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Abstract

With the development and application of frequency conversion technology,
the types of frequency conversion equipment are becoming more and more
diverse, and the corresponding energy efficiency testing and evaluation meth-
ods are different, which leads to inconsistencies in the selection of equipment
and the operation analysis and evaluation of the frequency conversion system.
It is urgent to find an effective solution. By analyzing the problems of the
current energy-saving test and evaluation methods of the frequency con-
version system, the energy-saving evaluation index system and calculation
method based on the total harmonic components are proposed. Establish a
harmonic evaluation index system covering 9 indicators. On this basis, 6 core
harmonic indicators are selected, and the comprehensive harmonic influence
coefficient and weight matrix are introduced to establish a comprehensive
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evaluation method for energy-saving effects based on harmonic total com-
ponents and weighted matrix model. On this basis, 15 different working
conditions of the energy-saving test and analysis evaluation experiments for
of frequency conversion system have been carried out. The results show that
the total harmonic components analysis method proposed in this paper can
reflect the energy efficiency level of the frequency conversion system and
its equipments more realistically on the premise of meeting the analysis and
actual operation requirements on site. At the same time, the established com-
prehensive evaluation method of energy saving effect can comprehensively
and reasonably analyze the impact of harmonics on the performance of the
frequency conversion system. In addition, it provides theoretical guidance for
reasonably determining the optimal operating conditions of the system and
equipment, and taking corresponding harmonic prevention measures to effec-
tively improve the quality of power transmission and the actual energy-saving
effects of frequency conversion technology.

Keywords: Frequency conversion system, energy-saving indicators, total
harmonic components, energy-saving effect, comprehensive evaluation,
weighted matrix.

1 Introduction

In recent years, frequency conversion technology and related products have
been widely used in key energy-consuming fields such as electric power,
machinery and petrochemicals, etc. However, the harmonics generated by
the inverter during the working process will reduce the power transmission
quality and utilization efficiency of the system. In addition, the operating
parameters such as the power and equipment efficiency of the electrical
equipment will also be affected by the harmonics to a certain extent. At
present, the research on the testing, analysis and evaluation of the frequency
conversion system and harmonics has become a hot issue [1, 2], but the
analysis and research on the energy saving effect of the frequency con-
version system are still relatively few. On the basis of existing research,
we should start from the overall frequency conversion system, comprehen-
sively consider the performance of the frequency conversion equipment and
the influence of harmonics on the system, and establish an analysis and
evaluation method for the energy saving effect of the frequency conversion
system, in order to analyze and evaluate the energy-saving effect of frequency
conversion technology more comprehensively and reasonably, and promote
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the technology to realize real green energy-saving and popularization and
application.

2 Energy Saving Test and Evaluation Status of Frequency
Conversion System

At present, the energy-saving test of the frequency conversion system and
the quality inspection of the frequency conversion speed control equipment
are mainly according to the relevant regulations of GB/T 14549 [3], GB/T
30843.2 [4], GB/T 30844.2 [5], SY/T 6834 [6, 7] and other standards. The
electrical energy testing instruments used mainly include HIOKI 3169/3390,
Fluke Norma 5000, etc.

2.1 Energy-saving Test and Index Analysis of Frequency
Conversion System

The energy-saving indicators of the frequency conversion system are mainly
refers to the efficiency of the frequency conversion equipment, frequency
conversion speed regulation device and the system. The current standards,
such as GB/T 14549 [3], GB/T 30843.2 [4], GB/T 30844.2 [5], SY/T
6834 [6, 7] and other related standards stipulate the testing, analysis and
calculation methods of the power factor, efficiency, harmonics and other
indicators for the input side of the frequency converter and the variable
frequency speed regulation drive system. However, from the perspective of
overall analysis, there is still no unification in terms of indicator definitions,
test and calculation methods, and on-site actual operations, which affects
the reasonable selection of frequency conversion equipment and the accurate
evaluation of equipment performance.

At present, under the condition of variable frequency, the definition and
calculation method of active power and apparent power of the system have
been widely recognized and unified. Active power is the sum of the active
power of the DC component, the fundamental wave component and the
harmonic component. The apparent power is the product of the effective value
of voltage and current. However, the calculation methods for indicators such
as power factor and efficiency are different.

