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Abstract: The neutral point clamped (NPC) three-level grid-tied converter is the key
equipment connecting renewable energy and power grids. The current sensor fault caused
by harsh environment may lead to the split of renewable energy. The existing sensor
fault-tolerant methods will reduce the modulation ratio index of the converter system. To
ensure continuous operation of the converter system and improve the modulation index,
a model predictive control method based on reconstructed current is proposed in this
paper. According to the relationship between fault phase current and a voltage vector, the
original voltage vector is combined and classified. To maintain the stable operation of the
converter and improve the utilization rate of DC voltage, two kinds of fault phase current are
reconstructed with DC current, normal phase current and predicted current, respectively.
Based on reconstructed three-phase current, a current predictive control model is designed,
and a model predictive control method is proposed. The proposed method selects the optimal
voltage vector with the cost function and reduces time delay with the current reconstruction
sector. The simulation and experimental results show that the proposed strategy can keep the
NPC converter running stably with one AC sensor, and the modulation index is increased
from 57.7% to 100%.
Key words: current reconstruction, current sensor fault, fault-tolerant, model predictive
control, neutral point clamped three-level converter

1. Introduction
As the key connection equipment of a large capacity and high-power converter system, the
reliability of the neutral point clamped (NPC) three-level grid-connected converter has always
been concerned [1, 2]. However, current sensors may fail in harsh working conditions. There
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are many factors that can cause sensor failures, such as board diagnostics socket terminal poor
contact, a short circuit of nitrogen-oxygen sensor wiring harness, instrument underlying software
error, crystallization at the inlet of postprocessors.
Converters are usually connected to an outdoor DC source, working under high pressure,
high temperature, and humid conditions. In such a harsh environment, the current sensor may
fall off or completely fail because its own magnetic components are made of fragile ferrite [3–5].
Therefore, it is urgent and important to study the fault-tolerant operation of converter systems.
Model predictive control (MPC) is widely used in nonlinear control because of its simple
control and high reliability [6–9]. MPC needs first to establish a model of the control object,
and then predict the next operation state based on the output and controllable input variables of
the model, and select the optimal operation state through the cost function. However, when the
current sensor fails, the MPC control strategy will fail due to the lack of feedback information,
and the grid-tied converter will be paralyzed.
Thus, fault-tolerant sensors have been studied [10–17]. A sliding mode observer with adaptive
regulation law was proposed to solve the problem that some sensor fault reconstruction methods
need the upper bound of faults [10]. A vector space decomposition-based current estimation
method was proposed to achieve fault-tolerant control over the current-sensor fault, and the
voltage compensation based on that fault-tolerant control was presented for both open-phase and
open-switch faults in [11]. A fault-estimation-based tolerant control strategy for a single-phase
two-level pulse-width modulation rectifier subjected to a catenary current sensor fault and dc-link
voltage sensor fault was proposed in [12]. An improved model of predictive power control based on
reconstructed currents was proposed for the fault-tolerant operation of a grid-tied converter [13].
A proportional integral observer with unknown inputs was conceived in order to estimate states
and sensor faults simultaneously. The stability of the system with the proposed fault-tolerant
control strategy was formulated using the Lyapunov theory and the observer gains are obtained by
solving linear matrices inequalities [14]. The differential algebraic-based fault diagnose method
and adaptive fault-tolerant control strategy were presented [15]. Fault detection, localization,
and tolerant control schemes of current sensors were presented for high-fault-tolerance induction
motor drives [16].
In addition, an adaptive MPC method combining sensor fault tolerance with virtual synchronous machines was proposed [18]. For discrete-time systems, a fault-tolerant method was
proposed, in which the normal state was recorded in real time and acted on the fault state [19].
A hybrid model for discrete-time systems with normal and fault states was established [20]. By
combining the sliding mode observer with MPC, a sensor fault tolerance method for wind turbines
was proposed [21]. A fault observer was developed to predict the fault information, and the minimax MPC was used for fault tolerance [22]. Moreover, the Lyapunov stability theory and linear
matrix inequality are used to form a closed-loop system to realize fault-tolerant control [23].
The above fault-tolerant methods of the current sensor need to design complex observers or
fault-tolerant models, because the available information after faults is insufficiently utilized. At
present, the research on the current sensor fault of the NPC three-level grid-connected converter
has not been deepened. For the NPC three-level grid-tied converter with current sensor faults,
a model predictive fault-tolerant control method based on current reconstruction is proposed in
this paper. When the current sensor fails, the relationship between the voltage vector and current
is analyzed. The voltage vector is divided into the voltage vector that can directly reconstruct fault
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phase current, the voltage vector that can reconstruct fault phase current by predicting current
and other voltage vectors. The voltage vector combination is formed by the voltage vector, which
can reconstruct fault phase current. Under the voltage vector combination, fault phase current
is calculated by predicted current or DC current and normal phase current. Then, the current
reconstruction sector is used to reduce the converter system delay. Simulations and experiments
verify the effectiveness of the control strategy. The proposed MPC method based on current
reconfiguration is applied to the fault-tolerant control of the NPC three-level grid-tied converter,
and the reliability of the power grid is improved.

