3

2

Space between 

collar/yoke

y

4

241.0

809.0

3236.0

3.2

3

Lower heat 

exchanger hole

n

1

202.7

2970.0

2970.0

3.0

4

Helium holes

y

4

94.2

706.9

2827.4

2.8

5

Welding holes

y

2

120.0

704.0

1408.0

1.4

6

Insulated ( 54.5 

mm) cold 

bore/coil

y

2

347.1

130.2

260.4

0.3

7

Space heat 

exchanger/hole

n

1

375.5

328.0

328.0

0.3

8

Yoke slot

y

4

70.5

200.6

802.4

0.8

9

New insert 

geometry

y

4

200.0

800.0

0.8

Total free longitudinal volume (l/m)

12.9

[image: image5.wmf]Longitudinal volumes

Surface n.

Description

Symm.

N

Perimeter [mm]

Area [mm^2]

Total area [mm^2]

Total 

volume/m 

[l/m]           

without filling 

pieces

Filling pieces 

Area [mm^2]

Volume Tot 

[l/m]     with 

filling pieces

1

Collar shoulder slot

y

4

44.2

73.7

294.8

0.3

0.0

0.3

2

Space between collar/yoke

y

4

241.0

809.0

3236.0

3.2

312.0

2.0

3

Lower heat exchanger hole

n

1

202.7

2970.0

2970.0

3.0

2376.0

0.6

4

Helium holes

y

4

94.2

706.9

2827.4

2.8

0.0

2.8

5

Welding holes

y

2

120.0

704.0

1408.0

1.4

0.0

1.4

6

Insulated ( 54.5 mm) cold bore/coil

y

2

347.1

130.2

260.4

0.3

0.0

0.3

7

Space heat exchanger/hole

n

1

375.5

328.0

328.0

0.3

0.0

0.3

8

Yoke slot

y

4

70.5

200.6

802.4

0.8

0.0

0.8

9

New insert geometry

y

4

200.0

800.0

0.8

0.0

0.8

Total longitudinal volume without filling pieces l/m

12.9

Total longitudinal volume with filling pieces l/m

9.3

[image: image6.wmf]Free areas

The areas evaluation takes in account the restrictions present  

in the end plates

Flow areas free in the cross section and not blocked by the end plate (min.surface)

Description

symmetric

N

Perimeter [mm]

Area [cm^2]

Total area [cm^2]

Helium holes

y

4

94.2 

7.1 

28.3 

Lower heat exchanger hole

n

1

375.5 

5.9 

5.9 

Insulated ( 54.5 mm) cold bore/coil

y

2

347.1 

1.3 

2.6 

Welding holes

y

2

7.1 

14.1 

Yoke slots

y

4

2.0 

8.0 

Total free area [cm^2]

58.9 

[image: image7.wmf]Free volume 17.4 l/m
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Free area 58.9 cm^2
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----------------------
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----------------------
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0.16
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0.36
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Electrical connections

0.70

Tot. free volume

37.91
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f
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END COVER
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1.00

Tot. free volume

38.10
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[image: image9.wmf][image: image10.wmf]Requirement for filling piece 

material

•

Not fragile at

–

1.9 K

–

after irradiation

–

under shock due to quench wave (2.5

MPa

)

•

Low cost (raw+transformation)

[image: image11.wmf]Estimation of the radiation dose
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The estimation of the integrated dose is:

·

 

Straight part

66(yearly dose)*25(life of LHC)*10(security factor)=1.65E4

 

2

 

E4 

Gy

·

 

Interconnects

700(yearly dose)*25(life of LHC)*10(security factor)=1.75E5

 

2

 

E5 

Gy

[image: image12.wmf]From:

 Compilation of radiation damage test data. Part II, 2nd edition: Thermoset and

thermoplastic resins, composite materials.  M. Tavlet, A. Fontaine and H. Schonbacher.

[image: image13.wmf]BUT ...

“

J'ai trouvé

un

papier

de D.Evans and J.T.Morgan (Rutherford &A. Lab) [ Adv. in

Cryo

. Eng. 

Mat., vol.28, 1982 ] qui 

confirme mes craintes

;

“

-

At very low temp., the abstraction of H atoms would not be expe

cted to differ 

significantly from that produced at RT.

-

Gas evolution during

irrad

. is of minor importance at RT because of diffusion. "For low 

temperature irradiations, however, the release of  gases during 

warming becomes of 

major importance since it is unlikely that even careful control 

of the rate of temperature 

rise will eliminate the sudden release of gas. The effect has be

en observed to cause 

foam

-

like structure, severe cracking...”

“

Marc 

Tavlet 

private communications 11/10/2000
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 Compilation of radiation damage test data. Part II, 2nd edition: Thermoset and

thermoplastic resins, composite materials.  M. Tavlet, A. Fontaine and H. Schonbacher.

[image: image16.wmf]Raw material for end covers 

filling pieces

Ultem

Ryton

Ixef

16.00

16.00

16.00

59

59

59

40.20

25.50

25.50

643.2

408

408

0.7911

0.5018

0.5018

End covers

Epoxy by 

poltrusion

Filled Volume  1 Mag. in l=

16.00

Free volume 1 Mag. in l/m =

59.00



Price tot. LHC dipoles [MCHF] =

0.492

Price  Chf/l =

25.00



Price tot. 1 Mag. Chf =

400

Price only for raw materials

25.0

40.2

25.5

25.5

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

Epoxy by

poltrusion

Ultem

Ryton

Ixef

Chf/l

1.E+04

1.E+05

1.E+06

1.E+07

1.E+08

Epoxy

Ultem (Polyetherimide)

Ryton (Polyphenylene

Sulfide)

Ixef (Polyarylamide)

Gy

no damage

mild to moderate

moderate to severe

[image: image17.wmf]Total cost estimation

•

Filling pieces straight part: 

1.3 MCHF

(51l)

•

Filling pieces end covers:

1 MCHF

(16l)

•

Assembly of filling pieces: 

0.5 MCHF

•

Cost per liter: 34 CHF/l

Total cost for LHC Main Dipoles:

2.8 MCHF
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Actions

· The total free area is 58.9 cm2 (only 2.5% less of the maximum permitted 60 cm2). The LHC-ACR group asked for one month to calculate the effects of such large free area before giving his agreement. This space has to be filled, indeed, with helium, which can be source of inertia or give stability problems. 

Questions and answers

· Why don’t you use wood as filling material?

Wood contains carbon, which deteriorate under radiations. Furthermore, we do not have experience of the wood behavior when at low temperature. Mr Siemko suggested that it could also be painted to avoid damages in the cryogenic plant.

· What about polyester or concrete?

Polyester is extremely fragile and can be source of problems during quenches. Moreover, it is not very radiation resistant. 

Concrete has to be charged with boron to avoid neutron radiation (of the same kind of the concrete used for radiation plant).

