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Workshop "Advanced Mechanics in Accelerator Technology" (AMAT),
19 April 2013, CERN

Materials studies and tests at CERN

- Mandate and expertise

- Equipment

- Examples of material studies and tests
- Perspectives
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Microstructural characterization. Specimen preparation 1 5
S
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Sectioning
Linear precision Saw. Buehler IsoMet 4000
Precision diamond wire saws. Well 3242 and 3241

Mounting
Hot mounting presses. Buehler Simplimet 1000 and 2000
Cold mounting pressure chamber. LamPlan M.M. 806

Grinding & polishing

Manual polishing machines. LamPlan M.M. 8027 S. and
Plamopol 2

Automatic polishing machines. Buehler Phoenix 4000 and
LamPlan M.M. 8055

Vibratory polishing machine. Buehler vibromet 2
Automatic electrolytic polishing-etching. ATM Kristall 620
with electrolytic cell
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Optical microscopy

Various stereo microscopes.

Metallographic microscope. Leica DMRM
Objectives for magnifications from x16 to x1500
Image analysis system

Digital portable microscope. Keyence VHX-1000

Resolution max 54 MPixel

Objectives 0 - x50, x20 - x200 and x100 - x1000
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CIidimmoer L3V ITITT X SUU TTITNTT X Z02 TTITI
SE and BSE imaging detectors. Max resolution 4 nm
Beam 0.5 to 30 kV, 1pA to 500 nA
EDS analyser Oxford Isis.

FE-SEM. Zeiss Zigma
Chamber 365 mm x 275 mm
SE, BSE, in-lens SE imaging detectors. Max resolution 1.5 nm
Beam 0.1 to 30 kV, 4 pAto 20 nA
EDS analysis Oxford Inca with 30 mm? SDD detector : 2 <L
EBSD analysis HKL Chanel 5 i

Spectroscopy and X ray diffraction

Powder XR diffraction. Siemens D5000 Ne.W Optlcal mlCr.OSCOpe
Cu and Cr X-ray sources being purchased in 2013

Vertical and horizontal goniciiieters
Portable OES analyser.

caibratio NEW.SEM (replacement LEO) in 2015

UV probe for S and P S




Scanning Electron Microscopy and microanalysis support
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Carbon wires from SPS beam scan: region degraded by NEG coatings Thin films

the beam (left) and unused reference (right, same scale)

Gn)y EHT= S00kv Cwire B1 H2 Mag= 150 KX
WD = 50mm Barbora BARTONA@

~\_signalA=SE2 Date 222 Nov 2012

Bi2201

Bi2212

Microstructural
characterisation by EBSD of
Bi2212 wire
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Mechanical testing 100 kN cryostat for tensile tfestmg and
eventually fracture mechanics at 4.2 K
A in construction (2013)

Tensile testing machines

Two column electromechanical universal testing machine UTS 200 NEW dynamic mEChanicaI tESting unit
Load cells 1 kN, 20 kN and 200 kN, stroke 800 mm in 2014 %

Knives and clip-on extensometers

Tensile grips, compression plates, bending tools

System for tests at 77 Kand 4.2 K, 25 kN load cell
Single column press ZPM 1000-500. Load cell 1 kN, stroke 500 mm

Hardness
Hardness. Wolpert 2R
Load 1
Brinell,
Micro hardness auto
Load 1(




MECH RX
4,7 KQ #2095

Mechanical
testing at 4.2 K,
the past...

Sample 2 Ti5 Al2.5 Sn
Detail of test 1 at 4.2K
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Evolution of the equipment

Internal load cell:

immersed in liquid He, based on a deformable
316LN ring equipped by strain gauges
conditioner: MVD2555 of HMB

LVDT:
range: up to 3 mm
resolution: 0.5 pum

e "'".. E e e I‘ 60 'I

J ._‘i ;

L .| Temperature probe, CERNOX CX-1050-SD-30
b (Lakeshore Cryotronics):

thermal response time: 15 ms at 4 K

resolution: £ 15 mK

Carbon potentiometer: range:

up to 50 mm resolution: 0.1 mm 9/21




Evolution of the equipment

Stainless Steel 316LN - sample 1
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D. J. Marcinek, Experimental Study of
Discontinuous Plastic Flow, Phase
Transformation and Micro-damage
Evolution in Ductile Materials at
Cryogenic Temperatures, Master of
Science Thesis, CERN and CUT, 2009

