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Mutual Inductance between the Semicircular Bus and

the Straight Bus ()

Yukio KoIDE,* Masashi KoTANI* and Nobuo TAKEHIRA¥

Abstract

The curved busses are often used and it is specially important to calculate self and mutual
inductance of heavy current busses. Therefore in this paper the mutual inductance between the
semicircular bus and the straight bus is given.

And the numerical example is shown.

List of symbols

Cy1: straight conductor

C2: semicircular conductor

dli :  element of the straight conductor

dlz :  element of the semicircular conductor

! : length of Cy

r @ radius of Cqo

R : distance between any point P; and Ps selected at random on the conductor C; and Cs
6 : angle between the straight conductor and radius for point Pg

1. Introduction

On the secondary busses of the transformers used for the electric furnaces, the currents are
heavy and the power factor is affected remarkably by reactance of the busses.

Therefore, attention must be paid to the arrangements of the conductors. In this paper we
calculate mutual inductance between the curved bus and the straight bus. Flexible cables of the
electric furnaces are necessary because the electrodes are moved up and down by the control device.
They are curvilinear.

Assuming that flexible cables are semicircular, we calculate mutual inductance between them and
the straight busses.

It is assumed that the conductors are of circular crosssection and that the current is concentrated
along the axis of the conductors.

It has reported that little error is introduced by this assumptionl),

2. Arrangements of the busses

In Fig.1 both the semicircular conductor and the straight conductor lie on a same plane.
Diameter of the semicircular conductor and the center-line of the straight conductor are in the
same line.
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Fig. 1 Arrangement of the conductors

3. Calculation of mutual inductarnce

In Fig.1
R2=(r sin 0)2+4(r—r cos 0+[—11)2
Therefore
R=x/(rsin 0)2+(r cos 6+1—01)2 W

And moreover scalar product d/y « dl2 is
dh « dlz=diy dls cos(%— 0)=r sin 0 do dix @

By Neumann’s formula, mutual inductance M between the semicircular bus and the straight
bus in Fig.1 is

o (dh-dhy
M= 4 S ﬂ R
_/10 I‘SGz,ﬂ-Sln—-—l~ sin 6 do diy - (3)
47 Yo=0)i,=0+(r sin 0)2+(r—r cos 0+1—1)3
First, we substitute
r—rcos 0+I—h=x :'T ms: . dlh=—dx @
s — g COSG4-1
And first integrating with /1
g i dly o
Yo/ (rsin )2+ (r—rcos 0 +1—h)2
S r—1 COs# _dx
T Jrorcosotl  /x24 r25in2 0
[ 7r—7r COSs 8§
= —[loge (x++/x2+r2sin? 0)],’,_,_ cos 04

= log.{r+I/—rcos 0 ++/(rI—rcos 0) +r2sin? 0}
— log:{r—rcos 6 +/(r—rcos 6)2+r2sin20} (5)
Using Equation (5), Equation (3) becomes

M= /;onr S ; sin 0 log.{r+1—rcos 0++/(r+t1—rcos 60)2+r?sin2 6}d6
tot | ™ . —
— 4 SO sin 0 log: {r—r cos 0-++/(r—rcosf)2-+r2sin 0}do
=M1— Mo (6)

where we put the first and second term of Equation (6) info My, Mz respectively.
First we calculate M.
Substituting cos 6 for ¢ and integrating with ¢

/ (1
1= 50\ Jogdr it/ G- (L — 1) }dr
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_ for 5
T 4=r
Again substituting next

1
_ logelrtl—rtt3/(rtD2+r2—2r(r+1)1}dt )

1 N . _ P2 B
. ‘ (’+1)‘+r2_2’(’+[)’—T2f(“_2,)2, —r(r+Ddt=TdT

And using partial integration, we calculate M;.

_ Hor [ e T2+ Qr+20T+12+20ry TdT
M= 472' 3 lo E{h 2r+21 } r(r+l)
/lor[ T2 {T2_+(21"+2/)T+12+21r}]27‘+l
47 \2r(ril) O 2r+21 !
_ Mor S ar+l T34+ (I+r)T2 o7
4mJe TP+ @reDTHE 2
ﬂO’[ T= T2+ Q2r+2D) T+ +z/r72r+1
470 2r(r+1D) log: Tﬂ)
_Hor T2 4/ 2r4d
_27:(10+;)~[w (r+DT+ % 5 (2r2+2rl+12)1og(T+ 1) (T+1+2r) — (r+1)log. T+l+2r}

_ ok § (I4-2r)2 /2
T4 { 2r(r—f~l)10g 2(1+2r) - 2r(r+l)log52[}

_ggﬁ{ 2re42rl+i2 1+2r o L—};I)i}
47U 2r(rtly 108

081 (T+2n
‘vloge 2(l+r) 8)

Next we calculate Mo,

Substituting similarly in the cace M.

tor |1

Me="7 3 _Jogedr—rt 8/ (r—r)2+r2(1=12) 1dr

1 N il - —
/f}o;{zloggH— 3 ]loge\/l—t dr+ 5 . logs(~/1*t+\/2)dr} 9)
where we put the second and third term of Equation(9) into Mg21, M2z respectively. And first

substituting 1—¢ for 7 and calculating Mo,

for [% log. T—g]i

4
_ sor _ _*1 Tlog. T—T
= {logz 1— lim (T'log )}
,uol’

, _ Mol
(logez 1}7hmT)f i (log. 2—1) 10

>0

Next calculating Mge

M&_%)_C 5 " log (T+v2) - 2TdT  (wherey/ 1=t =T)

= ((T2-2) log. (T+«/2)—'—'*+~/ ]\0/2

fﬂoﬂ—(l—Hog 2) it

Inserting Equationg() and Equation(ll) into Equation(9) we obtain

MQ:%‘%( 2 log. r+log.2—1+log.2+1)
—-—m( 2log.2r)= % log.2r (12
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Moreover inserting Equation(g) and Equation(l?) into Equation(6) and we obtain M finaly

M= % {log:2(I+r) —log:2r}

4. Numerical example

Fig.2 is relationship between M and u(=I/r) for the case that [ is parameter, It shows that M

decreases as r decreases, where [ is constant.

4.0

2.0 ES
- Zln)

u={(/17r)

Fig.2 Relationship between M and u

5. Conclusion

The result is simple. It is useful to design arrangements of the heavy current busses.
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