2. Current reconstruction and predictive control model
2.1. Current reconstruction model
To avoid the impact of AC current sensor faults on the power grid, a current sensor is added
to the DC side for fault-tolerant control. The normal phase AC current sensor collects the normal
phase current and feeds the collected signal back to the control module.
As shown in Fig. 1, the topology of the NPC three-level grid-tied converter contains twelve
insulated gate bipolar transistors (IGBTs) and theDC power 𝑈𝑑𝑐 . The three-phase load is connected to filtering the inductor 𝐿 and parasitic resistor 𝑅. The three-phase currents of the DC
voltage source are represented by 𝑖 𝑎 , 𝑖 𝑏 and 𝑖 𝑐 ; 𝑒 𝑎 , 𝑒 𝑏 , 𝑒 𝑐 represent the grid voltage. The currents
of phase 𝑎 and 𝑏 are sampled by the current sensor. The current of can be obtained as −𝑖 𝑎 –𝑖 𝑏 .
However, if the phase 𝑏 current sensor (taking phase 𝑏 as an example) fails, the current of phase 𝑏
and phase 𝑐 cannot be obtained, resulting in the converter control failure.

Fig. 1. Topology of NPC three-level grid-tied converter with current sensor fault in phase 𝑏

The relationship between the DC current 𝑖 𝑑𝑐 and the switching state of each bridge arm is:
𝑖 𝑑𝑐 = 𝑆𝑢𝑎 × 𝑖 𝑎 + 𝑆𝑢𝑏 × 𝑖 𝑏 + 𝑆𝑢𝑐 × 𝑖 𝑐 ,

(1)
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where 𝑆𝑢𝑎 , 𝑆𝑢𝑏 , and 𝑆𝑢𝑐 represent the switching state and are defined as:
(
1 𝑆𝑥 = 0
𝑆𝑢 𝑥 =
, 𝑥 = 𝑎, 𝑏, 𝑐.
0 others
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(2)

Then, when the phase 𝑏 current sensor fails, the expression of 𝑖 𝑏 and 𝑖 𝑐 can be deduced.
(
(𝑆𝑢𝑏 − 𝑆𝑢𝑐 )𝑖 𝑏 = 𝑖 𝑑𝑐 − (𝑆𝑢𝑎 − 𝑆𝑢𝑐 )𝑖 𝑎
.
(3)
(𝑆𝑢𝑐 − 𝑆𝑢𝑏 )𝑖 𝑐 = 𝑖 𝑑𝑐 − (𝑆𝑢𝑎 − 𝑆𝑢𝑏 )𝑖 𝑎
Based on (3), when 𝑆𝑢𝑐 ≠ 𝑆𝑢𝑏 , the phase 𝑏 current 𝑖 𝑏 or phase 𝑐 current 𝑖 𝑐 can be reconstructed by DC current 𝑖 𝑑𝑐 and phase 𝑎 current 𝑖 𝑎 . Then the voltage vectors which can be used are
𝑈5(1, 1, 0), 𝑈7(0, 1, 0), 𝑈11(0, 0, 1), 𝑈13(1, 0, 1), 𝑈16(0, 1, −1), 𝑈17(−1, 1, 0),
𝑈18(−1, 0, 1), 𝑈19(0, −1, 1), 𝑈22(1, 1, −1), 𝑈23(−1, 1, −1), 𝑈25(−1, −1, 1) and
𝑈26(1, −1, 1), as shown in Fig. 2.

