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ABSTRACT

The on-site inspection of high-power DC chargers results in new DC high-current measurement and DC energy
traceability system requirements. This paper studies the traceability technology of electric energy value for
automotive high-power DC chargers, including: (1) the traceability method of the built-in DC energy meter and
shunt of the charger; (2) precision DC high current and small precision DC voltage output and measurement
technology. This paper designs a 0.1 mA∼600 A DC high current measurement system and proposes a 0.005 level
DC power measurement traceability system. The uncertainty evaluation experiment of the DC power measurement
calibration system and the high-power DC charger’s on-site calibration experiment results verify the method’s
effectiveness and feasibility in this paper. The experimental results show that the combined standard uncertainty
of the DC power metering verification system can be 0.0451%.
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1 Introduction

The AC power transmission, transformation, and electricity consumption have dominated the
power structure in the world. Therefore, in electric energy measurement, AC power is the mainstay.
However, with the rapid development of distributed power sources and electric vehicles, the DC power
supply equipment has been widely used in recent years. In such cases, the accuracy of DC power
measurement must be guaranteed to ensure the fairness and impartiality of trade settlement in DC
power measurement [1–3]. Hence, studying and establishing a DC energy value traceability system is
significant.

The DC power supply device is a considerable part of the electric vehicle charging facilities, called
a DC charger (referred to as a charger). The core of DC charger energy measurement is its built-in DC
energy meter [4–6]. Therein, the current commonly used in DC charger is up to 300 A, and the DC
current in rail transit often exceeds 1000 A. In terms of DC verification traceability equipment, Fluke
6100 A can only trace DC current or voltage; Fluke 5520 A can achieve power calibration, and the
measurement accuracy of DC voltage can reach 50 ppm; LMG 95 can measure DC voltage of 600 V,
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and its DC current measurement range is 150 mA–20 A, and its DC power measurement accuracy
is 0.03%. However, none of the above devices have the function of accumulating electricity, and then
they cannot directly verify the DC energy meter.

With the wide application of high-power DC chargers, the development trend of DC energy
metering and verification equipment is high current and high precision [7–9]. All countries have
gradually established and improved regulations and standards involving DC energy measurement,
where more than ten international standards for DC chargers have been released for this issue
[10–12]. For example, IEC 62052-11: 2020 “Electricity Metering Equipment-General Requirements,
Tests and Test Conditions-Part 11: Metering Equipment” and IEC 62053-41: 2021 “Electricity
Metering Equipment-Particular requirements–Part 41: Static Meters for DC Energy (Classes 0.5
and 1)”, have been prepared by IEC Technical Committee 13: Electrical energy measurement and
control. IEC 62052-11 specifies the general requirements for DC energy meters and AC energy
meters, including such requirements and associated test methods as nominal value, structure, marking,
electrical, climate, EMC, etc. [13].

On-site verification of chargers is one of the critical tasks to ensure fair trade. On-site verification
of DC chargers needs to solve the problem of DC high current measurement [14–17]. At present,
the resistance method, Hall method, and DC comparator are mainly utilized, and their accuracy
can reach: 0.2%/year, 0.5%/year, and 5 ppm/year, respectively. The DC comparator is a traditional
DC measurement and comparison method with a narrow dynamic range and cannot track the rapid
changes in current during the charging process. In addition, as the equipment of chargers, the current
often contains a certain AC component. When the charger is verified on-site, it is necessary to achieve
broadband current measurement and comparison [18–20]. Paper [21] studied the integrated dual-mode
DC power metering device for DC distribution networks. However, the effective voltage measurement
range is 375 V, which is not suitable used in the scenarios of the DC voltage higher than 375 V. In
[22], the DC electric energy measurement method for the domestic electric vehicle charging facilities is
explored, in which the allowed measuring range of the current is lower than 250 A. Whereas, at present,
the charging current is always higher than 600 A. In [23], the anti-DC bias energy meter based on the
magnetic-valve-type current transformer is proposed. In the proposed approach, the magnetic-valve-
type current transformer is used as the current sensor in the meter instead of the conventional current
transformer. Although the proposed method can validly resolve the issue of the DC bias, how to
integrate it to form a DC electric energy metering system for the on-site inspection of the DC charger is
fuzzy. With the technological advancement of related equipment, e.g., batteries and conductive cables,
and users’ requirements for shortening the charging time, the DC current level will be larger, and the
accuracy of DC energy measurement will be higher [23]. With the technological advancement of related
equipment, e.g., batteries and conductive cables, and users’ requirements for shortening the charging
time, the provision of DC current level will be larger, and the accuracy of DC energy measurement will
be higher [24].

