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HIGH CURRENT HARMONICS INFLUENCE ON THE CHOICE OF CONDUCTORS OF
CRANE POWER SUPPLY SYSTEMS

Purpose. To study the effect of high current harmonics on the power and voltage losses in the conductive lines of the crane power
supply systems and the development of an account method for this influence in practical calculations. Methodology. For research
analytical methods and methods of simulation are used. Results. Analytical calculations have been performed for power losses
and voltage losses for the conductors of crane power supply systems in the conditions of high harmonic generation for frequency-
controlled drives. Originality. For the first time, the authors have obtained the analytical expressions and graphical dependencies
in relative units for practical calculations that allow determining the effect of high harmonics to the values of power losses and
voltage losses for crane supply systems, while the parameters of steel conductors are nonlinear for load current and frequency.
We have established that the values of power losses and voltage losses increase for crane power supply systems. It is shown that
the power losses lead to a decrease the efficiency of crane supply systems up to 7 %, which must be taken into account when
choosing electric drive systems and its payback period. Practical value. The obtained theoretical expressions can be used for
calculations, design, optimization of crane power supply systems in terms of high harmonic generation. References 12, tables 2,
figures 4.
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Y cmammi nposedeno docnidricennn 6niaugy sULUX 2apMOHIK CIMPYMY HA 6MPAmu HARPY2U i ROMYICHOCMI 8 CIHPYMONPOBOOAX
cucmem yHcuenenna Kpanie. Ompumani HeoOXiOHI po3paxyHKoei CniggiOHOweHHA 0N 6USHAYEHHA RAPAMEmpie CIMPYMOnPO8ooie
npu naaguocmi euwgux apmonix. Ha npuxnadi naii6ineus po3noecrodiceHux 4acmomHuo-pezyib08aHux npueoodie NOKA3IaHo, wio
6 mponeiinux ainiax 3i cmanesux mamepianie empamu Hanpyzu i nomyxycHocmi 3pocmarwoms 00 4 pazie i 0o 1,43 pasu,
6ionogiono. Ilokazano, w0 Haneénicmv HeNIHIHOI 3a1€)HCHOCMI AKMUBHOZ0 ONOPY CHMANEGUX CPYMORDPOBOOI6 6i0 cmpymy
Hasanmax cennsa i yacmomu npu3eo0ums 00 30iNbUieHHA PO3PAXYHKOGOT Geuyunu 8mMpam HOMYMNCHOCHI 6 NOPIGHAHHI 3
PO3paxyHKom uepe3 Koegiyicnm cnomeopenusa cmpymy. Becmanoeneno, wo eenuuuna tgg,; moyce 6ymu uKOpUCMAna AK
KOHCMPYKMUGHUI NOKA3HUK cmpymonpoeody. Hasenicmv empam nomyscnocmi npuzeooumsv 00 3uudxcennna KK/ cucmem
JcusneHHsa Kpanie 00 7 %, wio HeoOXiOHo epaxosysamu npu eubGOpi cucmem e1eKmponpueoody i iiozo mepminy oxynnocmi. biosm.
12, Tabmn. 2, puc. 4.

Kniouosi cnosa: Buuli rapMoOHiKM, BTPaATH HANPYrH, BTPATH MOTYKHOCTi, CTPYMOIIPOBO/M, CTAajeBi MaTepianu, ajroMiHieBi
LIMHH, CHCTEMH JKHBJICHHS KPaHiB.

