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LHC Main Dipoles

Review of current topics

Radiography of welds

Non destructive testing

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 objectives 

-

Why checking the welds

4

Assure the integrity of the cold mass envelope, i.e. of 

the helium II containment vessel

Þ

functional requirements

+

Mechanical resistance, especially for the 

longitudinal welds where higher stresses are 

induced to compress the active part assembly

+

Tightness against helium II, insulating vacuum and 

ultra high beam vacuum for a few welds

3

Maintain this integrity over the lifetime of LHC

3

Contribute to a reliable and successful operation of the 

machine
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Which welds and what specification

4

Welds are made between the parts of the cold mass 

envelope (shell to shell, shrinking cylinder to end 

cover, end cover to interconnection fittings, diode 

container, N

-

line, capillary, …)

4

Welds have to be inspected according the Technical 

Specification LHC

-

MMS/98

-

198 Rev.1.1, Annex B31 

“Safety tests”

4

All tests specified in Annex B31 are mandatory for the 

first 10 cold masses of each CMA Contractor. Then, a 

review of the requirements in this matter is foreseen
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Further motivation

4

Start the series production on solid foundations as far 

as welding operations are concerned, the aim being to 

get quality welds

–

Work according qualified welding procedure specifications 

(WPS)

–

Welding operations by qualified welders only,

–

Set up a certain quality level and make it applied by the 

CMA Contractors
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The acceptance criteria

4

Reference is made to the European standard 

EN 25817, “Arc welded joints in steels 

-

Guidance on 

quality levels for imperfections”

4

Class “B” is used as level of acceptance on the 

imperfections

4

The class of acceptance is chosen depending on:

–

The design parameters

–

The operating conditions (static or dynamic loads, 

temperature, environment)

–

The consequences of a failure

–

The economical aspects to a certain extent
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The acceptance criteria, 1

4

Imperfections are classified depending on their size 

and their shape

4

There are two main types of imperfections

–

The 

linear defects

, L/W > 3 mm (e.g. crack, lack of fusion, 

pipes 

“

soufflures vermiculaires

”

)

and solid inclusions 

are 

all 

unacceptable

–

The 

non linear defects

, isolated or grouped (e.g. round 

imperfections, pores, blowholes), 

can be accepted

when they 

are 

smaller than the acceptance criteria

(for example, 3 mm 

for a pore in the shrinking cylinder 

-

0,3 x wall thickness)

4

The Technical Specification says that, whatever type 

of defect, imperfections which size 2 % of the wall 

thickness shall be detectable 

Þ

sensitivity of the 

radiography
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The acceptance criteria, 2

4

Linear defects are not accepted because most of them 

are “open ended” imperfections (“

défauts évolutifs

”). 

They can become worse on the effect of the operating 

conditions (combined thermal and mechanical 

stresses or stress concentration around a defect)

4

Non linear defects are fixed, they do not change in 

time, whatever operating conditions
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Experience at the Magnet Assembly Facility

4

Longitudinal welds of all cold masses produced at the 

MAF have been fully

radiographed

(X

-

ray according 

to B31, Section 2.1)

4

Circular welds have been checked only once for trying 

the 

g

-

ray technique (B31, Section 2.2). Extension of 

the inspection reduced to 20 % of the circumference 

(a great part of the weld is in the shadow of the spool 

pieces and other parts inside the end cover)

4

The numerous welds in the interconnect region, of the 

diode container and of the N

-

line tube have not been 

inspected so far
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Experience at the Magnet Assembly Facility,1

4

In the last 6 cold masses, all 15 m long, assembled at 

the MAF, the main imperfections detected in 

longitudinal welds were:

–

Lack of fusion at the root face and between weld beads

–

Lack of penetration

–

cracks

–

oxidation (so

-

called “

rochage

”)

–

Pores and blowholes
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Experience at the Magnet Assembly Facility,2

4

Imperfections detected in longitudinal welds of the 

first pre

-

series cold mass MBB_A01 (STT root pass 

and 3 MIG filling passes):

–

Lack of fusion at root pass of about 4 mm, repaired

–

Lack of fusion between passes of about 20 mm in total, not 

repaired (low contrast and local imperfections)

