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Context
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Characterization of the material used for 

the fabrication of the flange 

Timeline :

• 10 min : Introduction

• 40 min : Exercise



Objective
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The goal of this hands-on experience is:

Select the right technical specification based on the use of the
component.

Understand the different sections of a material certificate.

Perform the required measurements on material samples to
complete some missing information in the certificate: chemical
composition, hardness, grain size.

Compare the material certificate with the technical specification to
determine its compliance.



Available material
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This guide: contains all the practical information to use the instruments

you will use for the material characterization. At the end there are some

question that (we hope) will help you understand why do we request all

these material properties.

Technical specifications: curated by the best material experts, they

contain all the required properties depending on the use you intend for

your material. Which one would you use, and why?

Material certificate: a real material certificate you will need to complete

and compare to the technical specification you have selected. Is the

material compliant, or would you like to do a non – conformity report?

Helpers: if there is something unclear or you need help with anything,

let us now!
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Section Requirements Comments Checked

1 Normative 

references

Standards mentioned in the document

2 Requirements According to industrial standards and CERN special requirements

2.1 Manufacturing 

Process

Mandatory step of electro slag remelting (ESR) + solution annealing + multi-directionally forged
Yes             No

2.2 Chemical Composition Co, N, Impurities

2.3 Structure After solution annealing shall be completely austenitic and homogenous

2.4 Inclusions Content Macro-inclusions are strictly forbidden, and micro-inclusions estimated

2.5 Mechanical Properties At room temperature, after solution annealing

2.6 Magnetic Properties At room temperature, after solution annealing

2.7 Surface quality All surfaces shall be pre-machined, clean, and free from scale, paint and any other foreign matter 

that could adversely affect the sensitivity of the non-destructive testing or cause errors in 

interpretation

2.8 Internal Soundness UT and PT

3 Inspection and 

testing

3.1 General Quality control shall be carried out in accordance with an Inspection and Test Plan (ITP) 

established between the manufacturer and CERN

3.2 Test methods Test + applicable standard + extension

3.3 Identification Marking of the products + traceability number between delivered lot and inspection documents

3.4 Inspection certificate EN 10204* Type 3.1 is required

4 Packing

Compliance with the material certificate
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TECH SPECIFICATION
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We need to have a good contact between the 

electrode head (gun) and the sample surface 
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Optical emission spectroscopy (OES)
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Line Number of interceptions
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average number of 

grain boundary 

intersections

Average line length intercepted (A) = total length/average

average grain diameter =  A/magnification



Grain size
Measuring grain size

• We will show you here how to measure grain size from a metallographic preparation. It is simple, intuitive and a

very useful tool.

• When we talk about grain size, in reality, we are talking about the average diameter of of the grains, so it is

important that the grains are homogeneous (at least locally) and that they are equiaxial (more or less round,

not elongated in any direction).

• We need a properly done metallographic preparation, a ruler and a pencil / pen / marker

• We will apply an intercept method, this is, counting the number of intersections between a segment of a known

length and the grain boundaries.

• Tips:

• The longer your segments are, the more precise your estimation will be.

• To reduce systematic errors or biases, draw segments in random directions, not preferential directions.

• The more segments you draw, the smaller your statistical error will be (but do not exaggerate here, remember it is a tool, not a

standardized measurement)

• Be careful with twin boundaries: they are not grain boundaries they count 0.5
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*EN 10204 Metallic Products—Types of Inspection Documents, with a simplified range of inspection documents 

(certificate types) 

Typ

e

Title Summary of EN 10204 Requirements

2.1 Declaration of Compliance with the 

Order

Statement of compliance with the order by the manufacturer.

2.2 Test Report Statement of compliance with the order by the manufacturer based on non-specific inspections (tests) 

by the manufacturer

3.1 Inspection Certificate Statement of compliance with the order by the manufacturer with results of specific inspection

3.2 Inspection Certificate Statement of compliance with the order with indication of results of specific inspection

The latter two types are the most widely used in steel products. What are their differences?

• The EN 10204 Type 3.1 Inspection Certificate are actual test results from the material in the lot from which the steel products have been

supplied (formally referred to as “specific testing”). It is a document issued by the manufacturer in which he declares that the products

supplied comply with the requirements of the order and in which he supplies test results. The test unit and the tests to be carried out are

defined by the product specification.

• Manufacturer may transfer on to the inspection certificate 3.1 relevant test results obtained by specific inspection on primary or incoming

products he uses (such as – for example – results of chemical composition analysis or mechanical properties of the strip, provided on the

Material Test Reports supplied by the vendor of strip)

• The EN 10204 Type 3.2 Inspection Certificate is like the 3.1 but has additionally been countersigned and verified by an independent third-

party to validate the material by way of verification test.



Guides to instruments

June 2024 PRACTICAL SESSION - NDT & Materials 29



Portable hardness
Connecting the Probe

Cable Connection: Locate the cable for connecting the probe to the machine

(Figure 1). Ensure the cable marking is "35600735 KW 03/21 ST".
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Machine (top left),
calibration block (top right),
probe (bottom left) and
connector (bottom right).