2.1.1 Analysis and calculation of power factor
At present, the quality inspection and testing of the frequency converter are
mainly carried out according to the regulations of GB/T 30843.2 and GB/T
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30844.2. The power factor at the input side (grid side) of the inverter is the
ratio of active power to apparent power, which is the full-wave effective
value [4, 5]. But in the relevant test work of the actual variable frequency
speed regulation drive system on site, the active power and apparent power
set in the test instrument are both fundamental wave power. It means that the
calculation method in the current standard is inconsistent with the method
used by the test instrument.

Petroleum companies mainly follow the regulations of SY/T 6834 to
analyze and calculate the power factor of the frequency converter. On the
basis of the currently generally recognized definitions and calculation meth-
ods of active power and apparent power, SY/T 6834-2011 [6] stipulated the
calculation method of power factor for the first time, which refers to the ratio
of fundamental active power and apparent power on the input side of the
inverter. With the revision of the standard, the current standard SY/T 6834-
2017 [7] further comprehensively considers the influence of each harmonic
component on the inverter and the system, and the calculation method of
the power factor on the input side of the inverter is given basing on the
combination of fundamental wave and full wave, but the output side is not
clear.

2.1.2 Analysis and calculation of efficiency
Take the core equipment (frequency converter) of the frequency conversion
system as an example for illustration. Currently, there are many types and
styles of inverters, the most common inverters are mainly AC-DC-AC types.
According to statistics, the efficiency of the inverter is generally 86.4% to
96% when running under rated conditions, and the efficiency will increase
as the power increases [8]. Similar to the case of power factor, there are also
two main methods for testing and calculating the inverter efficiency. In the
current standard GB/T 30844.2-2014, the inverter efficiency is the ratio of
the output active power to the input active power and the full-wave effective
value is taken [5]. The quality test of the frequency converter complies with
the regulations of GB/T 30844.2, and the effective value of the full wave is
used for efficiency analysis and calculation. However, for the test and analysis
of the variable-frequency drive system, the effective value of the fundamental
wave is used to calculate the efficiency of the variable-frequency equipment.

The definition of inverter efficiency refers to its own conversion effi-
ciency, which also belongs to the category of efficiency analysis of electrical
equipment. From a macro perspective, the inverter efficiency should be the
ratio of the effective output power of the equipment to the total input power.
However, due to the existence of harmonics, the effective output power and
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input power of the system should comprehensively consider the effects of
harmonic components. The above-mentioned two methods separately ana-
lyze the fundamental wave and the full wave respectively, and neither can
comprehensively reflect the conversion efficiency of the inverter under the
influence of harmonics.

In addition, according to incomplete statistics, the calculation methods
of basic performance indicators such as equipment efficiency listed in the
nameplate information for inverter devices of different manufacturers, types,
styles, and models are also different. Therefore, in order to further unify
and clarify the definition and calculation methods of equipment performance
parameters and important indicators, it is necessary to comprehensively con-
sider the actual needs of the equipment manufacturers and users on the basis
of the existing standards.

2.2 Harmonic Test and Analysis Evaluation

At present, harmonic testing and analysis and evaluation work are mainly
carried out in accordance with the provisions of relevant standards. Inter-
nationally, it mainly refers to standards such as IEC 61000, IEEE519, EN
50160, NORSOK-001/2, etc. [9–12], and domestically, it is mainly according
to GB/T 14549 [3], GB/T 17626 [13]. Related energy fields, such as the oil
and gas industry, mainly carry out specific work in accordance with SY/T
6834 [7]. The application shows that, in view of the requirements of on-site
operating conditions and working conditions, the harmonic testing, calcu-
lation and evaluation methods in the current standards are not completely
applicable. The main reason is: Reference [7] SY/T 6834 only focuses on the
harmonics on the input side of inverter. In essence, the harmonics generated
by the frequency converter not only act on the input side (grid side), but also
on the output side, which in turn affects the performance of the connected
motor and the drag load.

The survey shows that the current research on harmonic testing and
evaluation is still mainly focused on the detection and analysis of harmonics,
and domestic and foreign scholars have carried out a lot of research work on
the extraction of harmonic components. For example, Platas, Fang Guo-zhi
and others have proposed more traditional power system harmonic detection
methods such as TFT, FFT, wavelet packet transformation, and EEMD in
[14–19]. Later, Xiao Zhu-li, Zou Pei-yuan and others proposed improved
S-transform, full-phase spectrum refinement correction based on traditional
FFT, as well as from the perspectives of windowing, interpolation, and
neural network algorithms, methods to suppress leakage and improve the
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accuracy of component extraction are proposed, such as iterative window-
ing, a combination of various improved interpolation methods, etc. [20–27].
These improvement methods mainly focus on improving the accuracy of
the harmonic detection results, but for the on-site test and analysis work,
technical feasibility and the promotion of actual engineering applications
should be considered comprehensively, and combined with actual working
conditions, test conditions and accuracy, etc., to determine a reasonable and
feasible method.

