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Abstract

Purpose of this research is to find out the effective way to shield the magnets by using two most common
available materials that is iron and steel. The material that is available in market they shield less magnetic field and
also are costly. If you want to shield the higher magnetic field you have to expense a lot. To shield the magnetic field
you have to make the sheet and wrapped it around the magnet, but thickness of shielded plates varies with the type
of magnet and the power of magnet. Finally here we have a better material that can shield your magnet and can
save your 100s of equipment that you are using. This is good for your observation which material is having the best
results. The cost of these metal sheets is 20-30 times less than the best material available in market for shielding
and also they can shield high strength magnetic field.
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Introduction
We have a magnet very strong one. Neodymium magnet I am using

of near 4000gauss magnetic field. It’s not that easy to shield the magnet
with the material like mu metal. Only few gauss can be shield by the
mu metal. To shield the maximum portion of it we have to expense
many dollars even. So you don’t have to expense a lot of money and
easily you can shield any area as per your requirement by common
material like steel and iron [1,2]. Figure 1 describes about the magnetic
field around a bar magnet.

Figure 1: Describes about the magnetic field around a bar magnet.

Material and method
The materials that are being used in this are listed below.

• A nonmagnetic stainless steel plate of thickness of 1 mm to 5 mm.
• A magnetic stainless steel plate of thickness of 1 mm to 5 mm.
• An iron sheet of thickness of 1 mm to 5 mm.
• Neodymium magnet of 50*20*10 mm. the magnets having gauss

power of 4000 gauss on surface.

Magnetic property of Iron and Steel
Iron gets magnetized faster but loses its magnetism as soon as the

inducing magnet is removed. Hence soft iron is said to have high
susceptibility but low retentivety. This property of soft iron is very
useful in making temporary electromagnets where we need strong but
temporary magnets. If the magnets used in these devices were to retain
their magnetism for a longer period, the devices would not function
properly.

Steel is slow to be magnetized but retains the acquired magnetism
for a long time. Steel is said to have low susceptibility but high
retentivety. Steel is used for making magnets. Ferromagnetism is the
phenomenon of spontaneous magnetization – the magnetization exists
in the ferromagnetic material in the absence of applied magnetic field.
The best-known examples of ferromagnetic are the transition metals
Fe, Co, and Ni, but other elements and alloys involving transition or
rare-earth elements also show ferromagnetism. Thus the rare-earth
metals Gd, Dy, and the insulating transition metal oxide CrO2 all
become ferromagnetic under suitable circumstances. Ferromagnetism
involves the alignment of an appreciable fraction of the molecular
magnetic moments in some favorable direction in the crystal. The fact
that the phenomenon is restricted to transition and rare-earth
elements indicates that it is related to the unfilled 3d and 4f shells in
these substances. Ferromagnetism appears only below a certain
temperature, which is known as the ferromagnetic transition
temperature or simply as the Curie temperature. This temperature
depends on the substance, but its order of magnitude is about 1000°K
for Fe, Co, Gd, Dy. It might be however much less. For example it is
70K for EuO and even less for EuS. Thus the ferromagnetic range often
includes the whole of the usual temperature region.

Available solution (Mu Metal)
Mu metal is a nickel–iron soft magnetic alloy with very high

permeability suitable for shielding sensitive electronic equipment
against static or low frequency magnetic fields. It has several
compositions. One such composition is approximately 77% nickel, 16%
iron, 5% copper and 2% chromium or molybdenum. More recently,
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Mu metal is considered to be ASTM A753 Alloy 4 and is composed of
approximately 80% nickel, 5% molybdenum, small amounts of various
other elements such as silicon, and the remaining 12 to 15% iron [3,4].
The name came from the Greek letter mu (μ) which represents
permeability in physics and engineering formulae. Mu metal typically
has relative permeability values of 80,000-100,000 compared to several
times of ordinary steel. The high permeability of Mu metal provides a
low reluctance path for magnetic flux, leading to its use in magnetic
shields against static or slowly varying magnetic fields. Magnetic
shielding made with high permeability alloys like Mu metal works not
by blocking magnetic fields but by providing a path for the magnetic
field lines around the shielded area [5-11].

Mu materials Magnetic Properties

Density: 8.7 [g/cm3]

Young’s Modulus: 225 [GPA]

Poisson Ratio: 0.29

Yield Strength: 280 [MPa]

Ultimate Tensile Strength: 700 [MPa]

Thermal Conductivity: 19 [W/ (m*K)]

Linear Expansion: 1.2 [10-5m/m/C]

Specific Heat: 460 [J/ (kg*K)]

Melting Point: 1440 [C]

Resistivity: 55 [μ? cm]

Cost of Mu metal
One normal sheet of Mu Metal can be purchased online or from the

store at cost b/w 1-10$. It is very costly compare to ferromagnetic
material.