Fig. 2. Combination based on 12 voltage vectors current reconstruction

For 12 voltage vectors that can be directly used for current reconstruction, the DC current
𝑖 𝑑𝑐 is related to the AC current 𝑖 𝑏 , thus the normal DC current 𝑖 𝑑𝑐 and the phase 𝑎 current 𝑖 𝑎
can be used to obtain the three-phase current. As shown in Table 1, the current relationship
is established with (3). The three-phase current is obtained by current reconstruction method to
improve the reliability of current sensor fault operation. When the converter output voltage reaches
a certain limit, the DC voltage is insufficient to output the converter output voltage amplitude,
and modulation index is 57.7%.
When AC current cannot be reconstructed directly from Table 1 or (3), the phase 𝑏 current 𝑖 𝑏
is reconstructed with the prediction current 𝑖 𝑏 (𝑘 + 1).
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Table 1. Current relationship and reconstructed current under 12 voltage vectors
Voltage vector

DC current idc Phase a current iar Phase b current ibr Phase c current icr

𝑈5(1, 1, 0)

𝑖 𝑑𝑐

𝑖𝑎

𝑖 𝑑𝑐 − 𝑖 𝑎𝑟

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈7(0, 1, 0)

𝑖 𝑑𝑐

𝑖𝑎

𝑖 𝑑𝑐

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈11(0, 0, 1)

𝑖 𝑑𝑐

𝑖𝑎

−𝑖 𝑑𝑐 − 𝑖 𝑎𝑟

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈13(1, 0, 1)

𝑖 𝑑𝑐

𝑖𝑎

−𝑖 𝑑𝑐

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈16(0, 1, −1)

𝑖 𝑑𝑐

𝑖𝑎

𝑖 𝑑𝑐

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈17(−1, 1, 0)

𝑖 𝑑𝑐

𝑖𝑎

𝑖 𝑑𝑐

𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈18(−1, 0, 1)

𝑖 𝑑𝑐

𝑖𝑎

𝑖 𝑑𝑐 − 𝑖 𝑎𝑟

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈19(0, −1, 1)

𝑖 𝑑𝑐

𝑖𝑎

−𝑖 𝑑𝑐 − 𝑖 𝑎𝑟

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈22(1, 1, −1)

𝑖 𝑑𝑐

𝑖𝑎

𝑖 𝑑𝑐 − 𝑖 𝑎𝑟

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈23(−1, 1, −1)

𝑖 𝑑𝑐

𝑖𝑎

𝑖 𝑑𝑐

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈25(−1, −1, 1)

𝑖 𝑑𝑐

𝑖𝑎

−𝑖 𝑑𝑐 − 𝑖 𝑎𝑟

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

𝑈26(1, −1, 1)

𝑖 𝑑𝑐

𝑖𝑎

−𝑖 𝑑𝑐

−𝑖 𝑎𝑟 − 𝑖 𝑏𝑟

The current reconstruction method includes one DC sensor and one AC current sensor to
obtain three-phase current, which improves reliability and fault-tolerance.
2.2. Predictive control model
The current reconstruction is applied in case of current-sensor failure. MPC and the detailed
model of current reconstruction are shown in this section.
The switching state of each phase 𝑆𝑖 is defined as (4).


