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Influence of high-power nonlinear consumers on eléac
energy losses in mining high-voltage power line
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Abstract The article elucidates the influence of high-powenlinear consumers on electric
energy losses in a mining high-voltage power lifl@e object of the study was a fragment of a
power supply system of a mining enterprise withst®i The investigation has assessed the
electric energy losses conditioned by nonsinusoddatents and voltages of the power line
over a single hoist operation cycle. Also, the lt@fiectric energy losses in a high-voltage
power line of a mining enterprise was calculatetie energy losses due to nonsinusoidal
currents and voltages over single operation cyttbecage hoist amount to 36.358 kwWh. The
presence of such losses increases total technalogiaver and energy losses in the mining
high-voltage power line by approximately 5-15%. To&l energy losses in the components of
the mining enterprise high-voltage power line caulsg nonsinusoidal voltage are significant
and lead to additional expenses of the company.

1. Introduction

At modern mining enterprises, a large number of soamers with nonlinear current-voltage
characteristics are connected to power supply blFsesnstance, they are represented by a condrolle
electric drive of hoists, main fans, main pumpitatiens. Moreover, the consumers with non-linear
current-voltage characteristics can work in différdynamic modes. As an example, skip and cage
hoists operate on intermittent duty of vehiclegrgzcording to set motion tachograms. The movement
tachograms of vehicles is followed by a controlidctric drive, which scheme includes thyristor
converter, separately excited DC motor, which stiirn is a consumer with non-linear current-
voltage characteristics.

Such consumers use nonsinusoidal current, i.e.aheegenerators of higher harmonic components
of currents and voltages in a power line. Highenmic components of voltage and current in power
supply systems of mining enterprises cause a rahgegative phenomena [3]; the majority of them
are additional losses of electrical energy in polimercomponents [3, 4].

One of the main objectives of modern power genamatidustry in general is reduction of power
and energy losses in power line components. Adea tloe major number of losses occurs in power
lines and transformers. In mining power lines, #lectric energy losses also depend on the
composition of electric equipment used and onpsration modes.
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2. Materials and Methods

The object of study was a fragment of a power suppstem of a mining enterprise depicted in Fig. 1.
The electric drives of cage and skip hoist are geddy two sections of 6-kV distributor buses via
matching transformers TDTP-8000 and TSZP-4000. ésrolled rectifiers, twelve-pulse thyristor
converters UKTESh-6300/930-211-500UKhL4 and UKTESIR0/825-211-500UKhL4 were used for
cage and skip hoists, correspondingly. Thus, theeeented power supply scheme contains two high-
power non-linear consumers.

VL 110 kW circuit-2 VL 110 kW circuit-1
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Figure 1. A fragment of the mi"rri.i‘n‘gwénterprise power suplyesne.

Electric energy losses in such power line are ajinéy dependent on the hoist operation regime.
This object is specific due to the presence of dyngrocesses in the hoist operation cycle that tak
about 50-60% of the total cycle time. The cage muem time is 170 s, for skips it is 160 s. For
instance, the movement tachogram of a cage howelss the experimental values of main electrical
parameters of the high-voltage power line are gindrig. 2.
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Figure 2. A diagram of vehicle speed alteration, armaturerezur and input current, total
harmonic components of the voltage over a cagé libisycle.

During the switching of controlled rectifier thytigs, the signal is distorted by a specific set of
higher harmonics determined as follows [2]:
=mlk+1

wheremis the number of rectification phasé&s:1, 2, 3, 4... is the sequence of natural numbers.

3. Evaluation of electric energy losses caused bgmsinusoidal current and voltage

The electric energy losses caused by nonsinuscateslumed current and voltage are evaluated as [4]:
AW, =AW, + AW,

2TLv 2TPv

wheredWsy, is losses of active power in the power line causeligher harmonics currentWsrp,, is
losses of active power in a transformer causeddiyeln harmonics current.
Losses in a power line caused by nonsinusoidaénuare determined as [4]:

40
—_ 2
AV\A'LZV - 32—2 lv erv ’
v=2
whereR is active resistance of the power line at elemegrftaiquency, Ohmy is harmonic numbet;,
is current of-th harmonic, A;r is considered time period, k;, is the coefficient factoring in the
surface effect, usually it is taken Ks =0.474v.

Losses caused by nonsinusoidal voltage in a trsmsioare determined as [4]:
+ 2
Ez‘zl 0 OSW

UV’

40
AW,,,, =AP, 7Y K3 +0. 6072 =<
v=2 sc v=2
whereK,, is the coefficient ofi~th harmonic component of voItagBPo.c,, APs., Usc. are transformer
parameters.

