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magnetic flux

B density, magnetic
induction
@, O, O, magnetic flux
H magnetic
field strength
L, M inductance
u permeability
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weber

ampere per metre

henry

henry per metre
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https://en.wikipedia.org/wiki/Magnetic_field
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Table 3-3. Relative Permeabilities for Some Ferromagnetic Materials

Ferromagnetic Materials Relative Permeability '

Iron (99% annealed 1n H) 200,000
Iron (99.8% annealed) 6,000
Iron (98.5% cold rolled) 2.000
Nickel (99% annealed) 600
Cobalt (99% annealed) 250
Steel (0.9% Carbon) 100

Excerpt from Nondestructive Testing Handbook, Vol. 6, American Society for Nondestructive Testing, 2 "d Ed., 1988
! Relative to air, which has a permeability of 1.0
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Magnetically Magnetically
Hard Soft
soft iron or low carbon steel (Wide Loop) (Slender Loop)
Loop Shows; Loop Shows;
Low Permeability High Permeability
High Retentivity Low Retentivity
High Coercive Force Low Coercive Force
High Reluctance Low Reluctance
High Residual Magnetism Low Residual Magnetism

(a) (b)
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The number of ampere-turns required to
produce sufficient magnetizing force to
magnetize a part adequately for inspection
is given by:

NI = 45 000 (L/D) (Eq 1)

where & is the number of turns in the coil,
I is the current in amperes, and LID is the
lengih-to-diameter ratio of the part.

Ol S0 05 & s e il 5o anli3

s slasd 5 0L = oad b

-

.L_-Hi HV.H

When it is desirable to magnetize the part
by centering it in the coil, Eq | becomes:

43 D00~ (Eq 2)

Hetr

where r is the radius of the coil in inches and
Rer = (6L/D) — 5. Equation 2 is applicable
to parts that are centered in the coil (coin-
cident with the coil axis) and that have cross
sections constituting a low fill factor, that
is, with a cross-sectional area less than 10%
of the area encircled by the coil.

r.:n.utLEJ.ﬁ-JS'}nJ.‘:d\.v.]a:ﬁ

NI =
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D sl J5g5 anlad 510050 0,100 ooz b o oo &5 [0 axdad a5 Lo 2 50,5 oolarul
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| = KD/NL

| = Current through coil (amperes) K = 45,000 (a constant, ampere-turns) L = Length of the part (inches)
D = Diameter of the part (inches) N = Number of turns in coil

! Vs baal Ve Jsb a (oo¥gs axhad G Jsb 05 uboline (sl 5L 050 bz Jle
ww_ueuab@u‘\v)bﬁb@uw&)‘oéw‘b‘)

o1 1 =45000x 2/5x101=1800
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J195 35 p0 0 axdad Jgo,d
S5l g e ghatte o Sl (oo 5l ST g @0 SG I 555 askad alate mhaw oS 090 (e eoliinl (Slej ge,8

| = KR/ N(6(L/D) — 5)
| = Current through coil (amperes) K = 43,000 (a constant, ampere-turns) R = Radius of coil (inches) N =
Number of turns in coil L = Length of part (inches) D = Diameter of the part (inches)

g oo 0dsal Jige 533445 6(L/D)-5 4 5

A8 L 90 0 o mew loolaiwl b g mol F a8 b o0l VY dadad G Jobo 0,5 udblise gl 5L 0550 )b, 0 e
Deff L L D ol I g5 azdad ST 4 o e g dxdad o adade mlaw Cacd e Gl 0S|y m0IYY

D9l Sl
| = 43000 x 6 /5(6(12/4) - 5)
| = 3969 amperes
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| =K/ N((L/D)+2)

| = Current through coil (amperes) K = 35,000 (a constant, ampere-turns) N = Number of turnsin coil L=
Length of part (inches) D = Diameter of the part (inches)

g9 S5l eolatul LTy gl ¥ 5l8 b aul 1V Job a4 skl S (Jsb (punbline sl 5l 9 90 Gl sz i JUe
RVELBUUPL VTN I r LY

| = 35000/ 3((12/4) + 2) | = 2333 amperes
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Flux density in ond around solid conductors of the same diameter. (a) Nonmognetic conductor (k. = 1.0)
F‘ﬂ- 8 direct current. (b) Ferromagnetic conductor (i = lﬂ}mﬁlﬂw (c) Ferromagnetic

conductor (i > 1.0) carrying alternoting current. See text for discussion,

(a) {c)
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BC = Magnetic flux at surface at conductor

BID = Magnetic flux at inside surface of test par

Cylindrical test part
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the Induced Current
Method
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| Figure 3-30. Part in Demagnetizing Coil
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The required magnetizing currents for the Ketos
ring test, with the-minimum number of holes that
Mhmm:ﬁ full-wave rectified

curvent along a central passing through
the hole in the Ketos ring
Magpetizing Minimam No.
(@) currend, A holes indlcaled
Distances of holes from ring edge of Ketos ring;  Black sspension (wet)
Hole Distaoce from 2500 5
E_n. !m-n 3400 - B
; ;:! Dy pawder
6
1400 4
: 7 - 2 -
s 29 5500 7
N 2 , 1408 3
9 160 2504 3
10 178 3400 6
il 196
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¥ Nonterrous trunions
0.8 mm maxsmum
C
/ 6.2 2 0.05 mm thickness
3z2mmf” Hoee—— T

Fig.5.10 Pie gage magnetic field indicator. The gage
isadisk of high magnetic permeability, divided into six
or eight segments separated by gaps containing a non-
magnetic material of different thicknesses. The pie
onmagnslic maledal gage is placed in contact with the test surface, and the

0.05mm brass magnelic particles spread over the upper surface of the
pic gage.

Shim Pie Gage

46



Advanced NDT

Ahemating
ruriens

Dhreet
Cxlryean

Rexeftant
Magieic Fiekd
Dirccrion

(a)

47

Addtiona:
ac wilh

Jd.
plase shif

Reguliam
Magaelic $ield
Direction

-
-

'
‘&1

(b)

S ACOL > 0L S5



Advanced NDT

48

TABLE 4.1 Advantages and Disadvantages of MPI

Advantages

Disadvantages

Accurate and reliable

Simple to operate

Indications are produced directly on
the surface of the part

Little training needed for operators

Almost no limitation on size or
shape of the part being tested

Works well through thin coatings of
paint, or other nonmagnetic
coverings such as plating

Detects cracks filled with foreign
material

Provides some crack depth
information

Low cost

Forgiving of mistakes

Some subsurface sensitivity

Lends nself well to automation

Requires ferromagnetic material

Only detects surface-breaking and
near-surface cracks

For maximum sensitivity the
surface should be thoroughly
cleaned and dried

Demagnetization is often necessary

Exceedingly large currents are
sometimes required for the test-
ing of very large castings and
forgings

Can heat and burn highly finished
parts at the points of electrical
contact

Individual handling of parts for
magnetization is often necessary

Contact with the surface 1s some-
times required

Some parts require multiple inspec-
tions
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« Benefit of Magnetic Particle Inspection. MPI is the method of choice on

ferrous materials instead of liquid penetrant because it Is

faster, requires less surface preparation, and in some instances iIs able to

locate subsurface flaws.

* Fluorescent dyes on particles in a liguid suspension are used to find very tight

surface flaws.
* Visible dyes on dry particles are less sensitive to tiny surface defects, but are

better for finding sub-surface flaws.
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