1



𝑆𝑖 = 0


 -1


𝑆𝑖1 = on, 𝑆𝑖2 = on, 𝑆𝑖3 = off, 𝑆𝑖4 = off
𝑆𝑖1 = on, 𝑆𝑖2 = off, 𝑆𝑖3 = off, 𝑆𝑖4 = on ,
𝑆𝑖1 = off, 𝑆𝑖2 = off, 𝑆𝑖3 = on, 𝑆𝑖4 = on

(4)

where: 𝑆𝑖 (𝐼 ∈ {𝑎, 𝑏, 𝑐}) denotes the power switch in the main circuit, “on” and “off” represent
the power switch turned on and turned off, respectively.
The NPC three-level grid-tied converter has 27 switching state combinations. Each switch
state combination corresponds to an output voltage vector. The NPC three-level converter can
generate 27 voltage vectors as shown in Fig. 3. The output voltage vector 𝑈𝑛 can be expressed
as (5).

2𝜋
2𝜋
2
𝑈𝑛 =
𝑢 𝑎 𝑒 𝑗0 + 𝑢 𝑏 𝑒 𝑗 3 + 𝑢 𝑐 𝑒 − 𝑗 3 , 𝑛 = 0, . . . , 26,
(5)
3
where: 𝑢 𝑎 , 𝑢 𝑏 , 𝑢 𝑐 represents the three-phase output voltage of the converter.
In addition, the three-phase output voltage can be expressed as (6).
1
𝑢 𝑎 = 𝑈𝑑𝑐 𝑆 𝑎 ,
2

1
𝑢 𝑏 = 𝑈𝑑𝑐 𝑆 𝑏 ,
2

1
𝑢 𝑐 = 𝑈𝑑𝑐 𝑆 𝑐 .
2

(6)
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Fig. 3. Three-level voltage vector of conventional NPC

In the 𝛼𝛽 coordinate system, 𝑢 𝛼 , 𝑢 𝛽 can be expressed as (7).


"

𝑢𝛼
2 1
=
𝑢𝛽
3 0

−1/2
√
3/2

1/2
√
− 3/2

# 𝑢 𝑎 
 
𝑢 𝑏  ,
 
𝑢 
 𝑐

(7)

where 𝑢 𝛼 and 𝑢 𝛽 represent the output voltage of the NPC three-level converter.
The voltage equation based on the Kirchhoff’s voltage law can be obtained as (8).
𝐿

d𝑖 𝛼𝛽
= 𝑢 𝛼𝛽 − 𝑅𝑖 𝛼𝛽 − 𝑒 𝛼𝛽 ,
d𝑡

(8)


𝑇
where: u 𝛼𝛽 = 𝑢 𝛼 (𝑘), 𝑢 𝛽 (𝑘) , 𝑢 𝛼 and 𝑢 𝛽 represent the output voltages of the converter;

𝑇
i 𝛼𝛽 = 𝑖 𝛼 (𝑘), 𝑖 𝛽 (𝑘) , 𝑖 𝛼 and 𝑖 𝛽 are the represent output currents of the converter;

𝑇
e 𝛼𝛽 = 𝑒 𝛼 (𝑘), 𝑒 𝛽 (𝑘) , 𝑒 𝛼 and 𝑒 𝛽 represent the grid voltage.
After discretization using forward Euler discretization, (9) can be deduced:



𝑖 𝛼𝛽 (𝑘 + 1) − 𝑖 𝛼𝛽 (𝑘)
= 𝑢 𝛼𝛽 (𝑘) − 𝑅𝑖 𝛼𝛽 (𝑘) − 𝑒 𝛼𝛽 (𝑘),
𝐿
𝑇𝑠

(9)

where: 𝑇𝑠 represents the sampling period; 𝑋 (𝑘) is the variable 𝑋 at the 𝑘th instant, and 𝑋 (𝑘 + 1)
stands for the variable 𝑋 at the (𝑘 + 1)th instant.
In order to obtain the predicted current at the (𝑘+1)th instant, (10) can be deduced.
𝑖 𝛼𝛽 (𝑘 + 1) =


