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LHC Main Dipoles

Review of current topics

Cold mass curvature

Frédéric

Savary

This presentation will probably 

involve audience discussion, 

which will create action 

items.  Use PowerPoint to 

keep track of these action 

items during your 

presentation

•

In Slide Show, click on the 

right mouse button

•

Select “Meeting Minder”

•

Select the “Action Items” tab

•

Type in action items as they 

come up

•

Click OK to dismiss this box

This will automatically create 

an Action Item slide at the 

end of your presentation with 

your points entered.
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The objective

4

Get the active part curved in the horizontal plane

… considering that:

–

The collared coils are straight

–

The yoke is a laminated structure, which does not bring 

any rigidity except from friction between the 

laminations
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The objective, 1

4

By the welding: constrain the active 

part assembly in the welding

-

press

Or

4

By the geometry of the shells
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By the welding in the welding

-

press

4

The shells, like all other components or sub

-

assemblies of the active part, are straight

4

The active part assembly is constrained to 

conform to a given curvature in the welding

-

press 

(bottom frame made curved with thickness 

wedges), which applies a vertical loading of about 

600 tons per unit length during the welding 

operation. This force is needed to close the yoke

-

gap
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By the welding in the welding

-

press, 1

4

In the welding

-

press, an extra curvature of about 

50 % is applied to take into account a spring

-

back 

effect that occurs when the restraint of the press 

tooling is released. The active part components 

tend to come back straight

4

The curvature is maintained by longitudinal shear 

stresses developed in the weld. The welds prevent 

the shells from any relative displacement in axial 

direction. The shells can not come back straight.
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By the geometry of the shells

4

The shells are made curved according to the 

nominal curvature of the active part with

r=2812.360 m, 10.5 mm 

sagitta

for 15.4 m length:

–

Drawing LHCMB__S0143, Convex shell, Lower shell

–

Drawing LHCMB__S0142, Concave shell, Upper shell

4

Like for the straight shells, the active part 

assembly is compressed by the welding

-

press to 

close the yoke

-

gap
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By the geometry of the shells, 1

4

In the welding

-

press, the nominal curvature of the 

active part is applied (no extra curvature)

4

The final geometry of the active part is given by 

the geometry of the shells. The shrinking cylinder 

has a sufficient flexural rigidity to maintain the 

active part assembly curved although all other 

parts are straight
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Advantages and drawbacks

Advantages

Drawbacks

By the welding

Ø

 

Production of shells

easier

Ø

 

Shells are identical,

no pairing

Ø

 

Higher shear stresses are

developed in the weld

Ø

 

Dimensional stability in time:

geometry might be affected by

thermal and mechanical loads,

vibrations during transport?

By the shells

Ø

 

Lower shear stresses

developed in the

weld

Ø

 

Better dimensional

stability

Ø

 

Production of shells not that

easy, need to be re-shaped for

curvature off-line on dedicated

tooling

Ø

 

Pairing of shells required,

more care needed for

traceability and during the

assembly
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Experimental results

CMA

Results regarding curvature

By the welding

Ø

 

MBP2N1

Ø

 

MBP2N2

Ø

 

MBP2O1

Ø

 

MBP2A2

Ø

 

MBP2A1

J

 

Within tolerance

J

 

Within tolerance

J

 

Within tolerance

J

 

Within tolerance

K

 

To be measured

By the shells

Ø

 

MBP2O2

Ø

 

MBB_A01

L

 

Not conforming, reshaped

J

 

Within tolerance

Ê

 curvature lower than

nominal
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CM geometry / curved shells / before correction

MBP2O2, Outer tube
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CM geometry / curved shells / after correction

MBP2O2, outer tube
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Production of the shells

4

Contract is placed for the series production

4

Choice between straight shells and curved shells 

still possible

4

In reality, so

-

called straight shells are curved 

after forming in the tube rolling mill. Therefore, 

the 2 shells are curved (about 9 mm) in the same 

direction

4

Preferred choice of the manufacturer is for so

-

called straight shells (no re

-

shaping off

-

line)

4

Contract placed for curved shells, concave/convex
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Curved shells 

vs

. so

-

called straight shells

Concave / Upper shell

Convex / Lower shell

So-called straight shells


Questions and answers

- Are curved shells more difficult to measure than the straight ones?
Yes, geometrical measurements on curved shells are more difficult than on straight shells because the shell has to be rotated of 90° before measurements. This is for inverting the vertical plane with the horizontal one.

· Do you have to go back to the welding press in case of bad curvature?

No, shells can be re-shaped without press. We have to remember that the geometry depends also from the supporting conditions.  

· Is it not better to give the right shape by the geometry of the shells at room temperature in such way to avoid stress in cold conditions?

We tried to hammer the shells made in the welding press to release the stress in the shells. But this destroyed the geometry. We have to consider that stress can also be induced in shells having the right geometry at room temperature during transportation. Luckily the stress is redistributed during thermal cycles and in case of quenches in any of the two solutions. Therefore, these are equivalent.

Comments

Half shells could be produced of the so-called straight shells type, which are already naturally convex. This should be less expensive that producing curved shells and they would be easier to produce.  