The analysis of cage and skip hoist operation, elt ag the calculation of electric energy losses,
were performed on the basis of experimental stuthesged out in the active power supply system of a
mining enterprise at the voltage side of a 6-kVpdyine through the circuits of measuring current
and voltage transformers during the operation adthedectric drives [1].
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The results of electric energy loss estimation @veingle operation cycle of the hoist caused by
nonsinusoidal current and voltage in the power $irepresented in Table 1.

Table 1.Results of electric energy loss estimation oveoiatioperation cycle

Time interval Losses [kWh] Time interval Losses [RW Time interval Losses [KWh]
VEZ T omm D4R omss  US% o
SR ) S PO 7 T
i S R 5 ST Y SO
vHl was VSR o VSS oo
P 1.9386 e 0.04527 174521 003055

The plot of electric energy losses in the high-agét power line of the mining enterprise caused by
nonsinusoidal current and voltage over an operayofe of the cage hoist is depicted in Fig. 3.
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Figure 3. The electric energy losses conditioned by nonsidascurrents and voltages of the power
line over a single hoist operation cycle.

Obviously (Fig. 3), the electric energy losses @ase at acceleration and deceleration of the cage
hoist. There losses are conditioned by both inimggsower line current and considerable distortion
of current and voltage curves. Total energy loshes to nonsinusoidal currents and voltages over
single operation cycle of the cage hoist amouB6t858 kWh.

The total electric energy losses in the mining gmise high-voltage power line were calculated on
the basis of obtained experimental results with chresideration of the most prominent odd harmonic
components of voltage and current (Table. 2).

Table 2. The measurement results of the most prominent adudnic components of current

Harmonic number [n] 11 13 23 25 35 37
K\ i) [%] (cage hoist) 7.18 283 292 108 135 0.81
K ;) [%0] (skip hoist) 6.17 394 243 177 122 0.89

The power losses in power line were calculated laityi to electric energy losses. The power
losses in the transformer were calculated as [4]:
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P
APs, =30Y 12 Ry Ky,
N=2

where R, is the transformer short-circuit resistance aimeletary frequency;knm is coefficient
factoring in the increase of short-circuit resisgrfor higher harmonics due to surface effect and
proximity effect. For 11-th and 13-th harmonicssttoefficient is 3.2 and 3.7, respectively [4].

The results of calculation of total power and elecenergy losses over a shift (8 hours) are
presented in Table 3. Total additional power lossepower supply system components due to
nonsinusoidality amounted #P sy = 612.83 kW.

Table 3.Calculation results of total power and electricrggdosses

AP [kW]
11 13 23 25 35 37 ) APy,
Cage hoist

1.222 0.754 0.232 0.244 0.061 0.087 2.602 7.805

Losses type

Losses in power

line

Losses in 53.961 35.426 2218 2239 0472  0.656 94972 28491
transformer

Total losses 55.183  36.180 2.450 2.483 0.533 0.74307.574 292.721
Electric energy IosseévvZ [kWh] 2341.77

Skip hoist
1.503 0.666 0.337 0.186 0.105 0.057 2.856 8.567

Losses in power

line
Losses in 66.381 31.208 3.218 1708 0811 0432 103.846 3915
transformer
Total losses 67.884 31.964 3.555 1.894 0.916 0.484906.702 320.106
Electric energy IosseévvZ [kWh] 2560.85
Total electric energy losseBW,, .., [kWh] 4902.62

Total additional electric energy losses in the 6High-voltage power line of the mining enterprise
over a shift in the case of operation of hoistshaut taking into consideration of other consumers

amounted toAW;, .., = 4902.62 kWh. These losses cause additionalrfgeaficonductors, influence

negatively transformers and lower the efficacy @ivpr supply to mining enterprise consumers.

Additional financial expenses of the mining entex@rdue to negative impact of higher harmonic
components of current and voltage in the 6-kV poliner of the mining enterprise, with the electrcit
tariff p = 3.15 RUB/kWh, can amount to 15443.25 RUB pett sliithe mining enterprise works with
double shifts, additional expenses for electriogynéosses caused by higher harmonic components in
high-voltage power line can amount to 7 628 963BRfor 247 working days).

4. Conclusions

The electric energy losses due to nonsinusoidakntg and voltages over single operation cycle of
the cage hoist amount to 36.358 kWh, notably therggn losses increase at acceleration and
deceleration of the cage hoist.

The presence of electric energy losses due to massidal current and voltage over a single
operation cycle of each hoist increase total teldgical power and energy losses in the high-voltage
mining power line by approximately 5-15%.

The electric energy losses in the elements of timnm enterprise high-voltage power line due to
nonsinusoidal voltage over a single shift amoun#902.62, while the additional expenses of the
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mining enterprise due to improper electromagnatimgatibility indicators can amount to more than
15 thousand RUB per shift or more than 7 628 968JB per year.
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