B cmamve nposedeno uccinedosanue 6auUAHUE BbICUWIUX 2APMOHUK MIOKA HA ROMEPU HANPANCEHUA U MOUWIHOCHMU 6
moKonpoeooax cucmem numanusa kpanos. Ilonyuenvt neodxooumsle pacuemnsie cCOOMHOULEHUA O ONPedeieHUA NAPAMEMPOE
MmoKonpo6oooe npu Hanuyuu evicuux apmonux. Ha npumepe naubonee uacmo ecmpeuaroujuxca 4acmomuo-peyiupyemplx
npuE0006 NOKA3AHO, YMO 8 MPOJIEHHBIX JUHUAX U3 CHIATIBHBIX Y20]IKO6 NOMEPU HANPAICEHUA U MOWHOCIU 603pacmaiom 00 4
pas u oo 1,43 pasza, coomeemcmeenno. Ilokazano, umo Hanuyue HeIUHENHOU 3AGUCUMOCHU AKMUGHOZ0 CONPOMUGIEHUA
CINAIbHBIX MOKONP0GOO06 OM MOKA HAZPY3KU U YACHOMbl RPUEOOUN K YEENUYEHUIO PACUEMHOU 6eIUYUHbL NOMEPs MOUWHOCHU
nO cpasHenuio ¢ pacuemom uepes Kor(uuuenm uckaxcenus moxda. Ycmanosneno, umo GenuyvuHa tgg,; Moxyicem 0vinp
UCNONB306aHA KAK KOHCMPYKMUGHbLI nOKazamens mokonposooa. Hanuuue nomeps mowinocmu npugodum x cnuxcenuro KIT/{
cucmem RUMAHUA KPanog 00 7 %, umo HeoOX00UMO YUUMbIGAMb NPU 6blOOpe cucmem INEKmMponpueooa u ezo cpoka
oKkynaemocmu. bubn. 12, tabx. 2, puc. 4.

Kniouesvie cnosa: BbBICHIME TAPMOHHMKH, NMOTEPH HANPSIKEHHs, TOTePH MOIIHOCTH, TOKOMPOBOJAbI, CTAJIBHbIE YTOJIKH,
aJIOMMHHEBbIE INNHBI, CHCTEMBbI TUTAHUS KPAHOB.

Introduction. The main number of cranes is their efficiency, cost, without taking into account losses in

powered by alternating current of power frequency, which
is decisive when choosing the type of used electric drives
of cranes. The modern state of crane production industry
is characterized by the introduction of semiconductor
converters, significantly changing the quality of the crane
electric drive, providing uniformly accelerated start and
stop of mechanisms, which contributes to the reliability
and durability of their mechanical structures and moving
parts with significant energy saving [1-3]. In most cases,
the advantage is given to the use of a variable frequency
drive (VFD). The presence of semiconductor converters
leads to the emergence of higher harmonics currents in
the power supply system of cranes (PSSC), which in turn
negatively affects the quality of electric power,
electromagnetic compatibility, leads to a drop in voltage
and power losses. When choosing a type of adjustable
drive, an economic assessment is made by comparing

AC PSSC, which cause deterioration of the efficiency of
the PSSC-VFD system [4-6].

The goal of the paper is to study the effect of
higher current harmonics on the power losses and
voltages in the conductors of the power supply systems of
cranes and the development of methods for taking this
influence into account in practical calculations.

Main materials of investigations.

1. Initial data. In existing practice, the AC power
supply system is mainly used, and for the implementation
of adjustable electric drives in crane installations,
controlled rectifiers with DC motors or VFDs based on a
two-stage frequency converter with an independent
voltage inverter, having an uncontrolled, controlled or
active bridge rectifier are used. The presence of bridge
rectifiers leads to the appearance of higher harmonics of
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n=6k=1 order (k is the natural number k£ =1, 2, 3, 4, ...)
in the AC network, which leads to an increase in the
calculated current by an amount taken into account by the
distortion coefficient v or the harmonic factor THD; in
accordance with the requirements of International
Standards IEEE 519-1992 or IEC 61000-3-12:2012 [5-7].

To assess the effect of higher harmonics in the AC
PSSC using a two-stage frequency converter (FC), an
equivalent circuit has been used (Fig. 1). The power
source (QG) in the equivalent circuit is a symmetric system
of limited power voltages. The power supply network is
simulated by successive R;L; chains.

G r - T

' — ' Rm Ly Rz Ia Rn I R I.Im
HO- N2 0
T .

Fig. 1. Equivalent circuit of the AC PSSC

Each chain includes a corresponding inductance and
a resistance: of a transformer — Rz Lyg, of a cable line —
Ry Ly, of a section of a conductor Ry; Ly; — respectively
to the first crane in the span.

When modernizing cranes, the VFD circuit with the
common rectifier (R) which is located on the crane is
most often used. Depending on the type of crane,
conductors of profiled steel, aluminum tires, flexible
cables are used.

The following assumptions were made during the
analysis:

e the constancy of the amplitude, the sinusoidal shape
and symmetry of the three phase voltages on the
secondary winding of the power transformer;

e the inductive and active resistances of all network
elements, except the main conductor, are considered
constant and independent on current;

e taking into account the influence of higher
harmonics of the current is carried out by the simulation
results for the PSSC with a VFD or by analytical
relations, while the parameters of the conductor depend
on the frequency and load current.