To the best of the authors’ knowledge, the method for on-site inspection of high-power DC
chargers is still insufficient. Aiming at the on-site inspection requirements of high-power DC chargers,
this paper investigates the traceability method of DC chargers, the traceability methods of the built-
in measuring instruments (DC energy meters and shunts) of chargers, and high-precision large DC
current and DC. The output and measurement technology of precise micro voltage realizes high-
precision measurement of DC current with a range of 0.001–600 A and DC measurement traceability
with an accuracy of 0.005. It attains the uncertainty evaluation of the traceability system and conducts
verification experiments on DC chargers. The contributions of this article are summarized as follows:
(1) the traceability method of the built-in DC energy meter and shunt of the charger is proposed.
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(2) The technology of the precision DC high current and small precision DC voltage output and
measurement is given. (3) Design a high-precision DC current measurement system with a range of
0.001–600 A, and propose a DC energy measurement traceability system with an accuracy of 0.005.

2 On-Site Inspection of DC Charger
2.1 Overall Plan for On-Site Inspection of DC Chargers

The on-site verification of the DC charger can be roughly classified into two kinds of methods:
actual load verification and virtual load verification. The actual load verification is implemented
when charging the electric vehicle. This method can only verify the charger under the existing
working conditions and cannot verify the entire metering performance of the charger. The virtual load
verification provides different load points for the on-site verification through the virtual power load
to confirm the full range of the charger. Regardless of whether it is a virtual load or an actual load,
a standard electric energy meter, i.e., a charging machine field calibrator, is required to compare with
the measurement data of the impact machine.

According to the calibration requirement, the rated voltage of the charger is 100∼750 V, the
reference current is 10∼500 A, and the accuracy is Class 1 or 2. The first step in verifying the DC
charger is for the standard device to confirm the status and parameters of the charger. In other words,
the standard device should exchange information with the charger to determine whether the charger
and its parameters can be verified. This process is called interaction.

The second step is the formal calibration. The DC charger is connected to the charger calibrator
(built-in special charging socket) through a particular electrical connection line. The other end of the
charger calibrator is linked to the power load. When the charger provides DC power, the charger
calibrator should accurately measure its electric energy value. In Fig. 1, the working principle of the
calibration is depicted. The detailed process is as follows: (1) connect the charging gun of the DC
charger to the input end of the charger calibrator; (2) connect the output end of the calibrator to
the load; (3) adjust the parameters of the load; (4) compare the electric energy values measured by the
calibrator and the tested charger at different load points simultaneously; (5) calculate the error of the
tested charger.

2.2 High-Precision Large DC Current Output Technology
The verification device should output the high voltage and large current for the verification of

the direct-input energy meters and shunts. Given the measurement range of the DC energy meter,
the maximum voltage and current are 1000 V and 600 A. Although the 1000 V DC voltage output
technology has been explored diffusely, the high-precision and stable DC current output source of up
to 600 A are problematic in the current DC energy meter verification technology.

In contrast, two leading methodologies exist for outputting high-precision large DC current. (1)
The adjustable voltage source is used to output the high voltage, which is converted into current by the
shunt. The output of the adjustable voltage source is controlled by the negative feedback circuit for the
voltage at both ends of the shunt to attain the stability and accuracy of the large current output [25].
(2) Use the switching power supply to generate a large current. This scheme is basically the same as the
previous scheme. The output of the power supply is adjusted through negative feedback as well. The
difference is that the feedback adjustment is performed by monitoring the magnitude of the current
through the Hall sensor in the negative feedback loop. By monitoring the output of the Hall device and
the size of the compensation current, the primary current value can then be obtained. Through this
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method, the large current generated by the switching power supply can be monitored. Furthermore,
the negative feedback and numerical output are obtained.

