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Motivation

w

w Historically at CERN, the subject was
partially covered during Electrical
Safety training

w Since LHC: increasing risk awareness +
high-field machines in operation +
specific user demand

Y 2010: new specialized training course

objective: personneland equipment safety
scope:DCand quasistatic magnetic fields

w Topics: identification of hazards and estimation of risk
w Main messagebe awarethat risks exist; in case of doulask
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Scope

~

VAW
- -

Power station on theAutoroute de laMaurienne Savoie - |
- A Lo

| we shallnot discuss fields @% 50 Hz
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What does a magnetic field do ?

a magnetic fieldproduces a force proportional to electrical charge anl
force perpendicular to the direction of motior bending of trajectory

| Magnetic FieldB
|

bent trajectory

I\/Ilagnetip Fqrce
F=qv3B

magnetic fieldan accelerators are the to most efficient way to
guide and controparticle beams 4capture and steeicharged collision products
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Measurement units

1 Tesla = 10,000 Gauss

Earth field Permanent magnet Accelerator/experimental
(typical) electromagnet (typical)
05G 100 ~ 1000 G 1~ 100 kG
50>T 10 ~ 100nT 01~10T
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How do we measure a magnetic field

Practical options: use one of the martgslameters/gaussmetercommercially available
(ask TE/IMSC/MM for help or for a loan)

Hall effect sensor
(inexpensive, limited
bandwidth and precision)

Fluxgate
(low and very low fields

NMR probe
(golden standard, highly uniform DC fields only)
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How to make a magnetic field ?

| moving electrical charg& magnetic field

moving electrons = electrical current electrical current loopY stronger, localized field
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(field @ 1 m = 2 G/KA) e e
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How to make a magnetic field ?
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many aligned electron spins

cern.ch/mm

predominant mechanism at the basis of magnetic materials
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Examples of electromagnets at CERN

wind more coil turns to multiply field strength add iron yoke to amplify field, channel it to
the wanted region, screen exterior leakage

N e _ P Y

standard copper coilg magnetic field 2T superconducting coilg magnetic field 10T
limited by heat dissipation limited by critical field
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Magnetic field in a material medium

H, M, B H [A/m] =magnetic field

(aka magnetizing force)
magnetic susceptibility

e

M [A/m] =magnetization=c(H) H

(aka magnetic polarization) permeability of vacuum
my=4p 107 T m/A = const.

X<

SOLIEIE IS

)

>

N2 XXX XS

I BIT] magnetic induction= my (M+H)
(aka flux density)
=(Q+c(H)u,H
. = H(H) pH
o U O
2 0 relative permeability/

MAGNETIE MEASUREMENT

@Te(:hndogy Department marco.buzio@cern.ch LABORATORY

cern.ch/mm


mailto:marco.buzio@cern.ch

Classification of magnetic materials

High remanent field
Permanent magnet material B

remanent field

Coercive field———— IRSEIIECE S

High- Hard materials initial

Low- Soft materials magnetization
curve

hysteresis loop
(exaggerated)

Permeability B/H slopé:
High- Magnetic materials
Low- Non-magnetic materials
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Technical hazard
DC fields
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Collision hazard
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Magnetization of ferromagnetic objects
H field (rrotational i.e.© H=}1uD/ 1t=0) _
H=H,, +H;, H=NM

N- S insideandoutside the material SR oo A . A
mhep RS Y| 3y SiF b DI G0 2278 RIyLIS 0

(3} I_II 7, o 4
Iu > @) OTd

- H,external field

. closely spaced poles
+—— H,demagnetizing field strong demagnetizing field
—p M magnetization

(e.g. sphere N=1/3)

B field éolenoidal.e.® BX0)

closed field lines widely spaced poles little demagnetization (RO)

1 force per unit volume is on elongated objects
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Forces on magnetic objects

Case ofuniform field
(e.g. interior of a dipole magnet, local Earth field)

wMagnetization- N and S poles appear
wOpposite magnetic poles attract
wEqual and opposite forces

J

net torque

max. torque for arelongatedferromagnetic object
of volumeV perpendicular to the field (worstase scenario)

magnetic objects tend talign to field lines

uniform magneticfield
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Forces©ommagnetic ebjectshjects

Case ofield with gradient

. E (e.g. fringe field of large magnets)
S W

wMagnetic forces depend upon position and
orientation of the piece

W appears in addition to the torque
- | . wéA\DJ O
net inward force ‘ @ C — ‘T U

magnetic force for aelongated
ﬂ ferromagnetic object of volum¥
(worst-case scenario)
NB: force grows withA.e. P, iation

magnetic field with gradient magnetic objects tend taet pulled

towards regions ofstronger field
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Effects on ferromagnetic tools

Uniform field in the gap

: . . Nonmagnetic tools
Toolsalignto field lines

"~,.. X \
« \\\ y

| | | T
Field falls off outside the gap
Tools gepulled inside

Recommended limit for using standard tools:
Background field B 3 mTif sourcez 100 mT(Directive2013/35/EU)
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Safety classification of magnetic materials

wNon-magneticand weakly magnetiqm® 1-10)