The choice of conductor sections is made according
to the heating condition and is checked for voltage losses
at the most distant point [8, 9].

The rated current of the conductor at non-sinusoidal
load is determined based on the value of the calculated
power (P) by the relation [9]:

P P

I= = (M
x/?/%U,wm x/g-cosqpl V-U,om

where U,,, is the nominal voltage, U,,, = 380 V;
A, cospy, v are, respectively, the power factor for the non-
sinusoidal circuit, the power factor of the main harmonic
and the distortion factor.

For crane installations with controlled rectifiers and
DC motors or two-stage frequency converters and VFD
operating in intermittent mode, the input power factor is
A = 0.5+0.6 [2]. Ensuring electromagnetic compatibility
(EMC) of the frequency converter (FC) with the supply
network is achieved by installing an input smoothing
reactor and/or an active rectifier. In this case, the input
power factor of the main harmonic increases and can

reach unity. Further studies were performed with
cosp; =0.5+1 [4].

In the case of generation of higher harmonics, the
calculated current of the conductor is determined by the
relation [10]:

2

where I, is the value of the calculated current of the
harmonic of the n-th order in conductors.

For a bridge rectifier, the relative values of the
higher harmonics of the input current are determined from
the relation:

* 1 1 1

I =k,,~1—”:kn~—=kn- s 3)

n

=
o

where £k, is the coefficient taking into account the relative
value of the amplitude of the n-th harmonic at different
pulsations of the rectified current.

For the ideal rectifier L,=o, k,=1 the input current
distortion factor v =0.955.

For a three-phase bridge rectifier in the input link of
the FC and a capacitive filter, the values of higher
harmonic currents were obtained by the simulation
method [11], which was performed in the Matlab software
package (Table 1).

The relation (2) in relative units with regard to (3)

takes the form:
Dl k| )
i=1 f n

Table 1
Higher harmonic input current values

10 % n=5 | n=7 |n=11|n=13|n=17|n=19| v
ey 383%122% | 7% | 3% | 3% | 2% |0.926
Li=0, k=1 20% [14%| 9% | 7% | 6% | 5% |0.955
k, 191 (087077042 05 | 04 —

2. Determination of the parameters of conductors
taking into account higher harmonics. A feature of
conductors in terms of the generation of higher harmonics
is the dependence of their active resistance on the
magnetic permeability of the steel conductor and the
frequency of the current.

The value of the active resistance of conductors
made of corner steel is determined by the relations [9]:

/
Ry =KyRy = Kg - pso ?

t
K,=1+084-4,, at pg, <l

K, =0,758+,/134-8,-083, at 1<p, <3\, (5

K,=0758+11598,, at f, >3

ﬂW:2-1072£~ Lﬂ
P\ pso

where S, P, [ are, respectively, the section, cm?, perimeter,
cm, length, m; R, is the ohmic resistance of steel
conductor to direct current, Q/km; u is the relative
magnetic permeability of steel conductor, which is
determined by the curves [10], depending on the magnetic
field strength H = 0.4-7-1/P, A/cm; ps, is the resistivity to

ISSN 2074-272X. Electrical Engineering & Electromechanics. 2019. no.3 25



direct current, Q-mm?*/m; [ is the current in the conductor,
A, S, is the section, mm>.

For trolley lines made of corner steel 50x50x5 and
75%x75%10, according to the condition of permissible
heating, the magnetic field strength values H are within
6+23.5 A/cm, which corresponds to the value
i = 1500+750. According to relations (5), f, for the
frequency 50 Hz (the first harmonic) takes the values
P = 3.653.2 and B, = 6.5+5.8, respectively. The
specified values of f,; correspond to the coefficient
K, = 5+4.5 and K, = 8.25+7.6. Active resistance to
alternating  current R, 1.5+1.4 Q/km and
R, = 0.85-0.78 Q/km for comer steel 50x50x5 and

75%x75%10, while the ohmic resistance of the corners to direct
current is 5 and 8.25 times less, respectively (Table 2).

The value of the inductive resistance of trolley lines
of corner steel for the first harmonic is determined by the
relation [9]:

X=X+ X"~ X' +056R,,;, (6)
where X' and X'' are the internal and external inductive
resistances of trolley lines, respectively.