: Sampling frequency
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cryogenic temperatures, International journal of 1200 , ; , | , | , | , } , = , 0
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D. J. Marcinek, Experimental Study of
Discontinuous Plastic Flow, Phase
Transformation and Micro-damage
Evolution in Ductile Materials at
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Science Thesis, CERN and CUT, 2009
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52 Mechanical Testing

The mechanical properties of forgings supplied under this specification shall meet the properties required
by ASTM A182, Grade FXM-19.

{5l A182/A182M - 10a

TABLE 3 Confinued
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Numbar, HEW

oHF RT

F Xm0 100 |690]
BSFRT
1600 mWeld RT
OHF 42K
mSF42K
1400 m\Weld 4.2 K
]
£ 1200
& 3
& 1000 %
o
E <
&
& 800

600

400

200

CERN + CEME

r i i Document: 060741-14 © CEME: 2013
300 a1 EN Engineering DepartmentURSELREIIE
104 - Fatigue crack growth rate and fracture toughness properties at
. 315 1 Base metal 7 K of forged Nitronic 50 material and its welding
I i —-——--
L i
! ! -4 Nifronic 50 material HF and SF materials
i 316 LN i 316! T=7 K. Date: January 3. 2013
' =5- pipe] 1.00E-03
\ G=5+5.5 N ! T
250 ! : 116 %yz 5.46TE-11353531E0]
i 3 pipe R?=0.359E-01 [
: 1 316 ;= 2 4. T42E+00
M 1 " i 13;035-1;;_ o1
1 i 2 =0.250E-
& v ) Jk2y
'.: - n°8 380600
Ba00 | — 21} 1.00E-04 ¥ _12'2?[3;01 }
= 934 —
& Nitr ¥ = 3.236E-11x* 088500
| LT - -G-—-A-; z R? = §.§52E-01 ‘ P
1 o —nitrll S j .
: + =1 ¥ = L.80OE-11x* 4IE0 2577 EHFLD-2
' R?=0.582E-01 A AHFTD-1
P
150 _ OHFTD-2
H 1.00E-05 y = 3.811E-12x*375E+00 ASFLD-1
: R?=8.981E-01 [ @ SFLD-2
| @SFTD-1
] ; v= 2 .900E-11x*013E=00] ©SFTD-2
R?=8.705E-01 ‘
[ ]
L 1 L 1 i V= 5 785E'11X3 858E+00
100 R?=0.444E-01
700 800 900 1000 1100 1200 1300 1400 1.00E-06
10 100
Rpy, at4.2K . I
- AK. Mpa vm




Courtesy of Kind

enfral Solenoid
[Nb;Snj 6 modules
Toroidal Field Coil ‘ |=
18, ol B0 1
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Correction Coils

NbTi, 18 S
eeders

NbTi, 31

Poloidal Field Coil ” <G — ﬁ ;
NbTi, 6 e D @Y~  PortPlug

Present involvements

Cryostat

24 m high x 28 m dia.

Vacuum Vessel
9 sectors

heating/current
drive, test blankets
limiters/RH

~ diagnostics

—

CS Nitronic 50 ,15m forMMq

n
tie plate, G & G Steel Inc, Russellville, AL /US "y

13/21



F:/sgobba backup/Articles et notes/PRES/SSAC/Support_material/IMG_0286.MOV

=

@ Non destructive testing Yi
‘ Visual testing, VT, two level 2 certified
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Penetrant testing, PT, two level 2 certified
Ultrasonic testing, UT

Portable flaw detectors. Krautkramer USN 60
Gain 0 dB to 110 dB, probe from 0.25 MHz to 25 MHz,
Portable flaw detector with Phased Array mode. GE Phasor XS
Gain 0 dB to 40 dB, probe from 0.5 MHz to 10 MHz,
Various sectorial or linear transducers
Immersion tank scanner
Scan-surface: 500 mm x 500 mm, 0.1 MHz to 150 MHz
Level 3 and 2 certified operators

Radiographic testing, RT
Mobile X-ray computed tomogre
Mini-focus x-ray ¢
Flat panel detect
Software for 3D r
X-ray sources. Philips 160 kV, 0.
Sieffert isovolt 16
Computer radiography system
High definition sc
High resolution rr
Controlled area (bunker) of 30 n LHC
Level 2 certified operators modul
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@ Non destructive testing Yi

MATERIALS& S

< Computed Radiography Testing (RT) of LSS warm modules. Completion of the radiography
campaigns during LHC technical stops. 1767 modules examined, 107 non-conformities
identified to be repaired during LS_1, 46 nights.