𝐿 − 𝑅𝑇𝑆
𝑇𝑆 
𝑖 𝛼𝛽 (𝑘) +
𝑢 𝛼𝛽 (𝑘) − 𝑒 𝛼𝛽 (𝑘) .
𝐿
𝐿

(10)
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3. Current reconstruction based on sector selection
The conventional MPC voltage vector selection method is to calculate 27 voltage vectors
and select the optimal vector. 27 calculations are needed in each cycle, and 18 calculations are
needed when the current sensor fails. The increase of calculation time is usually accompanied by
the increase of system delay. In order to reduce the calculation time, a voltage vector selection
method based on a current reconstruction sector is proposed. Firstly, the grid-side voltage is used
to select a current reconstruction sector, and then the optimal voltage vector is selected from the
sector. In this way, only one current reconstruction sector selection and five vector selections are
needed in each cycle, which reduces the calculation process by 12 times.
The 12 voltage vectors in Fig. 2 are unable to complete the control voltage vector, and the
load current will be out of control when the DC voltage cannot meet the amplitude of the voltage
vector. Thus, the current reconstruction sector and six predictive voltage vectors are adopted.
In Fig. 4, 27 voltage vectors are reduced to 18 voltage vectors, which control the NPC
converter. According to Table 2 and (10), the combined 18 voltage vectors are additionally
added with 𝑈3(1, 0, 0), 𝑈10(−1, 0, 0), 𝑈15(1, 0, −1), 𝑈20(1, −1, 0), 𝑈21(1, −1, −1),
𝑈24(−1, 1, 1).
(


1 𝑒𝑥 > 0

𝑋 =

, 𝑥 = 𝐴, 𝐵, 𝐶
,
(11)
0 others


 𝑁 = 𝐴 + 2𝐵 + 4𝐶

where: 𝑈𝑋 represent the voltage of the phase 𝑥, and 𝑋 and 𝑁 are the computational operators.

Fig. 4. Voltage vector with current sensor fault

The voltage vector directly used for current reconstruction and the voltage vector with prediction constitute the control vector set shown in Fig. 4. Under the voltage vector set, the load
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Table 2. Sector’s classification and voltage vectors to be predicted
Sector

I

II

III

IV

V

VI

𝑁

3

1

5

4

6

2

–

𝑈3, 𝑈21, 𝑈20

Voltage vectors to be predicted 𝑈3, 𝑈21, 𝑈15

–

𝑈10, 𝑈24 𝑈10, 𝑈24

current will not be out of control in region 𝑎 and region 𝑏 and the modulation index is 100%. The
adoption of current reconstruction sectors shortens the computation time, as shown in Table 2.
Therefore, the voltage vector combination based on current reconstruction sector selection does
not cause a lack of current control in region a and region b. In addition, the three-level 27 voltage
vectors are divided into 3 types, as shown in Fig. 5.

(a)

(b)

(c)

Fig. 5. Voltage vector classification based on current reconstruction: type-𝐴 voltage vector (a);
type-𝐵 voltage vector (b); type-𝐶 voltage vector (c)