The values of active and internal inductive
resistances of trolley lines made of corner steel R, and
X", according to relations (5), (6), depend on the load
current and frequency. The value of the internal inductive
resistance X' does not depend on the load current.

Table 2
Parameters of the investigated conductors
Xop1, Qkm
Dimensions, mm Load current, A | Ry, Q/km | R, Q/km Thnaw A t20 01
X, Qkm | X", Q/km

Trollevs 50x50%5 100/170 0.3 1.5/1.36 0.216 0.85/0.77 328 0.71/0.725
4 75%x75%10 200/360 0.103 0.85/0.78 0.18 0.49/0.44 542 0.788/0.795

Tires 40x4 — 0.192 0.222 0.214 475 0.96

120x10 — 0.0255 0.0331 0.153 2070 4.6

The parameters of the most used conductors in the
form of steel trolley lines and aluminum tires for the first
harmonic are given in Table 2. Analysis of data of Table 2
shows that for trolley lines made of corner steel, 7g¢,;
varies in the range of 0.71+0.795 and practically does not
depend on their section; with a slight error, zgp,,; ~ 0.75 =
= const can be taken, while for tires, fgg,, increases with
increasing section of tires.

Internal inductive resistance for the corners of
50x50% 5 and 75x75x 10 is in the range of 0.216+0.18
Q/km and with a slight error X' = 0.195 = const can be
taken.

When generating harmonic currents #>5 in the steel
conductor, the coefficient f,, expression (5), therefore,
with an accuracy of up to 10%, K,, = 1.159-8,,, can be
taken.

The relative value of the active resistance of the
conductor for the harmonics of the n-th order, taking into

account expressions (5):
R K
. B P _ [ )
ol Kot P

— wn
wn R

where f*, = f;/f; is the relative frequency of the harmonic
of the n-th order; f,, f; are the frequency of the harmonic
of the n-th order and the fundamental frequency,
respectively.

Active and inductive resistance of trolley lines for
the harmonics of the #-th order:

*
Ra)n =Rl fn ’ (8)
* 1 & *
Xon=Xpt1- fu=| X +056R 1A f |"fu- 9
Using relations (8) and (9) we express the value:

(0,195 10,56 Ry £ j S

R

wn

t8Pun = = "
Ram Rwl ’ f n

. (10)

At f » > 5, the value of the internal inductive
resistance of the trolley lines is small compared with the
external inductive resistance, therefore, with enough
accuracy for practice, it is possible to use the relation:

€ Pon = 18001 " fy = 0.56- f; . (11)

Note that for aluminum tires and copper conductors
in the frequency range under study, the manifestation of
the skin effect is insignificant, therefore the tires
resistance is constant R, = R,;.

The tgg,,, value for harmonics of the n-th order of
aluminum tires and copper conductors is determined by
the relation tgp,, = tg@u1/ u-

3. Determination of voltage losses in conductors
taking into account higher harmonics. In the general
case, the voltage losses are determined by the relation [10]:

(12)

where AU, are the voltage losses for harmonics of the n-
th order in conductors:

‘/gkmax']n '(Ra)n'l'cos(/’l + X on 'Z-Sin(ol)
Unom

_ \/gkmax 1, R, ~l(cosqo1 +12P ~sin(p1)
Unom

where I, ¢, are the current value of the n-th harmonic and
the shift angle of the main harmonic, respectively; / is the
conductor length; k. is the coefficient taking into
account the increase in peak current relative to the
calculated value of current.

The value of cosg, is determined by the switching
angle y for rectifiers installed in the input link of the FC.

Using the previously accepted assumptions, we
transform the relation (12). For steel conductors, the
relation takes the form:

AU, = 100 =

(13)

-100,

26
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AU*:JE;ﬂéEJl—
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N 2
1 | cosgy +0,56- f, -sing,

(kn)z_* - :
1, CosQ +1g@,, -sing@

(15)

n=6k+l1

=+ >
k=1 n
For aluminum tires the relation (15) takes the form:

¥

AU =

=6k=1 S
1+" S (k) 1 [ cosgy+ 18Py - [y -Singy
" * cos @ +tg@, -singy

a

In the study of voltage losses in terms of the
generation of higher harmonics, it was found that their
value is determined mainly by the product tgg,,// ,-sing,

Jz (16)

which is part of the function flp) =
= (COS(ZJI+tg¢wlfkn'5in¢l)-
The dependencies of the function

Ap)=(cosp;+tgp,'sing;) for the main harmonic are
shown in Fig. 2.