3 Energy-saving Evaluation Index Calculation of
Frequency Conversion System Based on Total Harmonic
Components

Under the conditions of ensuring the feasibility of the test method and the
ease of operation of the test instrument, comprehensively considering the
influence of each component of the harmonic on the performance of the
frequency conversion system and equipment, a calculation method of energy
saving index for the frequency conversion system based on the total harmonic
components is proposed on the basis of the uniformly recognized definitions
of active power and apparent power.

This method uses a combination of filtering and FFT to extract each
harmonic component within the 40th order, and considers the influence of
each harmonic component on the input side and output side of the inverter
comprehensively, then uses the total harmonic components method to analyze
and calculate the energy efficiency on the basis of fundamental wave and full
wave effective value.

3.1 Energy-saving Evaluation Index System of Frequency
Conversion System

The energy-saving evaluation index of frequency conversion system includes
6 indicators. The definition and calculation method of each index are shown
in Table 1.

The calculation method of each index in Table 1 is shown as follows:

λin =
Pin1

Sinf
(1)

λout =
Pout1

Soutf
(2)
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Table 1 Energy-saving evaluation index system of frequency conversion system

Category No. Index Symbol Definition Formula

Frequency
conversion
equipment

1 Power factor on
the input side of
the inverter

λin The ratio of the total
fundamental active
power to the full-wave
apparent power on the
input side of the
inverter

(1)

2 Power factor on
the output side
of the inverter

λout The ratio of the total
fundamental active
power to the full-wave
apparent power on the
output side of the
inverter

(2)

3 Inverter
efficiency

η The ratio of the
effective output power
of the fundamental
wave to the total input
power of the full wave

(5)

Drive
equipment

4 Motor efficiency ηmr The ratio of the output
power of the motor to
the input fundamental
active power

(7)

Drag device 5 Frequency
conversion
speed control
device
efficiency

ηd The ratio of the output
power of the motor to
the total input power of
the full wave

(8)

Frequency
conversion
system

6 Frequency
conversion
system
efficiency

ηs The ratio of the output
power of the variable
frequency speed
regulation drive system
to the total input power
of the full wave

(9)

where:

Pin1 – the total fundamental active power on the input side of the
inverter, as shown in Equation (3)
Pout1 – the total fundamental active power on the output side of the
inverter, as shown in Equation (3)
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Sinf – full-wave apparent power on the input side of the inverter, as
shown in Equation (4)
Soutf – full-wave apparent power on the output side of the inverter, as
shown in Equation (4)

Pin1 = Pin01+Pin02+Pin03 and Pout1 = Pout01+Pout02+Pout03

(3)

Sinf =

3∑
i=1

(Uinrms · Iinrms)i and Soutf =

3∑
i=1

(Uoutrms · Ioutrms)i

(4)

where:

Pin01, Pin02, Pin03 – fundamental active power of each phase on the
input side
Pout01, Pout02, Pout03 – fundamental active power of each phase on
the output side, which is the product of the effective value of the
fundamental voltage, the current, and the displacement factor.
Uinrms – the effective value of each phase voltage on the input side of
the inverter
Uoutrms – the effective value of each phase voltage on the output side
of the inverter
Iinrms – the effective value of each phase current on the input side of
the inverter
Ioutrms – the effective value of each phase current on the output side of
the inverter

η =
Pout1

Pinf
× 100% (5)

where:

Pinf – full-wave active power on the input side (grid side) of the inverter,
as shown in Equation (6).

