SOLUTIONS:

EXAMINATION IN 2C1134 Electrotechnical design
December 2003-12-16

Solution to problem 1:

The temperature rise of straight conductors buried in ground is given by
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where L; is their depth under ground, P, the heat dissipation per unit length of the conductors, and A4 is
the heat conductivity of the ground. The distances d;x and D areillustrated in the figure below.
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The temperature rise is maximal of the middle conductor, because it has two neighbour conductors that
contributes the temperature rise. We then can concentrate on to treat the middle conductor.

By using the given values one obtains
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From the figureit is evident that
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ANSWER: The minimal allowed horizontal separation is 23.7 cm



Solution to problem 2:
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ANSWER: At 2kHz the loss tangent is at its maximum. The valueis 0.75

Solutionsto problem 3

First estimate the equivalent radius of each phase conductors. For 3 10mm diameter conductors that
can be circumscribed by acircle of radius 20cm we have

Mg = /3-0.005-0.2** = 0.08434

The configuration of power line can be drawn according to the figure below
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The distance to the mirror image currents, which corresponds to the real phase
currents can be calculated according to Carson’s formula

D=658 |2 = |29 _ 4160 m
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The distances d;» , dp3 and d;3 between the conductors are calculated according to
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The components of the impedance matrix can now be calculated. The self and mutual
inductances of the phasesisfirst calculated as
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ANSWER: The short-circuit current is 3649 A



Solution to problem 4

First name the parts of the transmission such that these are 1, 2, and 3 from left to right.
The transmission coefficients then are

015=0.5 and 01,3=0.5

The voltage at both sides of the reflection points A and B must be the samei. e. u+u,=u.
Definition of transmission and reflection coefficients gives

2 —

aA U = f,u and U =0l 0y = Zlfzzz ' Fra= 22"'2
U=Ur-U = Pl = ag,U — U = (alz _1) 4 = f,=-05

4B U=Uel = Bl = 0,U — U = (0{23 — 1) u = B,=-05

Further we by definition have B1,= - B2

Now we can use the reflection diagram method with
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ANSWER: The voltage after an infinite number of reflections will be 0.2U,



Solution to problem 5

First estimate the equivalent radius of each phase conductors. For 3 10mm diameter conductors that
can be circumscribed by acircle of radius 20cm we have

log = /3-0.005-0.2** = 0.08434

The configuration of power line can be drawn according to the figure below
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The distances d;, , dy3 and d,3 between the conductors are calculated according to

d, = \/(24—19)2 +(0-(-4)") =6.403

d21 = d12
d23 = d32 = d12 =6.403
d,=d,; =8m

The coupling coefficients are then calculated according to
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To get capacitances one needs to invert the coupling matrix to obtain the coefficients of capacitance
and the coefficients of induction.

kll k12 k13 C1l C12 Cl3 1 O O
K=|k, k, ky|sichtha K'=|c, C, C,| ei K'K=/0 1 0
k31 k32 k22 C3l C32 022 O O 1

Now the capacitances between the phases can be calculated as



Co, c12 capacitance per meter between phaseland 2
C,,=—-C,; capacitance per meter between phase 2 and 3
C,;=-C, Ccapacitance per meter between phaseland 2

C,=¢,+C,+C, Capacitance between phaseland ground
C, =C,, +C,+C, Capacitance between phase 2 and ground
10 =Cs +C+C,,  Capacitance between phase 3 and ground

Solutionsto problem 6

The single Thomson coil turn has a mean radius of Ry. The wireradiusisr, . The turns can be
straightened out. The effective length of the Thomson coil wire thenis

| = N-27R,

Introduce a xyz Cartesian co-ordinate system according to the figure below with y,=r;.
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Inapoint (0,y) between the centreg of the wires the magnetic flux density that originates from a current
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It isnow possible to calculate the generated flux per length generated by aloop comprising the two thin
conductors of radiuses yo<<r,. End effects are neglected.
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According to the thumb rule the flux is directed in the negative direction.

The outer inductance now can be calcul ated.
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The force per length unit of the Thomson coil wire can be calculated by use of the principle of virtual
motion. The inner inductance isindependent of the position of the wires. This means that a derivation
of L with respect to y; only will give non zero contributions from the outer inductance.
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Initially y;=r;. With 1=2nR, we finally get theinitial force according to
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For J=5-10° , Ry=0.005 , N=1, and r,=0.00025 we get F=628N

ANSWER: 628N