2.3 Precision Small Signal Voltage Output Technology
When outputting a small DC voltage, it is easily affected by noise and temperature changes,

thus affecting the output stability and measurement accuracy. Therefore, it is necessary to keep the
temperature of the measurement loop uniform to reduce the error caused by temperature when
designing the hardware. Furthermore, the four-wire terminal button method and the anti-interference
line can be employed to measure small signals to reduce the influence of noise and keep the output
stable and accurate. In Fig. 1, the typical precision small-signal voltage source schematic block diagram
is presented.
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Figure 1: Schematic diagram of precision small-signal voltage source output

The precision small-signal voltage output first provides a voltage reference signal through the
central control unit. This signal and the feedback signal reach a stable voltage value through the
integrator and output a DC small voltage with high stability and low noise through the power amplifier.
What’s more, the output voltage collects its voltage signal through the 1000:1 precision V/V conversion
standard and converts it into a standard small voltage signal. The instrument amplifier amplifies the
signal and then uses it as a feedback signal, thus forming a closed-loop negative feedback system.

The design uses constant temperature and ultra-low noise voltage reference, precision V/V
conversion standard, and high-resolution ADC and DAC to achieve a small voltage signal accuracy
of 0.01% to 0.05%. This meets the requirements of indirect-connected electric energy meters and
traceability requirements.

2.4 The Main Challenges of On-Site Verification of Chargers
Compared with the laboratory, the on-site calibration of the charger is relatively harsh, majorly

reflected in: (1) the temperature and humidity range is large −40°C∼55°C, 20%∼90% RH; (2) the
dynamic range of the power supply of the charger is wider, and the surge current is larger, especially
the fast DC may generate a large current of several hundred Amperes; (3) on-site calibration work
requires that the test equipment is portable and has certain seismic performance.
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The above problems require that the equipment used for the on-site verification of the charger
should have good environmental adaptability. The solutions are as follows: (1) The current measure-
ment circuit of the primary standard used for on-site verification of the charger cancels the mechanical
or electrical contacts, To ensure that there is no instantaneous short circuit (such as protection, one-
time shift, etc.) in the current loop, the instrument should have a solid ability to resist sizeable current
impact. (2) All instruments and equipment components adopt wide temperature devices and cooperate
with excellent circuit design and manufacturing process to minimize the impact of large-scale changes
in temperature and humidity on measurement. (3) The major standard devices are installed in the
seismic portable instrument box. The box body is equipped with rollers, which are easy to drag; the
interior is filled with a large amount of buffer material.

3 Design of DC Energy Value Traceability System

According to the on-site inspection requirements of DC chargers, this paper constructs a DC
energy value traceability system. It is necessary to measure the magnitude of voltage, current, and
time to measure DC energy. Therefore, to realize the traceability of DC energy measurement, it is
required to trace values of voltage, current, and time, respectively.

In the DC energy value traceability system designed in this paper, the accuracy of DC energy is up
to 0.005%. The accuracy of time measurement can be up to 10−6, and the impact on electrical energy
is negligible. Therefore, the DC voltage and current measurement error should be less than 0.0025%.
The traceability system diagram of the DC energy value designed in this paper is shown in Fig. 2.
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Figure 2: DC energy value traceability system diagram

The principle of DC voltage’s traceability: a voltage comparison test is performed by outputting
a stable voltage signal from a high-stable DC source and connecting the voltage measurement circuit
of the eight-and-a-half-digit meter in parallel with the voltage measurement circuit of the detected
DC standard energy meter. To ensure the measurement accuracy of the eight-digit half-digit meter,
a 0.001-level precision AC and DC voltage divider is used to perform V/V conversion. The DC large
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voltage of 10 mV∼1150 V is converted into a DC voltage of 1 V and then through the 3458 A digital
multi-purpose. The overall measurement accuracy equals to the proportional accuracy of the voltage
divider (10 ppm) + the 1 V range measurement accuracy of the 3458 A (about 4.5 ppm), which is better
than 0.0025% (25 ppm).

The principle of DC current traceability: connect the current measurement circuit of the eight-and-
a-half-digit meter in parallel with the current measurement circuit of the tested DC standard electric
energy meter to conduct a current comparison test. Therefore, it requires measuring the DC voltage
indirectly. Furthermore, it demands measuring the DC current of 0.1 mA∼600 A with accuracy within
0.0025%. The maximum DC current measurement capability of mainstream commercial 81/2-digit
digital multi-meters is 20 A. Hence the indirect transfer measurement method must be the same as
the voltage. Here the current range is divided into two cases: 0.1 mA∼100 A and 100 A∼600 A:

(a) 0.1 mA∼100 A DC current

It is planned to utilize a precision AC-DC coaxial shunt for I/V conversion. Convert the large DC
current into a DC voltage of 1 V, and then measure it with a 3458 A digital multi-meter. The overall
measurement accuracy = the proportional accuracy of the coaxial shunt (20 ppm) + 3458 A 1 V range
measurement accuracy (about 4.5 ppm), better than 0.0025% (25 ppm).