Pinf = Pinf1+Pinf2+Pinf3 or Pinf = Sinf cosϕin (6)

where:

Pinf1, Pinf2, Pinf3 – full-wave active power of each phase on the input
side of the inverter, which is the product of the effective value of the
voltage, current and the displacement factor
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cosϕin – total displacement factor, which is the average value of the
three-phase displacement factors

ηmr =
T · nmr

9550Pcout1
× 100% (7)

ηd =
T · nmr

9550P1f
× 100% (8)

ηs =
Psout

P1f
× 100% (9)

where:

T – the motor output shaft torque, Nm
nmr – the actual speed of the motor, r/min
Pcout1 – the fundamental active power on the output side of the
inverter, kW
Psout – the output power of the variable frequency speed regulation drive
system, kW

3.2 Harmonic Evaluation Index System of Frequency
Conversion System

Based on the analysis of the current situation, this article comprehensively
considers the actual production characteristics of the project and the require-
ments of on-site test conditions, and establishes a multi-index harmonic eval-
uation system for the variable frequency speed control drive system, which
includes a total of 9 indicators on the input/output side of the inverter [28].
Combining the existing harmonic analysis methods, power quality analysis
and testing equipment, signal processing and harmonic component extraction
methods, the calculation methods of 9 indicators are determined and shown
in Table 2.

The meanings of symbols in the formulas in Table 2 are explained as
follows:

UIh – the effective value of each harmonic voltage on the input side
UI1 – the effective value of the fundamental voltage on the input side
h – harmonic order, h = 2,3,4,. . . ,40
IIh – the effective value of each harmonic current on the input side
II1 – RMS value of fundamental current on input side
VIab, VIbc, VIca – RMS value of input side line voltage
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VIavg – average value of three-phase line voltage on input side
UOh – the effective value of each harmonic voltage on the output side
UO1 – RMS value of fundamental voltage on output side
IOh – the effective value of each harmonic current on the output side
IO1 – RMS value of fundamental current on output side
VOab, VObc, VOca – RMS value of output side line voltage
VOavg – average value of three-phase line voltage on the output side
n – frequency, for three-phase AC motors, 3 and multiples of 3 are not
included
U ′n – the ratio of the effective value of the harmonic voltage to the rated
voltage
I ′n – the ratio of the effective value of the harmonic current to the rated
current

Currently, the three indicators of HVF, HCF and current allowable
value have specific limit requirements in IEC 61000, IEEE 519 and EN
50160, NORSOK-001/2 standards [9–12]. The other 6 indicators in the
system should be considered comprehensively to give a reasonable evaluation
method to analyze the impact of harmonics on system performance and
energy-saving effects.

4 Comprehensive Energy-saving Evaluation Method
Based on Weighted Matrix Model

4.1 Harmonic Index Weighted Matrix Model

According to the above analysis, we take multiple variable frequency speed
regulation systems under the same power frequency as an example. Firstly,
select 6 indicators on the input and output side of the inverter from the
index system: total voltage distortion rate, total current distortion rate, and
three-phase voltage unbalance. Secondly, establish a weighted matrix model
through the analysis of the influence weight of each indicator [29]. Finally,
a comprehensive evaluation method of harmonic influence based on the
weighted matrix model is determined.

4.1.1 Harmonic comprehensive influence coefficient
The 6 harmonic indicators are respectively recorded as: f 1, f 2, f 3, f 4, f 5, f 6,
there are Z systems, and the 6 indicators corresponding to each system can
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be recorded as: fss1, fss2, fss3, fss4, fss5, fss6, ss = 1, 2, . . ., Z. KF is the
comprehensive influence coefficient of harmonics, and KF ss is the compre-
hensive influence coefficient of harmonics for each system. The calculation
method is as follows:

KFss =
f1 min

fss1
+
f2 min

fss2
+
f3 min

fss3
+
f4 min

fss4
+
f5 min

fss5
+
f6 min

fss6
f1 min = Min(f11, f21, . . . , fi1, . . . , fz1)
f2 min = Min(f12, f22, . . . , fi2, . . . , fz2)

...
...

f6 min = Min(f16, f26, . . . , fi6, . . . , fz6)

(10)

For a certain system, the larger KF is, the closer the 6 indicators are to the
minimum values of the corresponding indicators in the system, which means
that the harmonic comprehensive effect on the system performance is smaller.