U Computed RT of CMS RF modules

il X-Ray tomography
of ITER CC He-

, inlets: thin defects
 precisely identified
and confirmed by
metallography

< Computed RT of ATLAS RF modules

SRR 8y bR




EN Engineering Department Delivery_an_d _

I test description
« ITER CC He Inlets samples delivered to CERN by ASIPP in March 2013
« Two welded with buttering (5-1. and 5-5) and two without buttering ( and )
« Laminography (planar tomography) of all four samples performed by RX Solutions /FR,
allowing to access defects in the whole weld volume with higher resolution than

through computed RT
 Classification following ISO 6520-1 and judged with respect to EN ISO 5817 - level B

" X-ray source

B-S B @
| | . 7>
' He inlet sample
W
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Sample_WB-S.avi

3D tomography

EN S e ey 1 echnique description _

DeskTom

Specimens placed on a mobile and rotatable stage
Motorized zoom

Full inspection of samples up to 240 mm length
Sealed microfocus source, max. tension 150 kV
HR area image sensor, 1920 pixels x 1536 pixels
Detection surface: 200 mm x 250 mm

14 bits — 16000 gray levels

1-30 images /s

2nd sample of the VPI

11 separate 360° scans
were combined to compile a
final single 3D object
reconstruction while
avoiding shadows due to
steel conduits




3D tomography
View in myVGL software

d 2

Side 1 - Top 1 grid coordinate system Top 1=k Side 1 - Top 1 grid coordinate system Right 1 m
78.94 mm 65.64 mm N

L v |[20mm 65%

Side 1- Top 1 grid coordinate system Front 1 |m|
81.15mm

I 54%
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DFBAA-1L (o D|V|$|onal semlnar, 01 02/2006

MC TB001020

Flat fracture surface

Leaking corrugations

Mag= 100X Detector = SE1 DFBAE-3L
100um Date :7 Aug 2009

L_°

analysis of DFBA
flexible metal hoses,
TE-TM, 01/09/2009

ogression

S eier s Tt TN T of stress
QRL: corrosionleaks |~ /= - -F [ corrosion
, ' ; on thetube Fcloseto . # & crackmg :
Slow release of debris Debris formation — Fme powdcrv debris, highl ; ; BE e L T, S i ). o -
from contact from asperity contact  surfaces are metallic and fretting the fix pol nt = f
2 - G. Stachowiak, A.W. Batchelor, Engineering Tribology,
f > 3rd ed., Elsevier Butterworth-Heinemann, Amsterdam
-, (2005)

Final separation by,
overload (microvoid =g
coalescence) .
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POSITION 7mm

2pm EHT=1000kV  Signal A=SE2  Mag= 250KX Date 23 Jul 2009
[ — WD = 8.7 mm Photo No. =137  pFpal 2009, i Time :19:16:41



facing surface opposite surface 2008-2009, material selection and corrosion studies
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009  Studies for a High Energy Physics Experiment: the Neutron Time-of-Flight
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Conclusions

- CERN-wide (and beyond) activity
- Limited but selected and highly specialized equipment
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- Covers a wide range of materials, welds and components

- Provides support to CERN stores (specifications, identification of suppliers,
audit...)

- Several decades of experience, including audit and follow-up of industrial
production

- In house expertise completed by an extensive network

- Prone to intervene in or pilot activities with a strong emphasis on materials or
controls

- Section very exposed to international exchanges and contacts:

- Industrial partners
- National labs, academy
- CERN-ITER cooperation agreement (10, DAs via 10)

- Training of students and fellows, hosted a large (3 digit) number of trainees since
the creation of the section in the early 90ies
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