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APPENDIX C
Equations for inductance and capacitance

for multi-phase transmission system

We know that inductance is given by:

L=y /!

Where, T = weber turns flux linkage
| = Current flowing through

Hx = Ix / 2nx field Intensity
IX =Tt /72 | =x2/r2 |

Hx = x2 / 27tr2x |
=x/27m2 1 AT/m

Bx = go gr Hx

= goxl / 2nr~ As, gr = | for non-magnetic material

vint = goI / 817

a
vext = \ (gol / 27tx) dx

i)l = gol / 27t (‘A +j dx/x

0
6fO Qla
10j O 02b
5e O 02b 9 Q O3c
@)
4d
@) @)
0 0.0
4d 3c 7g 6f b5e
Six-phase configuration Twelve-phase configuration

fig. C-I fig. C-2
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Inductance for the Six-phase Transmission System can be given by

o (04 a o
La=poli/2m { %+ [dx/x } + pola / 2m | dx/x + pels/2m | dx/x + pola/2z § dx/x
T d12 d13 . dM

o a
+ pols/2n f dx/x + pole/2m | dx/x
d15 d15

= p.()/ZTE { (% - log I’)Il - Izlogdu - I3Iogd13 - 1410gd14 - Islogdls - Islogdm }

= o/ 2m { (% - logr)[ - (0.5 — j0.866)I logd> — (0.5 — j0.866) I logd;s — ((-1)I logd4)
-(0.5 - j0.866) I logd;s — (0.5 — j0.866) I logd,s }

=pol/2x { 4 -log.r— 0.5 logd; + j0.866logd;, +0.5 logd,; +j0.866logds + logd 4
+ 0.5 logd,s - j0.866logd;s - 0.5logds - j0.866logd 6}
=pol/2x { % - log.r — 0.5 logd;> + 0.5 logd;; + 0.5logd,s - 0.5logd,¢
+j0.866 logd,2 + j0.866logd, 3 - j0.866logd, s - j0.866logd;s + logd,4}
= nol /2n { Y - loger + 10g[d13d15 / d15d12]0'5 + logd14 +j0.86610g{d12d13 /d15d15] }
r =re"*=0.7788r = GMR.
La =471 10'7 /127 [ 4+ Iog (d;4/1") (d13d15 / d15d12)0'5 +j0.866log (d;}dlz/dlsdm) ] (A)

r=re"* = 0.7788r = GMR

=2x 107 [In (d1/r") (d13d;5 / disd12)]™* + j0.8661n (d;3d;2/d;5d;6)]

Similarly,
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Lo =2 x 107 [In(das/r’}(d24das/d12dz5)" +j0.8661n (da3das/di2d26)]
Lo =2 x 107 [In (ds¢/r")(d13d35/d23d34)"° + j0.8661In (d3adss/d 3ds0)]
Lg=2 x 107 [In (d14/r")(d24das/d3adss)"> + j0.8661n (dysdss/dradss)]
Le=2x 107 [In (da5/r")(d;sd3s/dasdag)™ + j0.8661n (d;sdse/dasdas)]
Le=2 x 107 [In (ds¢/t)(da6das/d16ds6)™ + j0.8661n (dasdss/disdas)]

Now for the cyclic transposition for which 1 is divided in 1/6 and all the six-phases are
transposed in such a fashion that each phase occupies every position for equal span during
whole length so that inductance of all phases be equal. This would help to achieve

balanced voltage at receiving end and to maintain phase sequence too.
Leq = 1/6 In (Lot Ly+LctLgtLetLy)

= 2x107 /6 [(d147das>dse” / 1) [(d13dys / diadi6)(daadas / diadas Y(dy3dss/dasdaa )
(d24das / dsadss) (disdss / dasds Ydaedas / digdse)] > +j0.866 In[1] ]

= 2x107I0/6[ 1/r (d14°das das2)[(d13°d152drg’dag”d357das) /(d127d 67 dos*dasdsed3a®)] 2] + O
—_®
Where,
dis = da = das = d3s — (dza)*
di3 = dgg — (d13)*
di2 = dis = dp3 = dus = dss = d34
L =2x10710/6[1/ r®(dis*das’dis? dog* 7 dizdi6?)
=2x 107 In[ Ur (d1adaa/di2)"® (dasdi3/di1)”® ] H/m