Type-𝐴: The voltage vectors can be reconstructed directly by the DC current 𝑖 𝑑𝑐 and phase
𝑎 current 𝑖 𝑎 , including 𝑈5(1, 1, 0), 𝑈7(0, 1, 0), 𝑈11(0, 0, 1), 𝑈13(1, 0, 1), 𝑈16(0, 1, −1),
𝑈17(−1, 1, 0), 𝑈18(−1, 0, 1), 𝑈19(0, −1, 1), 𝑈22(1, 1, −1), 𝑈23(−1, 1, −1), 𝑈25(−1, −1, 1)
and 𝑈26(1, −1, 1).
Type-𝐵: The voltage vectors of three-phase current can be reconstructed by the predictive
current 𝑖 𝑏 (𝑘 + 1), including 𝑈3(1, 0, 0), 𝑈10(−1, 0, 0), 𝑈15(1, 0, −1), 𝑈20(1, −1, 0),
𝑈21(1, −1, −1) and 𝑈24(−1, 1, 1).
Type-𝐶: Zero vectors and voltage vectors that can be replaced by the same function, including
𝑈0(0, 0, 0), 𝑈1(1, 1, 1), 𝑈2(−1, −1, −1), 𝑈4(0, −1, −1), 𝑈6(0, 0, −1), 𝑈8(−1, 0, −1),
𝑈9(0, 1, 1), 𝑈12(−1, −1, 0) and 𝑈14(0, −1, 0).
MPC strategy takes a lot of time to calculate the optimal voltage vector, and there is a certain
delay between the optimal vector and the practical vector. The proposed method is combined
with current reconstruction sector selection, and the counter clockwise rotation of the current
reconstruction sector shortens the calculation time. In addition, the proposed method also makes
up for the problem of insufficient capacity when there are only 12 voltage vectors.
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To simplify the program’s running process, reorder the 18 voltage vectors of the combination,
and the control structure shown in Fig. 6.

Fig. 6. The control structure of proposed method with reconstructed current and sector selection

The simplified vector selection process is as follows:
Step 1: Collect the grid side voltage 𝑒(𝑘), phase 𝑎 current 𝑖 𝑎 (𝑘) and DC current 𝑖 𝑑𝑐 (𝑘).
Step 2: Calculate 𝑁 with (12) and select the current reconstruction sector 𝑦.
Step 3: Select the optimal voltage vector 𝑈 𝑗 in the current reconstruction sector.
Step 4: Current reconstruction 𝑖 𝑏 (𝑘) or (1) according to 𝑈 𝑗 .
Step 5: Reconstruct 𝑖 𝑐 (𝑘) with (10).
The voltage vector that can minimize the cost function is defined as the optimal voltage vector
and is used in the control of the converter at the next instant. Considering the neutral point current,
the cost function is defined as the sum of the absolute error between the reference current and the
predicted current plus the difference of DC capacitor voltage:
𝑔 = |𝑖 𝛼ref − 𝑖 𝛼 (𝑘 + 1)| + |𝑖 𝛽ref − 𝑖 𝛽 (𝑘 + 1)| + 𝑝|𝑢 𝑐1 − 𝑢 𝑐2 |,

(12)

where: 𝑖 𝛼ref and 𝑖 𝛽ref represent the reference current, 𝑢 𝑐1 and 𝑢 𝑐2 are the voltages of the upper
and lower capacitors, 𝑝 is the weight factor of voltage balance.
The predicted currents of different voltage vectors at the next instant are obtained with (10) and
the prediction function. In order to obtain the ideal predicted current, the optimal voltage vector
is determined by using the cost function, (12), through the improved voltage vector selection
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method. The voltage vector which minimizes the cost function 𝑔 is used as the best choice for the
NPC converter.
The fault of the AC current sensor reduces the reliability of the NPC converter. When the
phase 𝑏 current sensor fails, the three-phase current is reconstructed with the current relationship
under different voltage vectors in Table 1. Then the reconstructed current 𝑖 𝑎𝑏𝑐𝑟 is directly involved
in the circuit when the current sensor fails.

4. Simulation and experimental verification
To further verify the proposed MPC strategy based on current reconstruction, the hardwarein-the-loop experimental platform shown in Fig. 7 is built. The hardware in the loop experimental
platform uses PXIe-1071 of the TI company as a hardware circuit and controller. The test
instrument is a Yokogawa DLM4000 series oscilloscope, and experimental parameters are shown
in Table 3.

Fig. 7. Hardware in the loop experimental platform

Table 3. Simulation and experimental parameters
Symbol

Parameters

Values

𝑈𝑑𝑐

DC voltage

400 V

𝑒

RMS of grid phase voltage

110 V

𝐿

Filter inductance

0.01 H

𝑅

Parasitic resistance

0.05 Ω

𝑓𝑠

Sampling frequency

10 kHz

𝑓

Grid frequency

50 Hz

𝐶1 , 𝐶2

Capacitance

4700 μF
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4.1. Comparison of voltage vector selection
Method-A: only using 12 type-𝐴 voltage vectors.
Method-B: using 12 type-𝐴 voltage vectors and 6 type-𝐵 voltage vectors. Their effects are
compared in Fig. 8.