Method
I cut the sheet in pieces as per my requirement of size of 100*50 mm

of thickness form 1 mm to 5mm. the material are of both iron and
stainless steel (magnetic and nonmagnetic)

So the total sheets are 15 (5 of iron, 5 of magnetic stainless steel, 5 of
nonmagnetic stainless steel)

Directly putting the plates on magnets can shield it by maximum
amount. The attractive force or repulsive force also varies with the
thickness of the material that we are using.

Results
Magnets are being attracted to the sheets and to some it isn’t. Only

ferromagnetic materials are attracted to the magnet. The magnetic field
of any magnet can’t be finished. The magnetic fields can be redirected
towards the plate. And then I wrapped the whole magnet by the same
sheet by changing the thickness again and again. As the sheet is
changed the shielding effect also varies with the thickness.

The better result completely depends upon the way of shielding.
When I am having all material in form of sheet it’s having little effect.
For better result it should be shielded from all other except the
required one.

A nonmagnetic stainless steel can’t be used for the shielding. It’s not
capable of redirecting the magnetic forces around the sheet no matter
how much thick sheet you have. So its effect is same as the normal
magnet.

Table/Graph

Figure 2: Magnetic power over distance.

Figure 3: The attraction force towards the iron plate and how it
varies with thickness.

Figure 4: The attraction force towards the stainless steel plate and
how it varies with thickness.
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Figure 2 shows magnetic power over distance. Figure 3 shows the
attraction force towards the iron plate and how it varies with thickness.
Figure 4 shows the attraction force towards the stainless steel plate and
how it varies with thickness.

When the thickness varies (increases) the pull force also increases
but with increase in pull force the magnetic field gets redirected
towards the plate and it is providing shielding to maximum of the
magnetic field. The effect of magnetic field outside the plate decreases
as the thickness of plate is increases.

Figure 5: The magnetic power reduction in magnetic field with the
variation in thickness of iron plate.

Figure 6: The magnetic power reduction in magnetic field with the
variation in thickness of stainless steel plate.

Figure 5 show the magnetic power reduction in magnetic field with
the variation in thickness of iron plate. Figure 6 show the magnetic

power reduction in magnetic field with the variation in thickness of
stainless steel plate.

When the thickness of plate is maximum the magnetic field is
minimum and the magnetic field strength finished. Magnetic field
strength at 1 mm is approx. 4000 gauss and at 10 mm thickness of plate
it is only 50 gauss maximum.

Discussion
It has been a question in mind why all this is happening. The

material which is being attracted to the magnet it is redirecting its
magnetic field. Because of magnetic field can’t be blocked that’s why
they are being redirecting around the shielding material. If you are
dealing with very high magnetic field then this is very effective. For low
field also it is preferable because of It’s widely availability. Even when
the available space is less and low magnetic fields/strength are available
then it would be effective to use Mu metal. But when the strength and
space both are more, then Mu metal can’t be used. In this case
ferromagnetic materials can be used [12-18].

References
1. K&J Magnetics (2002) The K&J steel thickness calculator.
2. Wikimedia (2016) Mu-metal. 14: 24.
3. Magnetic Shield (2016) Permanent Magnets.
4. Wikipedia (2015) Electromagnetic shielding.
5. Boundless (2016) Magnetic Field Lines. Boundless Physics 155: 549-6686.
6. Knute DE, Chauncey LP (1958) Magnetic shield. US2864963 A.
7. Wadle G, May W (2007) Deflecting magnetic field shield. US7220488 B2.
8. Bigelow RT (2013) Spacecraft magnetic shield. US8550406 B2.
9. Sato T, Yamada T, Kobayashi M (1991) Magnetic shielding material.

US5045637 A.
10. Noda H, Murakami M, Uno K, Matsushita K, Hamano T, et al. (2009)

Magnetic shielding door and magnetic shielding room. EP1816301 A4.
11. Dodge BL (1955) Magnetic shielding medium. US2714133 A.
12. Henderson DG (2014) Magnetic levitation of a stationary or moving

object. US20140265690 A1.
13. Bushman BB (1999) Apparatus and method for amplifying a magnetic

beam. US5929732 A.
14. Lee RH (2010) Cylindrical magnetic field projection method.