(b) 100 A∼600 A DC current

It is planned to use the DC proportional standard for I/I conversion. Convert the large DC
current into a DC current of 1 A first. Secondly, convert it into a DC voltage of 1 V through a
standard resistance of 1 Ω. Lastly, employ a 3458 A digital multi-meter to measure the voltage across
the standard resistance. Overall measurement accuracy = DC proportional standard proportional
accuracy (1 ppm∼2 ppm) + 1 Ω precision resistance accuracy (<10 ppm) + 3458 A 1 V range
measurement accuracy (about 4.5 ppm), better than 0.0025% (25 ppm).

DC energy meters can be divided into direct and indirect access. Direct access means that high
voltage U and high current I are directly fed into the electric energy meter. The indirect access type
generally converts a large DC current (0∼300 A) into a small DC voltage (0∼75 mV) through a shunt
and then sends it to the electric energy meter. When the indirect access type is adopted, the shunt’s
performance also needs to be verified besides the verification of the DC energy meter. Therefore, the
DC electric energy meter verification needs to consider the direct-connected electric energy meter, the
indirect-connected electric energy meter, and its external DC shunt. These three types of appliances
can be verified through the DC energy meter (shunt) verification device.

4 Traceability of DC Voltage and Current
4.1 DC Voltage Traceability Method

In the scheme designed in this paper, the large DC voltage is converted into a small voltage of 1 V
through precise V/V conversion and then sampled by a high-precision digital multi-meter to output
the sampling signal of the voltage U1.

It is necessary to measure the large DC voltage of 10 mV∼1150 V with accuracy within 0.0025%,
and the results of the DC voltmeter cannot be directly obtained. On the one hand, the maximum DC
voltage measurement capability of the mainstream commercial 81/2-digit digital multi-meters is only
1050 V. On the other hand, the digital multi-meter’s input impedance decreases as the voltage range
increases, such as the 1000 V range input impedance of 3458 A. It is 10 MΩ, and the calorific value is
proportional to U2/R. Using its large voltage range for a long time will cause the instrument to heat
up and affect the measurement accuracy.
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Therefore, it is necessary to use an indirect measurement method for the DC voltage. Firstly, a
0.001-level precision AC-DC voltage divider is used for the V/V conversion, which converts the DC
large voltage of 10 mV∼1150 V into a DC voltage of 1 V. Then the DC voltage of 1 V is measured by
the digital multi-meter 3458 A. The overall measurement accuracy equals to the proportional accuracy
of the voltage divider (10 ppm) + the 1 V measurement accuracy of the 3458 A (about 4.5 ppm), which
is better than 0.0025% (25 ppm).

4.2 DC Current Traceability
According to the requirements of the traceability system, it requires measuring DC large currents

ranging from 0.0001 to 600 A with accuracy within 0.0025%. The maximum DC current measurement
capacity of mainstream commercial 81/2-digit digital multi-meters is 20 A, which must be the same as
the voltage. Use indirect transfer measurement. This paper divides the current range into 0.1 mA∼100
A and 100∼600 A to design, respectively.

(1) 0.1 mA∼100 A DC current

In this paper, a precision AC-DC coaxial shunt is used for I/V conversion, and the DC large
current is converted into a DC voltage of 1 V, and then measured by a 3458 A digital multi-meter. The
overall measurement accuracy = the proportional accuracy of the coaxial shunt (20 ppm) +3458 A’s
1 V measurement accuracy (about 4.5 ppm) is better than 0.0025% (25 ppm).

(2) 100∼600 A DC current

In this paper, the DC proportional standard is used for I/I conversion, and the large DC current
is converted into a DC current of 1 A, and then converted into a DC voltage of 1 V through a
1 Ω precision resistor, and then measured by a 3458 A digital multi-meter. The overall measurement
accuracy = DC proportional standard ratio accuracy (1∼2 ppm) + 1 Ω precision resistance accuracy
(<10 ppm) + 3458 A 1 V range measurement accuracy (about 4.5 ppm), better than 0.0025% (25 ppm).