#w)
13 T
501 = 0,75
_.—'—'—'_'_'_'_‘_"‘“-‘—-.____
12 \
1.1
€os g
]US 0a oy ne ng 1
a
)
3 T T
| Ig0m= 4.6
4 -
-
3
tgwa1= 1,7 ™
180 =U,-96-“”“ \
I R R ), e o]
]D.S 0a n7z 0z o9 1
b

Fig. 2. Dependencies flp) = (cosp;+tgp,,;-sing;)
for conductors made by trolley lines (a) and tires (b)

For trolley lines (tgp,1=0.75) at changes
0.6 < cosg; < 0.95, the function f{p) can be approximated
with enough accuracy for practice by the value f{p)~1.2,
which greatly simplifies the calculations. The maximum
value of the function f{p)~1.25 takes at cosp;=0.8.

When using tires tggp,, varies in the range of
0.96+4.6.

For tgp,1=0.96, at 0.5 < cosp; <0.95, the values
Aep) = 1.37. For tgp,; > 1.7, which is typical for tires of
50x6 mm and more, the function monotonously increases
with decreasing cosp;. The minimum value the function
fp) takes at cosp; = 1.

The dependencies of the relative values of
AU'=f(cosp;) for trolley lines and tires, calculated by

relations (15) and (16), are shown in Fig. 3. Analysis of
dependencies shows that at the same harmonic
composition of the current, the relative value of the
voltage losses in conductors of the steel corner is much
higher than in tires. This is explained by the fact that for
trolley lines the component AU, n is inversely
proportional to f,, and for tires to (f',)>. When reducing
the shift coefficient to cosp; = 0.5, which is typical for
controlled rectifiers, voltage losses increase 4 times for
steel corners, and 2.5 times for tires.

AU o4
]

I£01 = 0,75

h o5 ¢y

AUT %%

] 1501~ 4.6

| tg0. =095

€05
5.5 a 0.7 0z na 1

b
Fig. 3. Dependencies AU =f{cosg;) for conductors at v =0.955
(solid line) and v = 0.926 (dotted line), made by trolley lines (@)
and tires (b)

2.3

This circumstance confirms the need to take into
account the effect of higher harmonics when calculating
the voltage losses.

The decrease in the distortion coefficient v from
0.955 to 0.926 leads to a decrease in the voltage losses in
the conductors, which indicates a non-linear dependence
of AU" on the amplitudes of the harmonic components of
the current curve.

Therefore, when designing PSSCs that have
semiconductor converters (rectifiers, FCs, voltage
regulators), it is necessary to determine the harmonic
composition by simulation modeling. Dependencies of
AU have a number of characteristic points.

For conductors of corner steel, the relation (15) takes
the form:

-atv<0.95and cosp; =1

. n=6k+l 1
AU = 1+ > (k) — .

k=1 n

amn
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- at sing; = 1 (cosp; = 0)
(18)

-atk, = I,AU*—>\/§.

The absolute value of the voltage losses is
proportional to the calculated value of I, and the active
resistance R, according to (13). Since the tire resistance
is less than steel corners one, at an equal value of the
calculated current, the absolute value of the voltage drop
in the tires is significantly less.

Note that the use of cable conductors for powering
portal [12] and gantry cranes provides a significant
reduction in voltage losses due to their relatively low
tg(owb

4. Determination of power losses in conductors
taking into account higher harmonics. The power
losses in the AC conductors for the first harmonic is
determined by the relation [9]:

AR =3() )R, =3[\/_ P

3.cosq-U

2
J Ry, (19)
nom

where [, is the calculated value of the main harmonic
current.

The relative value of the additional losses in the AC
conductor in the conditions of generation of higher
harmonics is determined from the relationship:

n=6k=l

AP n=6k+1
* k=1 n * *
AP =L — o N R, ~(1,,)Z,
AP, Pt

where AP, are the power losses at the main harmonic in
the AC conductor.

