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Abstract—Instead of performing the integration explicitly to
calculate the magnetic field from an arbitrary shaped wire, an
improved method was proposed. The magnetic field generated
by a straight line segment carrying steady current was
calculated based on the Biot-Savart law. The new approach is
to break the wire down into a number of straight line segments
in its plane. According to the principle of vector superposition
and coordinate rotation, the magnetic field from the complete
current wire can then be calculated by summing the
contribution from each of the separate straight line pieces. The
simulation results show that the proposed numerical method
has high accuracy and faster computational time and is
efficient and convenient to the application in projects.
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I INTRODUCTION

The calculation of the magnetic field is a centra
problem for degaussing coil systems. An important aspect of
designing and adjusting coil loop and degaussing power
supply is to determine the magnetic field at any position due
to an arbitrary shaped coil. An improved method to achieve
this, based on segmentation and coordinate rotation, is
described in this paper. Lately, many solutions for the
magnetic field from a single rectangular or polygonal loop of
wire in a plane can be found in text books and various
publications. Integrated method have been wused for
caculating the magnetic field intensity from a circle and
rectangular wire carrying a steady current, for example [1].A
series expansion for the magnetic field of acircle current can
be found in the survey [2].The formulas were presented for
caculating the magnetic fields of line current coils under
both common and specia conditions [3]. The magnetic field
of multiple rectangle loops or polygonal current coil were
regarded as the summing contributions from each segment
[4-6]. Nevertheless, those methods are unsuitable to calculate
the magnetic field of asymmetrical wire in projects.

In this paper we investigate a different method to
simplify the calculation. The magnetic field produced by a
straight line segment at any position in Cartesian coordinate
system was calculated directly from the Biot-Savart law.
Rather than performing the integration explicitly to calculate
the magnetic field this paper propose an improved method.
The useful approach is to break the arbitrary shaped wire
down into a number of straight line segments in its plane.
According to the principle of vector superposition and
coordinate rotation, the magnetic field from the complete
current wire can then be calculated by summing the

contribution from each of the separate straight line pieces.
The rule for segmentation is given as well. The numerical
results demonstrate that the proposed method have high
precision and faster computational time and is efficient and
convenient to the application in projects.

II. THE CALCULATION OF H PRODUCED BY A STRAIGHT

CURRENT-CARRYING WIRE

The Biot-Savart law is an explicit equation for the
magnetic field intensity H in terms of a steady current | and
the closed path C that it flows on, such as the path shown in
Fig.1 (a).We can obtain the magnetic field equation at an
arbitrary field point P (X, Y, Z,) in the Cartesian coordinates,
which can be expressed as
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Idl are represented by the position vector r and r”
respectively, r —r’isthe relative position vector.
7

dix (r—r’)
3

D

7

I

dH,

Fig.1 The magnetic field produced by a current-carrying wire at point P

For an regular loop that lies in the x-y plane and carries
a steady current |, we can expediently obtain the calculation
results by Equation (1), whereas, in the case of arbitrary coli,
the resulting integrals are very difficult .In order to develop
a simple way to determine the equations for calculation, let
us first consider H is generated by separate line segments.
Based on the principle of vector superposition and
coordinate rotation, the magnetic field from the complete
coil can then be determined by summing the field generated
by each of the separate line segment.

From a magnitude perspective, we follow the
development of field equations [7] and obtain:
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Fig.1 (b) shows a straight current line AB with length
rz, directed aong an arbitrary orientation. ry and r, are the
relative position vectors from field point P to terminals A
and B respectively. Here, the angle ¥ is defined as the

smaller angle between APand BP , DP is defined as the

distance vector from P to AB, with length d. Using the law
of cosine, we find that Equation (2) can be expressed as
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Since each current element Id! is defined as a vector
with the same direction as AB, the direction of magnetic
field generated by each element a point P is the same as
well. According to the cross product, we obtain the direction
of H, which can be written as
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Then, we can easily obtain three components of H in the

Cartesian coordinates.
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IIl.  THEDEVIATION OF H. GENERATED BY AN
ARBITRARY SHAPED CoIL CARRYING STEADY CURRENT

The generated magnetic field at any point can be
caculated directly from the Equation (5) when the
coordinate variables of the straight current line are given.
For an arbitrary current curve C, a more useful approach is
to break the complete current curve into a number of arc

segments M M, M;M,,---,M M , N is the number of
segments. Thus, the arc segment M;_ M, (i=12---,N)

can be thought of as straight segment M, M, if N is
selected properly. The magnetic field from the complete coil
can then be determined by summing the contributions from
each of the separate line segments.