4.3 Traceability of DC Power
The principle diagram of the traceability of the DC energy value is shown in Fig. 3.
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Figure 3: Schematic diagram of traceability of DC energy value
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To ensure that the technical requirements of DC energy meters meet the requirements of DC
energy meters. The DC precision micro voltage output of the meter verification device must meet:
when the verification device adjusts the output mV level voltage signal, the minimum value is ±20
μV, the basic error limit is ±1 μV, and the voltage output stability is 300 nV/min. However, when
the verification device verifies the DC energy meter, the influence of the thermal electromotive force
and contact electromotive force of materials, e.g., wires and terminals, will bring great errors to the
verification process. Therefore, to remove the influence of interfering signals on the verification device,
e.g., thermocouples and contact electromotive force, we adopt the four-wire measurement mode to
measure the DC precise micro voltage, and design a precise DC small signal voltage standard source
in combination with the small signal testing process. Moreover, we increase the input resistance of the
DC energy meter and shunt to reduce the influence of wires on the measurement accuracy.

4.4 Uncertainty Experiment
In the on-site verification of electric vehicle chargers, the measurement error obtained by the

electric vehicle charger on-site tester to verify the tested charger is η1 (%), and the measurement error
introduced by the electric vehicle charger on-site tester is η2 (%). The measurement error introduced
by the rounding off of the error data of the electric vehicle charger under inspection is η3 (%). The
measurement error of the electric energy of the electric vehicle charger under inspection is η (%):

η = η1 + η2 + η3 (1)

Then the combined uncertainty is

u2
c (η) = c2

1u
2 (η1) + c2

2u
2 (η2) + c2

1u
2 (η3) (2)

Among them, c1, c2, c3 are the sensitivity coefficients of error propagation obtained by formula (1)

c1 = c2 = c3 = ∂η

∂η1

+ ∂η

∂η2

+ ∂η

∂η3

= 1 (3)

where, u(η1) represents the standard uncertainty introduced by the measurement repeatability of the
electric vehicle charger under test and adopts the Uncertainty A. u(η2) is the standard uncertainty
introduced by the measurement error η2 of the electric vehicle charger field tester. u (η3) is the standard
uncertainty introduced by rounding off the error of the tested electric vehicle charger by η3, which is
evaluated by the Uncertainty B.

5 Analysis of Experimental Results
5.1 Uncertainty Evaluation Experiment

(a) Standard uncertainty u(η1) introduced by the measurement repeatability of the tested electric
vehicle charger

For a level 1 electric vehicle charger, the data obtained by repeating the measurement 10 times
at a reference voltage of 200 V and a reference current of 100 A are shown in Fig. 4. Note that the
relative error is defined as the ratio of the absolute error of the measured value to the actual measured
value. The relative error is dimensionless. The unit of the absolute error and the actual measured value
is kWh.
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Figure 4: Measurement repeatability results

The average of 10 measurements in Fig. 4 is about 0.3%. The experimental standard deviation for
a single measurement is S = 0.0489%. The standard uncertainty result can be taken as the average of
the two measurement errors:

u (η1) = S√
2

= 0.0346% (4)

(b) The standard uncertainty u(η2) introduced by the measurement error η2 of the DC electric
energy metering and verification system of the electric vehicle charger

Assuming that 0.005 is used for the electric vehicle charger’s DC energy metering and verification
system. Wherein the maximum allowable error is e1 = ±0.005%, which is uniformly distributed, k =√

3, then

u (η2) = e1

k
= 0.005%√

3
= 0.00289 (5)

(c) Standard uncertainty u(η3) introduced by rounding off η3 of the tested electric vehicle charger
error

According to the data rounding rules, the rounding interval of the measurement results of the Class
1 charger is 0.1%. The measurement uncertainty introduced by rounding is 0.1%. The half-width of
the interval is 0.05%. The standard uncertainty introduced by machine error rounding η3 is

u (η3) = 0.05%√
3

= 0.0289% (6)

According to (2), the standard uncertainty of the system synthesis is

u2
c (η) = (0.0346%)

2 + (0.00289%)
2 + (0.0289%)

2 = 0.00203% (7)

Consequently, it yields uc(η) = 0.0451%.

From the above results, it obtains that the proposed method has robustness against the uncertainty.
And the combined standard uncertainty of the DC power metering verification system can be 0.0451%.
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5.2 On-Site Verification Experiment of Charger
The designed DC power metering and verification system are used to verify the DC fast charger

for electric vehicles produced by XXX Company (Changsha, China). The main parameters of the
tested electric vehicle DC fast charger are depicted in Table 1.