–

Transverse crack of about 10 mm length on filling passes 

(normal to main axis of the weld), repaired

–

Several lacks of fusion at the level of the root pass for a tota

l 

length of less than 200 mm, not repaired (low contrast and 

risk of finishing even worst after repair)

–

An acceptable number of isolated pores and blowholes, not 

repaired
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Risks and consequences

4

No risk for personnel, individuals

4

Potential risk of degrading the machine performances

Examples:

–

Lack of fusion 

at the root of the longitudinal weld, if 

important or if become worse in time (increase in size)

Þ

local loss of pre

-

stress on the active part assembly 

Þ

possible degradation of magnetic performances (quench, 

field quality)

–

Crack normal to the surface of the shrinking cylinder, if 

opens in time under stress conditions 

Þ

possible leakage 

towards insulating vacuum

–

Similar case for welds in relation with the beam vacuum 

(interconnection flange at the end of the cold bore tubes)
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Alternative techniques

4

Ultrasonic testing

–

More complicated than radiography in our particular case

–

Direct scanning (straight beam) of the weld surface is not 

possible 

Þ

need to scan along the edges of the weld (angle 

beam method, left and right) 

Þ

reflection technique might 

be necessary

–

Dead zone likely unavoidable around the crown of the weld 

(external surface)

–

Time consuming method

–

Interpretation might be quite complicated

–

Immersion technique, which would be easier, not realistic in 

our case
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Alternative techniques, 1

4

Die

penetrant

examination

–

Provides for detection of surface imperfections or of 

discontinuities open to the surface (“

défauts débouchants

”)

–

Does not help for imperfections within the weld or at the 

root side, which is not accessible
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Alternative techniques, 2

4

An interesting alternative to radiography would be the 

implementation of a “quality control” during 

production

4

“Quality control” means:

F

Established assembly procedures

F

Qualified welding procedure specifications (WPS)

F

Qualified welders

F

As much as possible automatic, rather than manual or 

mechanised

, welding processes (reduce to strict minimum 

the intervention of the welder/operator)

F

Raw materials and filler metals adequately specified
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Example: longitudinal weld

4

Assuming:

–

A fully automatic welding

-

press 

–

A laser tracking system measures the actual welding gap and 

therefore the local volume of the weld. This system provides 

information to the welding machines

–

The welding machines are controlled by the laser tracking 

system and the welding parameters are adjusted in real time 

according to a set of pre

-

established 

programmes

–

The welding parameters are recorded

–

The images of the weld

-

pool seen from a camera viewing 

system are recorded 

–

Qualified WPS and welders

–

Certified raw materials and filler metals
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Example: longitudinal weld, 1

4

A systematic inspection of the production coupons 

(extremities of the shrinking cylinder, cut off before 

installation of the end covers, about 2 x 260 mm) of 

each cold mass

And

4

A full inspection of the welds for one cold mass in 20 

(… to be defined)

Should be sufficient to guarantee an adequate 

quality level on the entire production
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Conclusions

4

X

-

ray examination

is adequate for checking the 

quality of the welds that close the cold mass envelope. 

It is technically feasible. It gives a complete 

information and is reliable. It is accessible to any 

qualified personnel (

cofrend 

I and 

cofrend 

II)

4

There is no promising alternative, technically and 

economically, to replace the radiographic 

examination of welds

4

Extensive checks are required on the first 3 x 10 cold 

masses in order to set up quality levels and to begin 

the series production the right way

4

Requirements in terms of non destructive testing of 

welds will be reviewed on basis of a real experience 

from the first 3 x 10 cold masses

 

Comments

We have left a certain degree of flexibility to the manufacturers concerning this operation during the series production. We will ask them for the price of a complete check per unit, and for checking the longitudinal and circular welds separately. The stress in circular welds is half with respect to the longitudinal welds; therefore the risk of defects is mush less.  We are considering the idea of not checking the circular welds at all.

Questions and answers

· Why don’t you use the eddy current method for detecting defects in the welds?

Because the eddy current method gives information about the presence of defects but not about their type.

- Do you plan to check the entire series production?

At the beginning, we will strictly check the production. Later, if the welding procedure will be respected, we will do only spot checks.