Fig. 8. Comparison of voltage vector selection methods

When the DC voltage 𝑈𝑑𝑐 = 400 V, the three-phase currents reconstructed by method-A has
obvious collapse at 𝑁 = 2 and 𝑁 = 3, while the three-phase current waveform reconstructed
by method-b can control the current waveform in region-a and region-b. This is because when
the voltage vector does not reach the amplitude of the reference voltage vector in the actual
operation process, the method-A cannot control the current and causes the current to decrease
and a modulation index is 57.7%. Method-A has no appropriate voltage vector control in region-a
and region-b, while method-B can use voltage vector control in the whole hexagon region and
a modulation index is 100%.
4.2. Steady state experimental
The steady-state control performance of the proposed method is tested and compared with
the normal state NPC three-level grid-connected conversion effect. Figure 9(a) shows the current
waveform results before the phase 𝑏 current sensor fault when the reference current is 10 A.
Figure 9(b) shows the current waveform results after the phase 𝑏 current sensor fault when the
reference current is 10 A.
In Fig. 9, when the reference current is 10 A, the total harmonic distortion of the current in the
normal state is 3.32%, while the total harmonic distortion of the proposed current reconstruction
strategy is 4.16%, and the errors of the two currents are not more than 1 A. There is a certain
mathematical relationship between DC current and AC current under each voltage vector, thus,
the DC current can replace the current sensor for current reconstruction.

374

Yanyan Li, Han Xiao, Nan Jin, Guanglu Yang

(a)

Arch. Elect. Eng.

(b)

Fig. 9. Comparison before and after current reconstruction when the reference current is 10 A: three phase
current before current sensor b fault (a); three phase current after current sensor b fault (b)

4.3. Dynamic state simulation
The dynamic performance of the proposed method is tested. Figure 10 shows the dynamic
process of the reconstructed current when the reference current decreases from 15 A to 10 A.
Figure 11 shows the dynamic process of the reconstructed current when the reference current
increases from 10 A to 15 A. Figure 12 shows the dynamic process from pre-fault to current
reconstruction of the current sensor.

Fig. 10. Three phase dynamic current reduces from 15 A to 10 A

When the current sensor fails, the three-phase current has obvious distortion, and the proposed
method can quickly adjust the converter to the normal operation state by using the MPC based
on current reconstruction. When the reference current is transformed, the proposed current
reconstruction method can keep up with the reference current, and the current error remains
within 1 A. The effectiveness of the proposed method is further verified and the fault tolerance
performance of the NPC grid-tied converter is improved.
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Fig. 11. Three phase dynamic current increases from 10 A to 15 A

Fig. 12. Comparison before and after current reconstruction when the reference current is 15 A

5. Conclusion
The controller of the NPC three-level grid-tied converter needs the grid side current signal.
Once the current sensor fails, the current generated by the converter will have a great impact on
the grid. To solve this problem, an MPC strategy based on current reconstruction is proposed.
1. When the current sensor fails, the three-phase current is reconstructed by using the relationship between the voltage vector and current. The reconstructed three-phase current
participates in MPC to maintain the fault-tolerant operation of the converter.
2. When the current sensor fails, the type-𝐴 voltage vector is used to replace the original
voltage vector for MPC. This method can realize the fault tolerant operation of converters
after faults of the current sensor.
3. The proposed method-A cannot normally control the current in region-a and region-b, that
is, the modulation index is low. On the basis of method-A, adding a type-𝐵 voltage vector
and selecting a current reconstruction sector can improve a modulation index and reduce
the calculation delay of MPC.
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4. Experimental results show that when the current sensor fails, the proposed method-B can
adjust the reconstructed current with a voltage vector. The control strategy enhances the
continuous operation ability of the power grid.
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