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Abstract—In some cases, only two current sensors are 
available in three-phase three-wire (3P3W) inverters. This 
occurs when one of three sensors is faulty, or the inverter is 
equipped with only two sensors to save cost. There has been no 
method addressing the diagnosis of both IGBT open-circuit 
faults and current sensor faults in the 3P3W inverter with only 
two current sensors. In order to solve this problem, a 
nonintrusive method based on average output voltage deviations 
is proposed. The deviations between the measured and 
estimated output line and phase voltages are utilized to detect 
and locate the fault. With average model, this method can 
diagnose the fault fast with only signals available in the 
controller. Therefore, no extra sampling or diagnosing circuits 
are needed. Besides, the error-adaptive thresholds are adopted 
to ensure the robustness. Finally, experimental results verified 
the effectiveness.  

Keywords—current sensor fault, diagnosis, IGBT fault, 
inverter 

 

I. INTRODUCTION  

Inverters are widely used in renewable energy systems, 
electrical tractions systems and so on. In inverters, IGBTs are 
one of the most vulnerable devices [1]. IGBT faults mainly 
include short-circuit (SC) faults and open-circuit (OC) faults. 
Both faults may cause the system malfunction. Compared 
with SC faults, OC faults are less catastrophic and meanwhile 
are more difficult to be detected. A lot of papers have been 
published focusing on IGBT OC fault diagnosis. These 

methods are mainly voltage signal based [2]-[4], current signal 
based [5]-[7] and model based [8]-[10].  

Inverters may also suffer from sensor faults [11]. Sensor 
faults may cause currents or voltages to rise fast due to close-
loop control, which may cause further damages on other 
devices and loads. Therefore, it is necessary to diagnose 
sensor fault timely as well. There are some reports on 
diagnosis of sensor faults. Most of them are based on 
observers [12]-[14] and current analysis [15]-[16].  

 However, all these methods mentioned above only 
consider IGBT faults or sensor fault. The method considering 
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Fig. 1.  The grid-tied 3P3W inverter with two current sensors 



only one kind of fault may diagnose falsely when the other 
kind of fault occurs.  

 In recent years, some methods have been developed to 
address both IGBT fault and sensor fault [17]-[18]. In [17], the 
current deviations generated by a Luenberger observer are 
used to diagnose both IGBT OC faults and current sensor 
faults. In order to improve diagnosis speed, [18] proposes a 
method based on average bridge arm pole-to-pole voltage 
deviations. In both methods, the sum of three phase currents 
are used to distinguish IGBT faults from current sensor faults. 
Hence, these methods are only suitable for three-phase three-
wire (3P3W) inverter with three current sensors. 

The literature review shows the problem of diagnosing 
both IGBT OC faults and current sensors fault in the 3P3W 
inverters with only two current sensors has not been 
investigated. For the circumstance where only two current 
sensors  are available in the 3P3W inverters, a novel method 
based on the average output voltage deviations are proposed 
to diagnose both kinds of faults. The method is nonintrusive, 
which means the method needs only existing signals in the 
controller, therefore no extra sampling or diagnosis circuits 
are added. The method can be embedded in the system easily. 

 

II. FAULTY CHARACTERISTICS OF OUTPUT VOLTAGE 

DEVIATIONS 

Fig.1 shows the grid-tied 3P3W inverter with only two 
current sensors. In this paper, a inverter with current sensors 
in phase A and phase B is taken as an example. In the inverter, 
two phase currents, three phase grid voltages and DC voltage 
are sampled every switching periods for control. According to 
the loop shown in Fig.2 and Kirchoff law, the output line 
voltages vxy (x,y =a,b,c) is 

yx
xy f f x XY f f y

didi
v L R i V L R i

dt dt
                  (1) 

Where X,Y = A, B, C. Based on (1), the output line voltages 
can be estimated as 

^^
* ^ * ^yx

xy f f x XY f f y

didi
v L R i V L R i

dt dt
                (2) 

Where ix
^ is the sampled phase current, and VXY

* is the 
estimated bridge arm pole-to-pole voltage.  