4.1.2 Weighted comprehensive evaluation function
• Weight matrix A

A =

[
P1

PΣ
· · · Pi

PΣ
· · · Pm

PΣ

]
(11)

where:

m – the number of equipment categories included in a system, m ≥ 2.
Pi – the sum of the rated power of i-th equipment in the system, kW
PΣ – the sum of the rated power of all devices in the system, kW

• Calculation matrix of each sub-item B

For various types of equipment in a system, each sub-matrix is calculated
as follows:

B = [b1 · · · bi · · · bm]T

bi =

[
Pi1

Pi
· · · Pij

Pi
· · · Piq

Pi

]
·
[
ηi1
ηi01

· · · ηij
ηi0j

· · · ηiq
ηi0q

]T

(12)

where:

bi – efficiency weighted value of the i-th equipment
Pij – rated power of the j-th unit in the i-type equipment, kW
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q – the number of a certain type of equipment in the system
j – variables corresponding to the number of equipment for a certain
type, j = 1, 2, . . . , q
ηij – the actual operating efficiency of the j-th unit in the i-type
equipment, %
ηi0j – the efficiency qualified value of the j-th unit in the i-type
equipment, %

• Weighted comprehensive evaluation function C

For a variable frequency speed regulation drive system, the weighted
comprehensive evaluation function C of the harmonic influence can be
calculated according to the following Equation (13).

C = KFssAB = KFss

[
P1

PΣ
· · · Pi

PΣ
· · · Pm

PΣ

]
· [b1 · · · bi · · · bm]T (13)

4.2 Comprehensive Evaluation Method of Energy-saving Effect

For multiple variable frequency speed regulation systems with the same fre-
quency, the steps for the weighted comprehensive evaluation of the harmonic
influence of each system are as follows:

• Comprehensive evaluation function calculation: Analyze the Z systems
separately, and calculate the weighted comprehensive evaluation func-
tion of each system’s harmonic influence according to the calculation
method in 4.1.2: C1, C2, . . . , CZ ;

• Sorting: sort all C values of Z systems from high to low;
• Comprehensive evaluation of influence: According to the calculation

method analysis of KFss, matrix AB, and evaluation function C, it can
be seen that the changing trends of the three are the same. The smaller
the influence of harmonics, the higher the equipment efficiency and the
larger the system comprehensive evaluation value C;

• System improvement: For Z systems, find the corresponding Cmax

according to the third step above, then analyze the system’s various
harmonic indicators, system structure, and operating parameter settings,
and take reasonable improvements measures to effectively suppress and
reduce the adverse harmonic effects on system performance.

This method is also suitable for the adjustment and determination of a
reasonable or optimal working condition of a frequency conversion system.
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5 Energy-saving Test and Evaluation Experiment of
Frequency Conversion System Based on Total Harmonic
Components

5.1 Experimental Platform Establishment

The Energy-saving test and evaluation experimental platform for frequency
conversion system includes the following 4 parts:

• Frequency converter: SB70, 37kW;
• Drive motor: three-phase asynchronous motor, Y-2809-8, 37kW, ∆,

740r/min;
• Production machinery: Considering that most of the production machin-

ery driven by the current variable frequency speed regulation system is
generally a constant load (such as pumps and other equipment, the load
is basically constant during normal operation), so the DC motor is used
as a simulated load instead of actual production Machinery, Siemens DC
motor is selected for this test bench;

• Virtual test instrument and analysis system: It is composed of PC-
side LabVIEW software platform, data acquisition card, power-side
electrical signal test instrument (voltage, current transformer, etc.).

The frequency converter used in this experiment is a PWM inverter
commonly used in oil fields, and the simulated load is mainly realized by
the way of two motors driving each other [28, 30]. The Energy-saving test,
analysis and evaluation of frequency conversion system are completed by the
combination of the test instrument Norma5000 and the LabVIEW harmonic
analysis software platform. Figure 1 shows the experimental platform estab-
lished for testing and analyzing the inverter energy efficiency and harmonic
impact on the system.

Figure 1 Energy-saving test and evaluation experiment platform.
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Figure 2 The measuring points arrangement.

5.2 Experimental Conditions and Parameter Settings

The settings of the experimental conditions as follows:

• Power frequency: 30 Hz, 40 Hz, 50 Hz;
• Simulated drag load: 50 N·m, 100 N·m, 200 N·m, 300 N·m, 400 N·m;
• Test parameters: electrical parameters of the input side (grid side) and

output side of the inverter, the arrangement of the measuring points is
shown in Figure 2;

• Analysis and calculation indicators: The power factor of the inverter
input/output side, inverter efficiency listed in Table 1, and the harmonic
indicators listed in Table 2.

