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Correction
In the explanation for Equation 12, replace the word “centimenters” with “inches”.

Field Strength and Distribution
Other Symmetrical Shapes
The direction of a magnetic field is quite predictable
as long as the item being magnetized is constant and
symmetrical in cross section, such as a square, a ring
or a disk. When magnetizing shapes other than solid
or hollow round objects, configuration and cross
section must be considered. For example, a magnetic
particle testing inspection on a square bar will
require more amperage than the same test on a
round bar. The magnetic field in the square bar is
greatest along the center of the face and drops to
about half that value on the long corner. The field
distribution is uniform on the curved surface of the
round bar. Because of this, the diameter of the part is
taken as the greatest distance between any two
points on the outside circumference of the part, as
shown in Figure 4.13.
Also, as shapes become more complex, it may be
extremely difficult or impossible to predict the field
intensity in specific areas. For complex-shaped parts,
measuring devices are used to determine the magnetic field intensity in specific areas.
If the square bar in Figure 4.13 is 50 mm (2 in.)
per side, the diagonal dimension is 71 mm (2.82 in.).
If the square bar is circularly magnetized with direct
current, the 1000 A per 25 mm (1 in.) rule would
require 2820 A to magnetize a 50 mm (2 in.) square
bar with a 71 mm (2.82 in.) diagonal. A 50 mm
(2 in.) round bar would require only 2000 A for
magnetization because its diagonal is 50 mm (2 in.).
Another approach to determining the current
needed for magnetizing irregularly shaped bars
requires the comparison of the perimeter of the
cross section of the bar with a bar having the same
diameter. If the cross-sectional perimeter of the bar
in Figure 4.13 is 483 mm (19 in.) the diameter of a
round bar with a 483 mm (19 in.) circumference is
483 mm (19 in.)/3.1416 = 154 mm (6 in). This suggests that a 5000 A current is adequate. Using the
perimeter approach, the equivalent diameter for
a 50 mm (2 in.) square bar would be 200 mm
(8 in.)/3.1416 = 64 mm (2.5 in.), which is reasonably
close to the 72 mm (2.8 in.) diagonal. A flat bar
having the same area of 100 mm2 (4 in.2) could be
13 mm × 200 mm (0.5 in. × 8 in.). The perimeter of
this bar is 432 mm (17 in.). The diameter of a round
bar with a 432 mm (17 in.) circumference is
432 mm (17 in.)/ 3.1416 = 137 mm (5.4 in.). Thus,
to magnetize a square bar with a 100 mm2 (4 in.2)
cross-sectional area would require about 2500 A,
whereas a flat bar with the same cross-sectional area
could require more than twice that current. This
approach is based on the fact that magnetism is a
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Field strength on entire
curved surface = B

Figure 4.13: Field strength versus current. The diameter of the
part is taken as the greatest distance between any two points
on the outside circumference of the part.

surface-oriented condition, as Figures 4.4 through
4.12 show; therefore, if the surface for the same
cross-sectional area is doubled, the surface magnetic
field (and hence the magnetizing current) should be
in the same ratio.
The study that yielded this approach included
surface flux density measurements that closely
approximated the expected flux. Using this
approach, Equation 12 gives an approximation of the
current required for direct contact magnetization of
oddly shaped uniform cross sections:
(Eq. 12)

I=

P
× 1000
π

where:
I = magnetizing current, in amperes direct
current,
P = perimeter of cross section, in inches,
p = 3.1416.
A single part with multiple sections of different
diameters requires that different magnetizing current
levels be selected for each section. The section
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