Define deviation as 

*y y y    and  ^y y y                   (3) 

Where, y is the real value, y* and y^ are the estimated and 
sampled values respectively. Then, (2) minus (1) gives the 
output line voltage deviation as 

yx
xy f f x XY f f y

d id i
v L R i V L R i

dt dt


             (4) 

Similarly, according to the loop shown in Fig.3,  the output 
phase voltage deviation can be obtained as 

x
xN XL f f x NL

d i
v V L R i V

dt


                 (5) 

Where  

1
( )

3NL AL BL CLV V V V                        (6) 

When no fault occurs, Δvxy = 0 and ΔvxN = 0. Whereas, 
when IGBT OC fault or current sensor fault occurs, ΔVXL ≠ 0 
or Δix ≠ 0, so Δvxy ≠ 0 and ΔvxN ≠ 0. T1 fault and sensor CSa 
fault are taken as examples to analyze the faulty characteristics 
of output line voltage deviations and phase voltage deviations. 

When T1 is open-circuit, according to analysis in [8], there 
is ΔVAL≥0. Therefore 

Δvab ≥0, Δvbc =0, Δvca ≤0, ΔvaN ≥0, ΔvbN  ≤0, ΔvcN ≤0 (7) 

When sensor CSa is faulty, there is Δia ≠ 0. Consequently 

Δvab  ≠ 0, Δvbc ≠ 0, Δvca  ≠ 0, ΔvaN  ≠ 0, ΔvbN  = 0, ΔvcN  ≠ 0 (8) 

 
Fig. 2.  Loop for calculating output line voltages  

 

Fig. 3.  Loop for calculating output phase voltages  

TABLE I.  OUTPUT VOLTAGE DEVIATION CHARACTERISTICS 
OF DIFFERENT IGBT AND CURRENT SENSOR FAULTS IN 3P3W 

INVERTER WITH TWO CURRENT SENSORS 

Fault 

Line voltage  
deviations 

Phase voltage  
deviations 

Δvab Δvbc Δvca ΔvaN ΔvbN ΔvcN 

None = 0 = 0 = 0 = 0 = 0 = 0 

T1 ≥0 =0 ≤0 ≥0 ≤0 ≤0 

T2 ≤0 =0 ≥0 ≤0 ≥0 ≥0 

T3 ≤0 ≥0 =0 ≤0 ≥0 ≤0 

T4 ≥0 ≤0 =0 ≥0 ≤0 ≥0 

T5 =0 ≤0 ≥0 ≤0 ≤0 ≥0 

T6 =0 ≥0 ≤0 ≥0 ≥0 ≤0 

(CSa×, CSb) a ≠0 ≠0 ≠0 ≠0 ＝0 ≠0 

(CSa, CSb×) ≠0 ≠0 ≠0 = 0 ≠0 ≠0 

(CSa×, CSc) ≠0 ≠0 ≠0 ≠0 ≠0 ＝0 

(CSa, CSc×) ≠0 ≠0 ≠0 ＝0 ≠0 ≠0 

(CSb×, CSc) ≠0 ≠0 ≠0 ≠0 ≠0 ＝0 

(CSb, CSc×) ≠0 ≠0 ≠0 ≠0 ＝0 ≠0 

a (CSx×, CSy) means current sensors CSx and CSy are available, where CSx is faulty. 

 



With similar analysis of other IGBT faults and current 
sensor faults, all faulty characteristics of output voltage 
deviations for different faults can be concluded in TABLE I.  

 

III. PROPOSED FAULT DIAGNOSIS METHOD 

The diagnosis principle is shown in Fig.4. The average 
output line and phase voltage deviations are used for diagnosis.  
A. Calculate Average Output Voltage Deviations 

Define average model as  

[ ]

[ 1]

1
[ ]

t n

S t n

y n ydt
T 

                             (9) 

Where TS is the sampling period.  