5.3 Energy-saving Test and Analysis Experiment Process

Figure 3 shows the energy efficiency test and analysis process of the inverter
for this experimental system.

5.4 Experimental Results and Analysis

According to the experimental conditions and parameter settings, a total of
15 different operating conditions of the frequency conversion system energy
saving test, and the analysis and calculation of the influence of harmonics on
the performance and energy saving effect of the inverter have been carried
out. First of all, the voltage and current waveforms and the full harmonic
components extraction results under each working condition are obtained. On
this basis, the active power, apparent power, power factor, inverter efficiency
and various harmonic indicators are calculated according to the calculation
methods given in the article.
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Figure 3 Flow chart of energy-saving test and evaluation experiment.

5.4.1 Basic waveforms
Figure 4 shows the voltage and current waveforms under the working con-
dition of 30 Hz and 200 Nm, and the corresponding harmonic component
extraction results are shown in Figure 5.
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Figure 4 Waveforms of voltage & current.

Figure 5 Harmonic components extraction of voltage & current.

5.4.2 Electrical parameter test and calculation results
The test and calculation results of the voltage, current, active power, apparent
power on the input and output sides of the inverter under 15 different working
conditions are shown in Tables 3 and 4.

5.4.3 Calculation results and analysis of the inverter energy
efficiency index

In order to analyze and express clearly, the method in GB/T 30844.2 is
recorded as method 1, the method used by the field test instrument is recorded
as method 2, and the total harmonic components method proposed in this
paper is recorded as method 3. The comparison of the calculation results of



256 C. Ying et al.

T
ab

le
3

Te
st

an
d

ca
lc

ul
at

io
n

re
su

lts
of

el
ec

tr
ic

al
pa

ra
m

et
er

s
fo

r
in

ve
rt

er
in

pu
t

In
pu

t–
Fu

ll-
w

av
e

Pa
ra

m
et

er
s

In
pu

t–
Fu

nd
am

en
ta

lP
ar

am
et

er
s

C
on

di
tio

n
Fr

eq
ue

nc
y/

L
oa

d
V

ol
ta

ge
C

ur
re

nt
A

ct
iv

e
Po

w
er

/k
W

A
pp

ar
en

tP
ow

er
/k

W
V

ol
ta

ge
C

ur
re

nt
A

ct
iv

e
Po

w
er

/k
W

A
pp

ar
en

tP
ow

er
/k

W
N

o.
H

z
N
·m

R
M

S/
V

R
M

S/
A

A
ve

ra
ge

V
al

ue
A

ve
ra

ge
V

al
ue

R
M

S/
V

R
M

S/
A

A
ve

ra
ge

V
al

ue
A

ve
ra

ge
V

al
ue

1
30

50
22

6.
72

9.
14

12
40

.6
8

20
71

.6
5

22
6.

60
5.

69
12

74
.7

7
12

90
.3

3

2
30

10
0

22
6.

54
14

.0
7

20
50

.7
4

31
87

.3
3

22
6.

41
9.

28
20

82
.0

2
21

01
.2

0

3
30

20
0

22
5.

89
23

.5
7

36
91

.5
1

53
24

.3
6

22
5.

72
16

.6
9

37
37

.8
7

37
67

.2
1

4
30

30
0

22
5.

76
33

.1
8

53
97

.8
3

74
89

.9
3

22
5.

55
24

.4
8

54
71

.5
6

55
22

.2
7

5
30

40
0

22
5.

37
42

.8
1

71
91

.3
9

96
47

.3
9

22
5.

13
32

.6
9

72
92

.6
5

73
59

.7
5

6
40

50
22

6.
07

11
.2

6
15

95
.1

0
25

45
.6

6
22

5.
96

7.
26

16
24

.3
2

16
40

.1
0

7
40

10
0

22
5.

89
17

.8
3

26
67

.5
6

40
27

.3
4

22
5.

76
12

.1
4

27
17

.4
8

27
41

.5
8

8
40

20
0

22
5.

49
29

.8
9

48
90

.1
7

67
40

.1
6

22
5.

31
22

.2
9

49
81

.9
0

50
23

.0
0

9
40

30
0

22
4.

08
42

.0
3

70
54

.2
0

94
16

.7
5

22
3.

85
32

.3
2

71
75

.7
0

72
35

.4
4

10
40

40
0

22
4.

26
53

.7
9

93
84

.7
0

12
06

2.
83

22
4.