L=2x 107 In[ (1/r") (d1ad2e/d12)*” (dpsdi3/dis)"” ] H/m
=2x 107 In[ (/") @V3D)** (243D )"* | H/m

=2x 107 In[ 23D/ r’] H/m

Which is inductance of Six-phase by cyclic transposition
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EQUATION OF INDUCTANCE FOR 12 - PHASE SYSTEM:-

La= |io/2 n (1/4- loger)l - (0.866 —j0.5) logd12 - (0.5 - j0.866) logd|3 - (0 —j!)logd|4
-(-0.5 - jO)logdi5 - (-0.866 -j0.5)logd|6 - (-1 )logd|7 - (-0.866 +j0.5)logdi8
- (0.5 +j0.866)logd]i) - (-j 1 )logd|.io - (0.5 +j0.866)d|,u - (0.866 + j0.5)d|12

La= 2x10'7 [-loger’ -0.86610gdi2 +0.510gdi2 - 0.510gd|3 +j0.86610gd|3 +j logd|4
+ 0.51ogd)5 +j0.86610gd|5 + 0.8661ogd|(l +jO.510gd 16 + logd 17 + 0.866logdis
—j0.510gd|g +0.510gdm-j0.86610gdm +jlogduo - jO.51ogdu! - j0.866du !
-0.866l0gd1.12 —j0.510gd]| 17]

La= 107 [In (d|3di72di9 / di3d| j ir") (d|6cl[s / di2d],12)°866 *2
+] In(di2d)4'di6 / d|8d],[02d].i2) (d13d %5 / d!ydu 1)° 866 x 2]
= 107 [In (d! sd17~d19 / d13d 111 r 2) (d[ftd]s / d~di, )17
+j In(dizdia_dis / digdi,io2di.iz) (d|adi5 / d19d1.11)1'73]

La L-'c

=2 x 10 [In (disd|7_dis / d13d: tir “)™* (d|(,di8 / d 12d 1.12)173 _

Where, (disd)72dis / di3d|,nr’2) 12 = 4v3 D/r' and
(dI6d18/d12dU2)1'73/2= [13]0 866

So,
La =2 x 10"74x/3 [13]°'866D/r"

This is an inductance of the conductors, belonging to, say, group 1, who are situated at the

comers of the hexagon. Inductance of others may be given as:

Lb = 107 [In (dz6dzs~dz,io / d2402.i2i',~) (d27d29 / d23dl2i)"T
+ In (0230252427 / d2902,1d2:) (d24d2ft/ d2.1002.12): T3]

Lc - 10 7 [In (d370392d3. | / d33d3i,r ) (d38d3;io / d34d32)1,73
+j In (340362038 / d3.iod3,i22d32) (d33l37 / ¢ai id3i)173]
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Lq= 107 [In (magdy 10°ds 12 / dasdan’®) (daods 11 / dasdaz)™ "
+ j In (dasdar’das /ds 114412 das) (dasdag/ds 12da2) 7]

Le =107 [In (dsods 1 1ds; / dsidsar™®) (ds,10ds,12 / dsedsa)" "
+j In (dsedseds 10 / dsadsa®dsa) (dszdsy / asidss)' "]

Le= 107 [In (ds,10ds,12°ds2 / desdesr’®) (de,11ds,1 / dgrdes)' "
+j In (dezdss’de 11/ds1des*des) (dsadsi/d s2deq) ]

Lg = 107 [In (d7,11d7:°ds3 / drodsst™) (d7,12d72 / drgdie)'
+j In (d7sd7,10°d7,12 / dradrs’dre) (drodin / dradss)' ]

Ly = 107 [In (ds,12ds2"dsa / s 10dssear”) (dg1dss / dgodss)' ™
+j In (dgods, 11 ds: / dgsdssds7) (ds.10ds,12 / dgidse)' "]

L; = 107 [In (do1dos’dos / dg.11do71"%) (doadss / dg 1odog)’ "
+ In (do,10d9,12°d9s / doados dgg) (dg,11dg; / dosdgr) ]

L= 107 [In (d1o2d104°d10,s / dio12di0gr™) (diosdios / dio,11diog)" "
+In(d1o,11d10,11°d10,3/d105d10 7°d10,9)(d10,12d10.2/d 10 6d10.8) ]

