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LHC Main Dipoles

Review of current topics

Optimisation

of

the cold mass assembly

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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Cold mass assembly workflow

4

Manufacturing process flow diagram applied in our 

MAF in building 181 (valid for the series production 

in industry) based on:

4

Main production line including a number of working 

stations:

–

Preparation bench for collared coils (rotation bench)

–

Assembly bench for the half

-

yokes

–

Welding

-

press and its conveyor

–

Finishing station

–

Vacuum vessel for final pressure testing

4

Satellite production areas

–

Various working areas (e.g., stacking bench for yoke packs)

–

Direct delivery from various suppliers
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Workflow, 1

ROTATION BENCH

Preparation of the collared coils 

sub

-

assembly

Main production line

Collared coils

Insert packs

Shims

End plates 

É

ancillaries

•

Mount end plates

•

Mount shims (collars/insert/yoke)

•

Mount insert packs

•

Make electric connections

•

Install instrumentation

Satellite production areas

or direct delivery

from suppliers
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Workflow, 2

Workflow, 2

ASSEMBLY BENCH

Preparation of the half

-

yokes

M.P.L.

Standard yoke packs

Compensation packs

Combined packs

for yoke extremities

Tie rods, nuts, washers, anti

-

torsion bars

•

Pre

-

assembly of half

-

yoke

•

Fabrication of compensation pack

•

Final assembly of half

-

yoke

M.P.L.
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Workflow, 3

Workflow, 

ROTATION BENCH &

DUMMY HALF

-

YOKE

Preparation of lower half

-

yoke

sub

-

assembly

M.P.L.

Half

-

yoke

Lower shell

D

-

Quadrupole bus bars sub

-

assemblies

•

Mount bus bars in yoke slot

•

Make bus bar embedding (“pt. fixe”)

•

Cover with lower shell

•

Turn over 180°

M.P.L.
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Workflow, 4

Workflow,

WELDING

-

PRESS CONVEYOR

Preparation of the active part assembly

M.P.L.

Lower half

-

yoke sub

-

assembly

Collared coils sub

-

assembly

M.P.L.

Upper half

-

yoke

•

Install lower half

-

yoke sub

-

ass.

•

Check alignment w.r.t. 

horiz

.

•

Install collared coils sub

-

ass.

•

Install upper half

-

yoke

•

Check alignment w.r.t. 

horiz

.*

•

Install dipole and F

-

quad. bus b.

Dipole and F

-

quadrupole bus bars

sub

-

assemblies
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Workflow, 5

Workflow, 

WELDING

-

PRESS

Welding of the shrinking cylinder

M.P.L.

Upper shell

M.P.L.

•

Check alignment w.r.t. 

horiz

.*

•

Install upper shell

•

Prepare the active part for welding

•

Loading, check welding gap

•

Welding of the shrinking cylinder
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Workflow, 6

FINISHING STATION

Cold mass closure and completion

M.P.L.

Cold mass support bases

M.P.L.

End covers, prepared with fittings

N

-

line tube and fittings

Diode container

Corrector magnets with supports

Active part assembly

Capillary (IFS)
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Workflow, 6 

bis

•

Finishing of electric connections and instrumentation

•

Welding of the end plates and tightening of the axial bolts

on pole ends

•

Geometry measurements and determination of the cold

mass reference plane

•

Alignment and welding of the cold mass support bases

•

Alignment of the supports of the corrector magnets

and installation of these correctors

•

Positioning and welding of the end covers

•

Installation of the N

-

line, the diode container, ...

•

Installation of the capillary (IFS)

•

Closure of the cold mass for final RT pressure and helium

leak testing
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Cold mass production planning

4

See Microsoft Project, Workflow

-

planning 1, which 

details the workflow for the construction of the dipole 

cold mass assembly

4

Then extract summary tasks and look for 

optimisation

–

Underline typical time spent on the main working stations

–

Need to have 2 rotation benches (for collared coils and for 

lower half

-

yoke preparation)

–

Need to have at least 2 welding

-

press conveyors

–

Need to split the finishing operations on several working 

stations (23 days!)

–

Finishing stations for measurements and positioning 

operations to be duplicate or triplicate
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Workflow, criteria for 

optimisation

4

Have sub

-

assemblies ready for mounting/assembly in 

sufficient quantity so as to guarantee a smooth and 

continuous flow of cold masses within the main 

production line

4

Separate the preparation of the sub

-

assemblies from 

the main production line (yoke packs, insert packs, 

end covers, ancillaries…)

4

Reduce to strict necessary temporary storage of sub

-

assemblies unless this storage can be separate from 

the main production line and serve as buffer storage
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Workflow, criteria for 

optimisation

, 1

4

Have the welding

-

press fully automatic (synergic 

welding machines controlled by laser seam tracking, 

recording of welding parameters and welding pool 

images)

4

Reduce to strict necessary non destructive testing and 

number of hold points, consider grouping inspections 

especially when the presence of CERN or of a third 

party is requested

4

Have several working stations where operations need 

more time than that spent in the welding press (for the 

main production line, have several conveyors for the 

welding

-

press and have several finishing stations)
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CM production planning, summary

4

See Microsoft Project, Workflow

-

planning 2, which 

summarizes the workflow for the construction of the 

dipole cold mass assembly
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Conclusions

4

Manufacturing plan for the CM construction

–

established and implemented at the MAF

–

adequate for the series production

4

Number of finishing stations to be increased to satisfy 

workload. Two stations with two 3D

-

laser tracking 

machines

4

Number of welding

-

press conveyors to be increased as 

well. Two should be sufficient

4

Assuming a work organization in two shifts, the cold 

mass production planning should allow to attain the 

objective of  two cold masses per week


Questions and answers

· Could you tell us more about the planning of the cold mass production?

The sequence adopted should be adequate to satisfy the schedule. We are still at the beginning of the learning curve, having assembled only 10 cold masses. We have progressively modified the assembly sequence and we are now more systematic about the procedure to follow. At the beginning, the production will be surely slower, but we are convinced that 2 cold mass/week will soon become the normal rate in steady conditions. This rate has been computed taking into account 2 shift/day (total time shorter than 16 hours per day, due to the overlap time).

· Do not you think that we need more than 2 welding presses for satisfying the workload?

No, two welding presses should be sufficient for producing 3 cold mass/week. At Rich, the bottleneck was the positioning and welding of the end covers.