00
42

.8
5

95
15

.1
3

95
98

.2
9

11
50

50
22

5.
25

12
.6

4
17

76
.6

3
28

46
.3

0
22

5.
14

7.
89

17
54

.5
6

17
76

.8
0

12
50

10
0

22
5.

17
21

.1
3

36
01

.2
0

47
57

.8
7

22
4.

96
14

.7
1

32
84

.0
9

33
09

.0
8

13
50

20
0

22
4.

78
36

.3
2

59
80

.8
2

81
64

.3
6

22
4.

55
27

.3
1

60
81

.4
1

61
31

.2
2

14
50

30
0

22
4.

69
50

.6
3

87
70

.2
9

11
37

5.
10

22
4.

41
39

.9
5

88
87

.8
0

89
65

.5
9

15
50

40
0

22
3.

98
65

.1
3

11
58

1.
08

14
58

7.
17

22
3.

68
52

.8
9

11
72

3.
37

11
82

9.
57



Comprehensive Evaluation Method of Energy-saving Effect 257

T
ab

le
4

Te
st

an
d

ca
lc

ul
at

io
n

re
su

lts
of

el
ec

tr
ic

al
pa

ra
m

et
er

s
fo

r
in

ve
rt

er
ou

tp
ut

O
ut

pu
t–

Fu
ll-

w
av

e
Pa

ra
m

et
er

s
O

ut
pu

t–
Fu

nd
am

en
ta

lP
ar

am
et

er
s

C
on

di
tio

n
Fr

eq
ue

nc
y/

L
oa

d
V

ol
ta

ge
C

ur
re

nt
A

ct
iv

e
Po

w
er

/k
W

A
pp

ar
en

tP
ow

er
/k

W
V

ol
ta

ge
C

ur
re

nt
A

ct
iv

e
Po

w
er

/k
W

A
pp

ar
en

tP
ow

er
/k

W
N

o.
H

z
N
·m

R
M

S/
V

R
M

S/
A

A
ve

ra
ge

V
al

ue
A

ve
ra

ge
V

al
ue

R
M

S/
V

R
M

S/
A

A
ve

ra
ge

V
al

ue
A

ve
ra

ge
V

al
ue

1
30

50
21

5.
20

32
.7

1
11

22
.9

9
70

45
.7

7
15

0.
54

32
.3

4
99

6.
54

48
74

.7
9

2
30

10
0

21
4.

44
34

.7
9

19
26

.1
0

74
64

.2
9

15
0.

18
34

.4
3

18
07

.3
8

51
73

.1
7

3
30

20
0

21
3.

81
42

.6
9

35
42

.2
4

91
30

.8
1

15
0.

00
42

.3
6

33
85

.2
1

63
54

.4
2

4
30

30
0

21
3.

17
54

.0
1

52
10

.7
9

11
51

9.
55

14
9.

65
53

.7
5

50
95

.8
8

80
51

.3
1

5
30

40
0

21
2.

40
67

.7
4

69
41

.9
9

14
39

8.
22

14
9.

36
67

.5
4

68
20

.4
9

10
09

9.
84

6
40

50
24

9.
46

32
.8

9
15

95
.1

0
82

10
.9

9
20

1.
03

32
.6

4
14

60
.5

3
65

65
.2

7

7
40

10
0

24
9.

05
35

.1
2

25
37

.0
0

87
51

.7
1

20
0.

72
34

.8
4

23
86

.6
7

69
95

.9
4

8
40

20
0

24
7.

94
43

.3
0

47
18

.3
3

10
74

6.
25

20
0.

39
43

.1
6

46
28

.0
9

86
58

.0
7

9
40

30
0

24
6.

45
54

.1
9

68
47

.7
0

13
37

3.
99

20
0.

12
54

.0
6

67
29

.7
5

10
82

8.
63

10
40

40
0

24
5.

96
67

.6
6

91
25

.4
7

16
65

1.
79

19
9.

86
67

.4
4

90
34

.5
7

13
48

9.
86

11
50

50
28

0.
36

33
.3

8
16

57
.8

2
93

68
.4

1
25

1.
24

33
.1

2
15

21
.7

3
83

29
.4

2

12
50

10
0

27
9.

44
35

.7
9

34
61

.3
8

99
80

.3
8

25
0.

98
35

.5
6

30
07

.8
4

89
10

.8
2

13
50

20
0

27
7.