US20100185041 A1.
15. Rio LC, Rio MM (2013) Effect of electro-magnetic field on the growth

characteristicsof okra (abelmoschus esculentus), tomato (solanum
lycopersicum) and eggplant (solanum melongena). Int J Sci Res 3: 10.

16. Reddy BSK, Ghorpade VG, Rao HS (2013) Effect of Magnetic Field
Exposure Time on Workability and Compressive Strength of Magnetic
Water Concrete. Int J Adv Tech 120-121.

17. Ong NP, Tesanovic ZB (2013) High magnetic field science and its
application in the United States: Current status and future directions. The
National Academic press, Washington.

18. Magnetization of Ferromagnetic Materials.

 

Citation: Akash Y (2016) Ferromagnetic Material for Strong Magnetic Shielding. Int J Adv Technol 7: 166. doi:10.4172/0976-4860.1000166

Page 3 of 3

Int J Adv Technol, an open access journal
ISSN: 0976-4860

Volume 7 • Issue 4 • 1000166

file:///E:/IJOAT/Articles/June%202016/Engineering-16-061/W/1.%09https:/www.kjmagnetics.com/thickness.calculator.asp
https://en.wikipedia.org/wiki/Mu-metal
http://www.pmlindia.com/products/magnetic-shield?gclid=Cj0KEQjw-Mm6BRDTpaLgj6K04KsBEiQA5f20E-hXZ5Yxh1K3Z3TPs-ee2GdRPqZiw45ErAtNiX8ptjwaAhPk8P8HAQ
https://en.wikipedia.org/wiki/Electromagnetic_shielding
https://www.boundless.com/physics/textbooks/boundless-physics-textbook/magnetism-21/magnetism-and-magnetic-fields-155/magnetic-field-lines-549-6686/
https://www.google.com/patents/US2864963
https://www.google.com/patents/US7220488
http://www.google.com/patents/US8550406
http://www.google.co.in/patents/US5045637
http://www.google.co.in/patents/US5045637
https://www.google.ch/patents/EP1816301A4?cl=en
https://www.google.ch/patents/EP1816301A4?cl=en
https://www.google.si/patents/US2714133
http://www.google.com/patents/US20140265690
http://www.google.com/patents/US20140265690
http://www.google.com/patents/US5929732
http://www.google.com/patents/US5929732
http://www.google.co.in/patents/US20100185041
http://www.google.co.in/patents/US20100185041
http://www.ijsrp.org/research-paper-1013/ijsrp-p2260.pdf
http://www.ijsrp.org/research-paper-1013/ijsrp-p2260.pdf
http://www.ijsrp.org/research-paper-1013/ijsrp-p2260.pdf
http://www.technicaljournalsonline.com/ijeat/VOL%20IV/IJAET%20VOL%20IV%20ISSUE%20III%20JULY%20SEPTEMBER%202013/Vol%20IV%20Issue%20III%20Article%2030.pdf
http://www.technicaljournalsonline.com/ijeat/VOL%20IV/IJAET%20VOL%20IV%20ISSUE%20III%20JULY%20SEPTEMBER%202013/Vol%20IV%20Issue%20III%20Article%2030.pdf
http://www.technicaljournalsonline.com/ijeat/VOL%20IV/IJAET%20VOL%20IV%20ISSUE%20III%20JULY%20SEPTEMBER%202013/Vol%20IV%20Issue%20III%20Article%2030.pdf
file:///E:/IJOAT/Articles/June%202016/Engineering-16-061/W/17.%09https:/www.nsf.gov/attachments/135552/public/High_Magnetic_Field_science_and_applications.pdf
file:///E:/IJOAT/Articles/June%202016/Engineering-16-061/W/17.%09https:/www.nsf.gov/attachments/135552/public/High_Magnetic_Field_science_and_applications.pdf
file:///E:/IJOAT/Articles/June%202016/Engineering-16-061/W/17.%09https:/www.nsf.gov/attachments/135552/public/High_Magnetic_Field_science_and_applications.pdf
file:///E:/IJOAT/Articles/June%202016/Engineering-16-061/W/18.%09https:/www.nde-ed.org/EducationResources/CommunityCollege/MagParticle/Physics/Magnetization.htm

	Contents
	Ferromagnetic Material for Strong Magnetic Shielding
	Abstract
	Keywords:
	Introduction
	Material and method
	Magnetic property of Iron and Steel
	Available solution (Mu Metal)
	Cost of Mu metal

	Method
	Results
	Table/Graph
	Discussion
	References