H.=)H =) |H|e +)|H)|e,+>|H]e, (6)

i=1 i=1 i=1 i=1
Fig.2 (@ shows a steady current | flows aong an
arbitrary path DE in the Cartesian coordinate system. When
the termination points D(X,, Yp,25) » E(Xe, Ve, Z:) and any
other point F (X, Yg,z:) on the curve are given, the local

coordinate system can be determined accordingly. As shown
in Fig.2 (b), atermination point D of curve is located at the

e,
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origin in the new coordinates, the X axes is defined with the
same direction of the vector DE , the Z' axes is

perpendicular to the plane of the loop , theY axes is
specified by the right-hand rule. In the local coordinate

system X'Y'Z', the curve is broken down into straight line
segments, and then we can obtain the coordinate variables
of breakpoint M, by coordinate rotation.
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Fig.2 The subdivision and coordinate transformation of an arbitrary shaped
wire carrying a current |

To evaluate coordinate varigbles, a=(e,.e,.e,)’ is
specified as the base vector in Cartesian coordinates,
p= (ex,,ey,,ez,)T is the base vector in the loca coordinate

system X'Y'Z', we obtain

= DE =t +t +t ;
e%—ﬁ— 1€y T 126y T3¢y
_ DExDF ¢ ) o
ez, —ﬁ— 3ley + 31ey + 3332, (7)
ey =eyxe = t21ex +t22ey +t23ez
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Substituting Equation (7) into Equation (8), we have

e £ = %Yo
SO0 +E-2f O+ e+~
B " Tty = tala, — totas s
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try =tutss —tglyy 3ty = oty — ity , Moreover, the
variablest,,, t,, and tg; can be determined by Equation (4).

Using rotation and trandation, we obtain the complete
coordinates of an arbitrary point P (X,y’,Z)
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The arbitrary wire carrying steady current is firstly
subdivided in local coordinates and the coordinate variables

of breakpoint M, (x®,y®,7") can be determined. Generally,
we obtain the coordinates according to the length of wire,
which can be expressed as x© =UDE f(X)dsei/N

yO=fx"), Z9=0, i=12---,N .This means the
calculation accuracy ascends proportionally to the number
of the segmentsN .To better demonstrate the algorithm of
subdivision, we take arc coil as an example. Termina point
E (X, Y., )and the center of curvature F (¢, yr,z-) inthe
local coordinate system is shown in Fig.3. d is the distance
from field point to the chord with length ¢ .
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Fig.3 The subdivision of an arc coil inthe X" - y plane

The Equation (9) can be expressed as

X,E Xg —Xp XI,: Xe —Xp

’ -1 s | _T-1
Ye =T Ye=Yo |5 | Ye [=T | Y~ Yo (10)
z z. -7, z z. -z,

Obviously, we haveZ =7 =0, R=1/(x)*+(yg)* in thex -

y plane, the radius angle of the arc is determined

by 6=6-6,=r52acan(-y- /%) , subtraction is selected

when@ <7, and A@ is defined as the radius angle of the

differential arcM,_,M, , which can be derived as
AG=(6,-6,)IN (12)

Thus, the coordinate variables at point m;(x @,y ©, 7 ®ycan

be written as

X ¥ =Rcos(6, -iA0)+x. ; 7V =0;
{y’ O =RsinG, —-iAd)+yr; =123, N

Substituting these terms into Equation (9) and Equation
(6), then we can obtain H generated by an arbitrary shaped
coil carrying steady current.

(12)

IV. SIMULATIONS AND PRECISION ANALYSIS

In the simulations, we use integrated method [1] and
subdivision method to calculate the magnetic field intensity,
represented as A and H respectively, generated by arc wires

with different radius angles. Other parameters are taken as
R=1m, I=20A.The relative errors of magnetic field intensity
e isdefined as e= (Hs-H)/ £X 100%. The simulation results
are shown in Fig.4.
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Fig.4 Relative errors of the calculation of magnetic field intensity produced
by different arc wires

From the Fig.4 (a) and (b), we find that the relative
errors of calculating magnetic field, generated by arc wires
with different radius angles, present uniform distribution in
a rectangular band when N=1.The Fig.4 (b) and (c) show
that the distribution of e in the plane varies proportionally
to the differential angleA® . Their tendencies are shown in
Fig.4 (d). We defined the ratio of d and ¢ ask =d/ ¢, then it
can be seen from the figures that k increases linearly when
& is fixed and A@ increases. The trend means that an arc
with larger central angle can be treated as a straight line in
the calculation of magnetic field when Kk is greater. To
improve the efficiency of the method, we can express the
relationship between A@ and k as

{A0=1.93— 45.37e, + (-1.263+ 70.339¢, )k
N = [(91 - 92)/A0]d

[¥ 4 rounds the elements of x to the nearest integers
greater than or equal to x.

(13)

Fig.5 Geometry for a simulated coil
Taking the precision of the arc current as e =1%
in the simulated coil, shown in the Fig.5, we choose
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sample points along the central axis and calculate the
relative errors of the entire coil. During the simulation,
the parameters coincide with that in reference [ 3].

a0 03
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Fig.6 Simulation Result of former-wound coil

The curves in Fig.6 represent the computation
results of the number of segments N and the relative
errors of the complete coil, and indicate that the
proposed method is efficient and have high accuracy.

V. CONCLUSIONS

The presented method of calculating the magnetic field
from an arbitrary shaped wire is to break the wire down into
a number of straight line segments in its plane. Instead of
performing the integration of the complete current wire
explicitly, the proposed approach is to sum the contribution
from each segment based on the principle of coordinate
rotation and vector superposition. The rule for segmentation

is given to improve the efficiency of the method as well.
The simulation results show that the proposed numerical
method have high accuracy and faster computational time
and is efficient and convenient in projects.
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