76
43

.6
1

58
15

.2
6

12
13

4.
29

24
9.

42
43

.4
9

58
02

.2
7

10
86

5.
46

14
50

30
0

27
7.

36
54

.8
0

85
43

.8
4

15
20

4.
95

24
9.

69
54

.6
9

85
12

.0
9

13
66

2.
82

15
50

40
0

27
6.

41
67

.9
5

11
30

3.
97

18
82

4.
79

24
9.

63
67

.7
5

11
20

3.
49

16
95

3.
06



258 C. Ying et al.

the inverter energy efficiency index corresponding to the 3 methods under
15 different working conditions is shown in Table 5, and the comparison
diagrams are shown in Figures 6 and 7.

The comparative analysis of the above results shows that:

• Power factor: It changes in direct proportion to the power frequency
and torque. Due to the different test methods used on the input side and
the output side, the numerical rules are different, and the input side is
generally higher than the output side;

• Input side: Method 1>Method 3>Method 2, the value range of the
method in this article is 0.61∼0.8;

• Output side: Method 1>Method 2>Method 3, the value range of the
method in this article is 0.14∼0.59;

• Inverter efficiency: It changes in direct proportion to the power fre-
quency and torque. The numerical law of the three methods is: Method
1>Method 3>Method 2. The efficiency range of the calculation method
based on the total harmonic components proposed in this paper is 80%
to 97%, which is more in line with the actual situation of the equipment;

• Method recommendation: Based on the above analysis, the total har-
monic components method proposed in this paper can not only analyze
the fundamental wave’s effect reasonably, but also comprehensively
consider the full-wave effect under the influence of harmonics. There-
fore, it is recommended to use the method proposed in this article to
calculate the actual operating efficiency and power factor of variable
frequency equipment or system.

5.4.4 Calculation results and analysis of harmonic index and
comprehensive evaluation function

Under 15 different working conditions, the calculation results of harmonic
index on the input and output sides of the inverter and the comprehensive
evaluation function are shown in Table 6.

According to the data in Table 5, the distribution and sequences of the
comprehensive evaluation function C for the influence of harmonics on
system and equipment performance under 15 different working conditions
are shown in Figure 8.

According to the comprehensive analysis of Table 5 and Figure 8, In other
words, the best working condition is 40Hz, 300Nm among the 15 working
conditions. In other words, for the constant load variable-frequency speed
regulation system given in the experiment, the system will have the best
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6a) Input side                                 6b) Output side  
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Figure 6 Comparison of power factor calculation results.
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comprehensive performance and energy saving effect under this working
condition.

6 Conclusions

In view of the current situation of inconsistent energy-saving test and eval-
uation methods for frequency conversion systems, according to the relevant
current standards, theoretical research and application effects of frequency
conversion technology in petroleum companies, the energy-saving evaluation
index system and calculation method of the frequency conversion system
based on the based on the total harmonic components are proposed in this
paper. A set of harmonic evaluation index system has also been established,
including a total of 9 indicators on the input and output sides of the inverter.
On this basis, the six core harmonic indicators of total voltage distortion rate,
total current distortion rate, and three-phase voltage unbalance degree are
selected, and a comprehensive evaluation method for the energy-saving effect
of the frequency conversion system is proposed based on the total harmonic
components and the weighted matrix model. Subsequently, the energy-saving
test and evaluation experiment platform for the frequency conversion sys-
tem based on the LabVIEW virtual test instrument is established, and the
experiments under 15 different working conditions have been carried out.

The experimental results show that compared with the existing energy
efficiency analysis methods of frequency conversion systems and equipment,
the method researched in this article can not only meet the requirements
of on-site operation and analysis, but also reflect the efficiency level of
frequency conversion system and its equipment more truly. At the same time,
the power factor on the input side and output side of the inverter is clearly
distinguished. In addition, the comprehensive evaluation method of energy-
saving effect proposed in this paper can comprehensively and reasonably
analyze the harmonic effects on the performance of variable frequency sys-
tems and equipment. The method is mainly to analyze, calculate and sort
the comprehensive evaluation function, which can quickly and reasonably
determine the best operating conditions of the system and equipment. The
method studied in this paper is not only simple and easy to implement, but
also conforms to the actual situation. It can be used as a unified regulation
and guidance for the testing and evaluation of frequency conversion systems
and equipment in petroleum companies and related fields.
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