L= 107 [In (d113d115°d17/ diadiner’® (dirading / dipadine)”
+jIn (din12d112°di1 4/ dinadins) (didins / diadie) ™)

Li= 107 [In (diz4di26°d12 / dizadizor®) (dizsdin 7 / diz1dia )™
+n(dy2,1d125°d12.5/d 12 7d12.9°d 12,1 )(d12.2d12.4/d 12,84 12.10) ]
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First Group
Lh=L=l=1=1 =1 (Situated at the corners)

Second Group

ls=la=lg=1ly=1=1 (Situated between the corners)
For the first group as derived earlier the inductance will be:
=2x 107 43 131D/

For finding inductance of the Second Group, We shall take formulae for any of the

conductors in this Group,

Le =107 {In (ds,10ds,12°dsa / degdsar™) (de,11ds; / d57d65)1'73_
+j In (dgrdes’ds, 11 / deides*des) (desds / dexdes)' "]

As the imaginary part of the above equation will be zero (as jln(1)=0)we will take the real
part only,

=107 [In (de,10ds,12°ds2 / desdsar™) (de.11de1 / derdss) -7

=2x107 [In[V3¥3 x D*/ Y} '? [13]"**

as, d5,10 / d6g = d62 / d64 = \/3
and (ds 12)* = 12D°

=2x107 [In 6 [13]°%¢ D/r'] H/m

This is the equation of line inductance for Group-2 conductors being situated at the middle
of two corners of Hexagon. If cyclic transposition is performed to maintain voltage in
balanced condition and to maintain phase sequence the equivalent inductance, which will

be equal to sum of all 12 inductances divided by 12.
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L =2 x 10"7In [(4 V3)6 (6)6 (13)°'866 x 12]""2
=2 x 107 In [(4 V3)5 (6)6 013)° 866 x 12]112
=2 x 107 In [46 x 33x 26 x 36]"'12 (13)0 866
=2 x 10"7In [212 x 26x39]112 (13)0'866
=2 x 107 In [218/12 x 39/2] (13)0'866
= 2 x 107 In [23/2 x 334] (13)0'866
=2 x 10" In [2x V3]3/2(13)°-866
=2 x 10"7 In [2V3]1’5 (13)0866

Capacitance of the Six-phase Line:

Six-phase line has six, phase to ground voltages and 15 phase to phase voltages. Phase to
phase voltage characterized by three groups and phase to ground voltage equals adjacent
phase voltage.
We know that,

Vab =1/2jiK[qgaln(d|2/r)+gbIn (r/di2) + qcln (d23/di3) +.....+qgn In(d2n/d|n)] (A)
And
Cab=qga/Vab (B)

vab= 1/2jiK [q: In (dL2/r)-i-q2In(r/d 12)+q3In(d32/d3 )-+-q4In(d42/d4i )-t-g5In(d52/d5: -t-g6In(d62/d6i)]
=1/2jiK gi[In(d]2/r)+(0.5-j0.866)In(r/d|2)+(-0.5-j0.866)In(d32/d3,)+(-I )In(d42/d4|)
+ (-0.5+0.866)In(d52/d5i)+ (0.5+]0.866)In(d62/d6,)]

= gi/2nK [In(di2/r)+0.51n(r/di2)-j0.8661n(r/d|2)-0.51n(d32/d3[)-j0.866)In(d32/d3i)
-1In(d42/d4:)-0.5 In(d52/d5i)+j0.8661n(d52/d5i)+ 0.5 In(d62/d6[)+j0.8661n(d62/d6])]

As d|4-d36,
d42=d5i=d62 and
d|2=d23



= q/21K [In(d31ds6™)/(diedzst)] > + In (disdas/dir) “**°]
Can = 201K/ [10(d31d362)/(d16d251)] > + j In (d13dys/dier) “20°]
For Cpy=Cen

= g/20K[In(d23/t)+(0.5-0.866)In(t/dz3)+(-0.5-10.866)In(dap/daz) +(-1)In(ds3/dsz)
+ (-0.5+0.866)In(ds3/de2)+ (0.5+i0.866)In(d;5/d )]

Real part of the above equation yields in,
= In[(das’d13)/(xdsed16)]

Imaginary part,
= jIn [desdia/rdis] **°  (As dz=de> and dzs=ds3)

SO, CanCm

=21K / In [(das’d13)/(1ds6d16)] *° + j In [dg3dis/rdye] **%
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