Elements: aluminum, copper, titanium

Bronze, brass, beryllium copper, aluminum bronze
Austenitic + high Ni/Cr/Mo stainless steels e.g. 3(hnealed)
Virtually all polymers and glasses, most ceramics

(m®° 10-5000
Elements: iron, nickel, cobalt
Low-C (soft) e.g. ARMCO steel
Ferritic(e.g. 409) and martensitic (e.g. 420) stainless steels
Most other steel types
NiFealloys e.gpermalloy, mumetal (/77 up to 1%)
Ferrites Mn/Ni/Zn ceramics)

(B¢15T)

Ferrites,AINiCq rare-earth ceramics NldFeB SaC) _

S~

possibly strong
magnetic forces
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Nem-magneticioolsols
Known suppliers:

w HYDRO SYSTEM SA

8, Rue de IBergére 1217 MEYRIN, C - it —

bldg 6509 p,,,
mon
o 48y
%2 Hang

bldg 6599 p,

bldg 6599

A EGA Master SA B i

C/Zorrolletall (01015), Vitoria, ES ‘ o L

" 052 Mand Toq
Ooly, G,

bldg 6599 ¢
o 052y,
and T,

bldg 6599 p, 018, Goog

"2 - Hand Toqyy
852 Mang 14,

018, (ooa,
0800, 0

 #92 - Hand 100y,
bidg as9q .

" 052 Hand 10y,

Y bldg g5gy

bldg 659¢

Concept Cu-Be Al- Br ' o Moy [
Hardness 35-40HRc 25-30HRc ikl L T

Magnetism Non ferrous Minimun ferrous T Toumany, ' LT,
substance in the components makes 2 . o : (-
composition makes them not 100% s o "M CH. Doty g gggg
it safer when non-  non-magnetic, 2 e i
magnetic although its low : S
applications are magnetism make it
required. appropiate for non =~
critical non- 2 Hana Toor g,
magnetic * 2 Hana Topy,
applications.
Durability Much higher due to Not as much as ‘ : bldo sam p,
the higher Cu-Be. : ey Th10son e g 7,0 O bigg gy |
hardness and ‘ MO b gy
tensile strength. " ot o ‘ D100 6oy
ks hogher efforts can % o
.y o be made.
Price Higher price due to Around 30% lower
the special raw price.

material used
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Collision hazard examples

Demonstration of the powerful magnetic field
of a clinical 1.5 Tesla MR scanner

Part Il - Oxygen bottle

by
CoStarek, B Vikholl-Baaz, K. Lagerstrand,
F FoarssellcArontsomoch S Fkholm

Yﬂs AHLGRENSKA

UNIVERSITY HOSPITAL

2004
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Collision hazard examples

Relatively common
accidents in the MRI
(Magnetic Resonance
Imaging) field.

First fatality on record:
Michael, 6, killed by an ©
bottle in New York, 2001

Worst case at CER

[ 9t Qa [ o

(currently in ALICE)
none injured
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Collision hazard examples
A On 29/01/2018, 32year old Rajesh Maru carried &, bottle

for a relative in an MRI room, believing the magnet was off “ORR,FY

A The bottle got stuck to the 1.5 T magnet, trapping MUMBA"'SNG DEATH '"
wk283aKQa KFYR T2NJH YAYydziSa 0ST2No . NA,R HOSP'

A A leak from the bottle reportedly caused his death TAL
by collapsed lung (due to excessive, highessureO, intake)

. : : : : GLIGENCE
A Similar accident in 2014 in New Delhi, no fatal consequences Vs
Y BLAMES H sTar wAs BUSL O

10 CARRY
FAMILY BLAMES 7.3 DOCTORS DENY NEGLIGENCE -y
‘HOSPITAL NOT ADMITTING ITS “’m TODAY
MISTAKE' e

WARD SOY TOLD KIN

) gAMLY BLAMES H
‘CARELESSNESS ON PART OF

LIVE: MUMBAI
VIRENDRASINGH GHUNAWAT, SR SPL CORRESPONDENT

TOP NEWS
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Rough estimation: collision hazard in CMS
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€ F  Skull fracture energy

~50J
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Equipment
malfunctions
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Equi pment mal functions due to DC magnetic f

Possibly affected equipment include:

w Magnetic drag orrotating or reciprocating machinere LJdzY LJa X FF ya Xu
W

motors, transformers , power supplies, circuit breakers
ferrite-core inductors NS f | €A~ wC X
semiconductorgHall effect voltages)
- resistors(magnetcresistance)
Sensors
microphones, loudspeakers
0St SOl G2NARXZ ONIySaxo
ODSAISNI O2dzy i SNE 5/ / ¢az |ylftz23 Y
(hard disks, CRT monitors)
Personalitem® YSOKI yAOlFf ¢l 1 OKSax YIF3aySiAO OF NRaA

2T BB
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