Portable hardness
Connecting the Probe

Machine and Probe Connection: Attach the cable to the machine and the probe.

Ensure the probe is covered during this process to avoid damage.
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Connection of the probe
connector to the machine.
The arrow indicates the
correct port.



Portable hardness
Turning on and setting up the device

Powering On: Activate the machine by pressing and holding the power button

for a few seconds.

Adjusting Measurement Settings: Navigate to “Settings” > “Measurement” to

adjust the desired force for your measurements (HV5 in our case).
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Settings menu



Portable hardness
Turning on and setting up the device

Accessing the Measurement Menu: Return to the main menu by pressing the

power button briefly, then select the “Measurement” menu to prepare for testing.
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Measurement interface.
Drop-down menu at the
upper middle and
settings at the bottom
right (cogwheel).



Portable hardness
Turning on and setting up the device

Go to the measurement settings (cogwheel at the bottom right) to make sure the

setup of the measurement is correct: mainly check primary scale is HV and test

load is HV5.
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Test parameters within the
measurement test, including
the Test Load configuration.



Portable hardness
Performing Measurements

Remove the cover from the probe. 

Place the probe on a flat, stable surface large enough to accommodate it. 

Keep the probe perpendicular to the surface.

Apply force until a successful sound is coming from the machine and the value 
appears. 
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Indication of ready to position the probe



Portable hardness
Performing Measurements

If insufficient force is applied, an "Incorrect" message, a 
cross symbol, along with a warning sound and vibration will 
alert you.

An over force will trigger a warning message and sound.
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Warning that indicates that it is necessary to apply more force.



We need to have a good contact between the 

electrode head (gun) and the sample surface 
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Optical emission spectroscopy (OES)



Optical emission spectroscopy (OES)
Setting up of the spectrometer

Connect the probe (1),

connect the argon line (2),

open the gas valve and set the delivered pressure around 3,5 bars (3),

switch on the equipment (4).
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Optical emission spectroscopy (OES)
Surface preparation

Place a new corundum griding disk onto the adaptor and tighten the screw on it

while blocking the axle by pressing the button at the back (1),

Equip the grinding tool with its battery (2),

Tighten your sample, wear gloves and safety glasses and grind the surface to

obtain a fresh plane, your sample is ready for measurement (3).
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Optical emission spectroscopy (OES)
Software initialization

Click on WAS lab icon (1),

Select “Analysis” then “Spark” (2),

Select the matrix corresponding to your material (3),

If known, select the alloy grade; if not select the first program “material-
orientierung”. Wait few seconds during the internal test (4).
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Optical emission spectroscopy (OES)
Calibration 1/2

Click on “Recal” to initiate the recalibration mode. Select full to recalibrate the matrix.
The first stand will be asked for measurement (1),

Place the standard, previously ground, onto the probe and keep pressing the trigger as
illustrated until analysis is complete (2),

Clean gently the tungsten electrode of the probe with the metallic brush after each spark
(3).
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Optical emission spectroscopy (OES)
Calibration 2/2

The first measure appears onto the screen, make sure that intensity values are close to expected ones (1),

Repeat the measurements and delete column with erroneous values. In addition, RSD has to be kept under

5%. Keep 3 conform measurements and click on next button to proceed with the next calibration block (2),

After the last calibration block, press “next” button, a message will inform that the calibration is successful (3).

The system is ready for analyse.
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Optical emission spectroscopy (OES)
Measuring

Place the probe in close and flat contact onto your sample previously ground and keep pressing the
trigger until analysis is complete (no spark and values displayed onto the screen) (1),

Clean gently the tungsten electrode of the probe with the metallic brush after each spark and repeat
the measurement between 3 and 5 times (2),

Double click on column to be deleted (erroneous values, non-conform spark), material identification
with statistics are displayed (3),
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Questions

Which material specification did you choose? Why? Are several specifications compatible with the 

final product? (5 minutes)

Hardness: 

• Measure the hardness in at least 5 positions and report the average in the material cerficate (10 minutes).

• Is there any problem to measure HV5 if the technical specification requires HV10? Is there any advantage or 

disadvantage between the different scales (HV1, HV5, HV10…)?

Chemical composition:

• Measure the chemical composition in at 3 positions and report the average of the missing elements in the material 

certificate (10 minutes).

• Do you know why P + S content is requested to be so low? And the Co?

• Do you know what does the ‘L’ and the ‘N’ mean in 316LN?

Grain size:

• Measure the average grain size and report it in the material certificate (10 minutes).

• Are the material grains equiaxial? Is that important? Why?

Is the material certificate compliant with the technical specification? (5 minutes)
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MECHANICAL & MATERIALS ENGINEERING 

FOR PARTICLE ACCELERATORS AND DETECTORS

We hope you enjoyed 
characterizing a material 
for a particle accelerator