Taking into account expressions (3) and (7), the
relative value of the additional losses in the conductor:

n=6k+l f*
\VJn

AR = k- :
&

Relative total losses taking into account the first
harmonic:

(20)

21

ASP" = (1+APZ*). (22)

After summing up the series (21) for the conductor
under consideration at v = 0.955, we obtain the value
AP’s = 0.26. The relative total losses ATP" = 1.26
according to (22).

When calculating using the distortion coefficient v,
the relative total losses:

AZP = AP,V = 1/*=1/0.95=1.11.

The resulting value by the ratio (22) 1.26/1.11 = 1.135
times more compared with the well-known conventional
approach.

When the distortion coefficient v = 0.926 according
to the data of Table 1 relative value of additional losses
according to the expression (21) AP's = 0.436. Relative
total losses taking into account the main harmonic
AXP" = 1.436.

When calculating using the
ATP" =1/0.93* = 1.15.

The value of the relative total losses increase by
1.436/1.15 = 1.25 times.

distortion factor:

In conductors made of aluminum tires (for example,
for powering portal cranes), the active resistance value is
not significantly dependent on the presence of higher
harmonics, therefore, with enough accuracy for practice,
power losses can be determined using the standard
technique: ASP'= AP,V = IHVA

This circumstance confirms the need to take into
account the effect of higher harmonics when calculating
power losses in conductors.

5. Influence of power losses in conductors on the
efficiency of power supply systems of cranes. Figure 4
shows the dependence of the relative value of the main
harmonic power losses (APl* =AP,/P;) in conductors 100 m
long at load currents and the parameters of the conductors
given in Table 2 when changing the values of
cosp; =0.5+1.

The dependency analysis (see Fig. 4) shows that at
cosp; = 1 and [/ = 100 m, the relative power losses in the
trolley lines are 5% and 6.1%, respectively for the corners
50x50%5 and 75x75 x10, for aluminum tires 1.4 % and
1.03%, respectively, for sections 40x4 mm and 120%10
mm. At cosg; = 0.5, the relative losses in trolley lines are
20 % and 25 %, respectively for 50x50x5 and 75x75x10,
the losses in tires are 4.1 % and 5.5 %, respectively for
sections 120x10 mm and 40x4 mm.

AP, %
25—

20

15

1o

leos @y

* ]
AP 1 ﬁ’n

- ees g
E.S 0.6 0.7 02 0e 1

b
Fig. 4. Dependencies AP, "=f{cosg;) for conductors made by
trolley lines (@) 50x50%5 mm at P = 59 kW (solid line) and
75%75%x10 mm at P = 125 kW (dotted line); as well as made by
tires (b), 40x4 mm at P =100 kW (solid line) and 120x10 mm at
P =500 kW (dotted line)

Thus, the relative losses in trolley lines increase by
3-3.5 times as compared with tires. At real lengths of
60-70 m and the location of the nodes for feeding trolley
lines, the losses in them are 3-5 %, depending on the
angle of the corner. Taking into account the additional
losses from higher harmonics and real power factors, the
power losses increase to 4.5-7 %.
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At tire lengths up to 300 m, which is typical of gantry
cranes, the losses amount to 4.2 %, taking into account the
additional losses the power losses increase to 5 %.

This circumstance leads to a decrease in the
efficiency of the PSSC with VFD, which must be taken
into account when justifying the payback period of the
electric drive system.

Conclusions.

1. The presence of higher harmonics in the conductors
of power supply systems of cranes at changing values of
cosg; = 0.5+ 0.95 causes:

- an increase in voltage losses of 1.8-2.5 times as
compared with sinusoidal current for tires tggp,, and of
3.2-4 times for steel trolley lines;

- an increase in power losses of 1.26-1.43 times
compared with sinusoidal current at using steel trolley
lines.

2.1t is shown that the decisive parameter affecting the
voltage and power losses is the tangent of the conductor
tgp,1, which can be used as a design parameter of the
conductor. Conductors with minimal tgg,,; have minimal
losses.

3. The presence of power losses in conductors made by
trolley lines, taking into account the additional losses
leads to a decrease in the efficiency of power supply
systems of cranes to 4.5-7 % at using trolley lines and up
to 5 % when using tires, which must be taken into account
during the feasibility study of electric drive systems. The
presence of additional losses from higher harmonics in the
power systems of AC cranes leads to an increase in the
cost of the implementation of conductors.
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