Table 1: Main parameters of the inspected electric vehicle DC fast charger

Accuracy Class 1 Supply frequency 50 ± 1 Hz

Voltage 200–750 V Current 0∼250 A
Type of input Direct connect Pulse 100 imp/kWh
Temperature 36.2°C Relative humidity 70.0%

In the traceability process, for the energy pulse output of the DC standard energy meter, the energy
pulse output frequency can be calculated according to the following formula:

f0 = kPX

URGIRG

(8)

where, f 0 is the calculated energy pulse of the standard device. PX is the current measured power of
the DC standard energy meter. URG is the current/voltage range of the DC standard energy meter. IRG

is the current range of the DC standard energy meter, and k is the electric energy of the DC standard
energy meter Pulse output constant.

The energy pulse can be calibrated by measuring the output frequency of the standard energy
meter energy pulse by the frequency meter. First, obtain the measured power PX of the standard electric
energy meter. Secondly, employ the frequency meter to measure the pulse frequency issued by the
standard electric energy meter. Lastly, the measured frequency is f 1, and the relative error of the electric
energy pulse of the tested standard electric energy meter is

γf =
(

kPX

URGIRG

− f1

) /
f1 (9)

The pulse method’s results to test the working error are shown in Fig. 5. The operational error
test under 200 V, 100 A is 8 times, and the working error under 200 V, 200 A, and 10 A is tested 3
times each.

Figure 5: Relative error of charger pulse method test
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The experimental results verify that the designed DC electric energy metering device has high
accuracy with 0.005. Therefore, the built DC electric energy metering equipment is an effective tool to
attain the DC high current measurement and DC energy traceability.

5.3 Comparison with the State-of-the-Art Method
Some methodologies of the DC electric energy metering have been proposed previous, while

compared with the methods presented in [21–24], the advantages of the DC energy metering method
proposed in this paper are as follows:

1) The wider operation condition of voltage for the charger is considered. The maximum DC
voltage measurement capability of the mainstream commercial 81/2-digit digital multi-meters is
only 1050 V, and the results of the DC voltmeter cannot be directly obtained. In contrast, the
designed equipment in this paper can measure the large DC voltage of 10 mV∼1150 V with
accuracy within 0.0025%.

2) The wider operation condition of the current for the charger is considered. The maximum DC
current measurement capacity of mainstream commercial 81/2-digit digital multi-meters is 20 A,
which must be the same as the voltage. However, this paper’s designed equipment can measure
the large DC currents ranging from 0.0001 to 600 A with an accuracy of 0.0025%.

3) The uncertain impact of the on-site chargers is considered. Compared with the laboratory,
the impact of on-site of the charger contains (1) the temperature and humidity range is large
−40°C∼55°C, 20%∼90% RH; (2) the dynamic range of the power supply of the charger is
wider, and the surge current is larger, especially the fast DC may generate a large current
of several hundred Amperes; (3) On-site calibration work requires that the test equipment is
portable and has certain seismic performance. Considering the on-site chargers’ impact, the
designed equipment in this paper inherits good environmental adaptability. However, the state-
of-the-art methods often ignore the aforementioned uncertainty influence [21–24].

The experimental results have verified that the designed equipment in this paper has a high-
precision DC current measurement system with a range of 0.001–600 A, the DC energy measurement
traceability system can be with an accuracy of 0.005, and the combined standard uncertainty of the DC
power metering verification system is 0.0451%. Hence the proposed method of the DC high current
measurement and DC energy traceability is effective and can resolve the emerging issues of the on-site
verification of DC chargers.

6 Conclusion

Aiming at the problems of DC high current measurement and DC energy traceability that urgently
need to be solved in the on-site verification of DC chargers, this paper studies the energy value
traceability method for high-power DC chargers for automobiles and analyses the built-in DC energy
meter and shunt value of the charger. Traceability method, research the output and measurement
technology of high-precision large DC current and DC precise micro-voltage, design a high-precision
DC current measurement system with a range of 0.001–600 A, and propose a DC energy measurement
traceability system with an accuracy of 0.005. The combined standard uncertainty of the DC power
metering verification system is 0.0451%. The experimental results of verifying the first-level DC
charger show that the system can meet the field verification requirements of high-power DC chargers.
The harmonic impact on this research is considered. In the future, the influence of the harmonic on
the accuracy of measurement will further be explored. Furthermore, as to the increase of the electric
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vehicle penetration, the interaction influence of different electric vehicles on the DC electric energy
metering will also be explored.
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