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Why perform measurements ?

To ensure that the part to be
measured conforms to the
established standard or
requirement.

You can't manage for
improvement if you don't
measure to see what is getting
better and what isn't.

EVERYTHING IS BASED
ON MEASUREMENTS
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Why perform mechanical measurements ?

Mechanical
& Material
Engineering

CERN-wide

2\ Computation
'l & Design

Simulations & Analyses

Mechanical measurements

Experimental validation of
Finite Element Analyses

Failure analysis support

Support to design office
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Competencies

Experimental stress analysis

Stress / strain analysis
Dynamic strain measurements
Residual stress measurements

Vibration analysis

Experimental modal analysis
Vibration monitoring
Operating deflection shape

Seismic measurements

Transfer function analysis
Transfer path analysis
Coherence length measurements

Sensors development

Thermo-physical analysis

Load cell based on strain gauges
Displacement sensors
Capacitive gauges
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Mechanical testing

Thermal Conductivity and Diffusivity
Specific Heat
Density and CTE

AMAAAD

Impact testing method
Tensile and Flexural tests
Compression tests
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Introduction

To measure is to compare an unknown physical value to a reference value
determined with an instrument. Any measurement can be judged by the
following meta-measurement criteria values: level of measurement (which
includes magnitude), dimensions (units), and accuracy.

Ex:Force=98,2N+/-0,2 N

Accuracy consists of (ISO 5725) :

Trueness o
(proximity of measurement results to the true value) Pty rueness
* /\
Precision & T—
(repeatability or reproducibility of the measurement)
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Mechanical measurement techniques

Experimental stress analysis is a key technique to validate FEA :

- Local measurements : Electrical or optical strain gauges
- Measurement range : +/- 5o 000 pm/m
- Dynamic response : up to few ps

- Surface measurements or embedded

- Measurement range : +/- 5o 000 pm/m
- Dynamic response : up to few ms

- Surface measurements
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Experimental stress analysis : Tools

Electrical strain Optical fiber Non contact video
gauges sensors systems

Principle Resistive Bragg Image processing
Loading cases All All All
Magnetic effects Affected Non affected -
Cryogenic temp. Affected Affected Only RT
Resolution 0,1 um/m 0,5 um/m 5 UM (3)
Repeatability 0,6 % 0,3% -
Reproducibility 0,7 % 0,9 % :
Trueness <3,7% @ 5,29 % -
Accuracy <5% ) <5,5% (2) 0,5 % (3)

(1) EDMS1073153: Caractérisation des mesures de déformation par jauges d'extensometrie a temp. cryogénique
(2) «Mechanical Strain Measurements Based on Fiber Bragg Grating Down to Cryogenic Temperature —
Precision and Trueness Determination» — M. Guinchard, F. Araujo, and all — OFS'26
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Electrical strain gauges

I— with R (QQ), Len
. . L _ . , Length (m),
Working principle : R= Pg Section (m?) and p (O /m)

With an external force, the resistance value increases. A strain gauge is a long
length of conductor arranged in a zigzag pattern on a membrane. When it is
stretched, its resistance increases.
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Carbon fiber
= 8x8 Scintillator bars

Socket
.— Bar alignment system

Ty Optical coupling

* Applications
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http://en.wikipedia.org/wiki/File:StrainGaugeVisualization.png

Optical strain gauges

* Working principle :

o _ P Optical Fiber " ",
Sensitive to strain A ! .
AA lljFimc']m Iill]illl‘_‘_\_\ﬁ-"i - s
E = — \ ) Tansmi
k.}\B & :pecmmmd
Reflected spectrum Fibre Bragg Grating

Sensitive to temperature
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* Applications

Strain measurements is a key element in the The High Radiation Material experiments (HRMT) aim at
deve|opment of Superconducting magnets. testing the future coIIimatorjaws suitable for HL-LHC.
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Digital image correlation

* Working principle

An optical method to
measure deformation on an
object’s surface

Full field data /3D system
* Applications

IR n
AU
LTI R TR TR R TR T T

Analysis of image Use of cross correlation to Strain calculated
surface over time determine displacement from displacement
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Practical session:

* Experimental stress analysis :

* Measurements with electrical strain gauges (practical aspects,
limitations, environmental conditions) - Rosette gauges

* Measurements with optical embedded strain gauges (practical
aspects, limitations, environmental conditions)

* Digital image correlation on a composite structure

* Where :
Mechanical Measurement Lab — EN/MME
Building 376-R/003

Contact : M. Guinchard — GSM +41 754 11 52 45

* When : Wednesday and Thursday
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Dynamic behavior characterization

Vibration issues are a key element for the future of CERN
equipment’s (LHC beam stability, Detectors, etc...) :

Higher luminosity =» Smaller beam size =
Higher vibration stability

International collaborations =» Transports
=» High failure risks for structure
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Dynamic behavior characterization

Passive approach :

1) Design assembly without taking account vib

and in physics operation;

Pro-active approach:

1) Dynamic behavior characterization at several steps ofthe
manufacturing process of the detector — FEA link (ui
to strain)

2) Extrapolate the vibration o
known inputs

3) Determine the admissible vibration levels
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Dynamic behavior characterization

Pro-active approach:

Transport \ / Transport
vibration sources Finite element specification
analysis
Vibration sources Stability
In operation Experimental modal In operation
analysis
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Experimental modal analysis (EMA)

* A technique to evaluate the modal characteristics of a structure
* Natural frequencies
* Damping

y ,_‘;-R-\:\):!‘r:z /

* Mode shapes

Mode 1 Mode 3
Mooe e
RS

* Why to use the experimental modal analysis ?
* Detecting problems related to vibration
* Monitoring of structures

* Verification of FEA-models

At CERN the technique is particularly important due to the high
precision and fragility of CERN projects
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Force [N]

Experimental modal analysis (EMA)

* Working principle
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External barrel Mode Shape of the first longitudinal mode Mode Shape of the first vertical mode
f:10Hz, &:0.043 f:16Hz, &:0.015
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Practical session:

* Experimental modal analysis :

* EMA with impact excitation of a metallic structure (FFT, guideline for
settings, practical aspects)

* EMA with acoustic excitation of a light weight structure (3D Scanning
system)

* Where :
Mechanical Measurement Lab — EN/MME
Building 376-R/003

Contact : M. Guinchard — GSM +41 754 11 52 45

* When : Wednesday and Thursday
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Thermal analysis
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Thermal analysis

Thermal expansion coefficient of several composite structures:
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Practical session:

* Thermal analysis:

» Discussion around the equipment's during coffee break

* Where :
Mechanical Measurement Lab — EN/MME
Building 376-R/003
Contact : M. Guinchard — GSM +41 754 11 52 45

* When : Wednesday and Thursday
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Thank you!
Questions ?
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