 With average model, there is 
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Where 

* 1
[ ] ( [ 1] [ ])( [ 1] [ 1])

2
XY x ydc dcV n V n V n d n d n                (11) 

The voltage sensors are regarded healthy, so the real 
output line voltage can be obtained as 

^ ^1
[ ] ( [ 1] [ ])

2
xy xy xyv n v n v n                         (12) 

Similarly, the average estimated and real output line 
voltages are 

* ^ ^
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Where 
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6 x a b c
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                  (16) 

More detailed derivation of the calculation model can be 
found in [8]. 

Finally, the average output voltage deviations are 
*

[ ] [ ] [ ]xy xy xyv n v n v n                          (17) 

*
[ ] [ ] [ ]xN xN xNv n v n v n                          (18) 

B. Calculate Thresholds 

Due to calculation error from measure error, parameter 

error, dead time, delay and so on, thresholds , [ ]th xyv n  and  

, [ ]th xNv n are needed to avoid false alarm caused by these 

calculation error. The error-adaptive method proposed in [8] 
is applied to determine the thresholds.  

TABLE III.  CRITERIA FOR IGBT AND CURRENT SENSOR FAULT 
DIAGNOSIS FOR 3P3W INVERTER WITH TWO CURRENT SENSORS 

Fault 

Line voltage  
deviation polarities 

Phase voltage  
deviation polarities 

Δab Δbc Δca ΔaN ΔbN ΔcN 

None Z Z Z Z Z Z 

T1 P Z N P N N 

T2 N Z P N P P 

T3 N P Z N P N 

T4 P N Z P N P 

T5 Z N P N N P 

T6 Z P N P P N 

(CSa×, CSb) P/N P/N P/N P/N Z P/N 

(CSa, CSb×) P/N P/N P/N Z P/N P/N 

(CSa×, CSc) P/N P/N P/N P/N P/N Z 

(CSa, CSc×) P/N P/N P/N Z P/N P/N 

(CSb×, CSc) P/N P/N P/N P/N P/N Z 

(CSb, CSc×) P/N P/N P/N P/N Z P/N 

 

TABLE II.  EXPERIMENT SPECIFICATION 

Parameters Symbols Value 

DC-link voltage Vdc 400V 

Grid phase voltages vxN 110V(rms), 50Hz 

Rated power Prate 1.2kW 

Filter inductances in 
experiments 

Lf 9mH 

Equivalent resistances Rf 0.3Ω 

Switching/Sampling 
frequency 

fs 10kHz 

Sampling error of Vdc, 
vxy, vxN, ix  

σVdc,σvxy, σvxN, 
σix 

4V, 4V, 2V, 
0.06A 

Inductance error σLf 1.8mH 

Dead time TDD 1.5μs 

Delay time TDL 1μs 

 

 
Fig. 4.  Principle of the proposed fault diagnosis method 



Maximum calculation error of diagnosis variables from 
sampling error σVdc,σvxy, σvxN, σix and parameter error σLf are 

,

1 1
[ ] ( [ ] [ 1] ) ( [ ] [ 1] )

4
( [ 1] [ 1] )

f fxy

dc xy x

L x x L y yv SP
S S

V x y v i f
S

n i n i n i n i n
T T

d n d n L
T

  

  


     

     
 (19) 
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The determination of sampling errors and inductance error 
is explained in [19]. 

Maximum calculation errors from dead time TDD and delay 
time TDL are 
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,
2

xy

DL
dcv DL

S

T
V

T



  , ,
2

xN

DL
dcv DL

S

T
V

T



           (22) 

Finally, the thresholds can be selected as 

, , , ,xy xy xy
th xy v SP v DD v DL

v   
  

            (23) 

, , , ,xN xN xN
th xN v SP v DD v DL

v   
  

            (24) 

C. Locate Fault 

With average output voltage deviations and thresholds, the 
voltage deviation polarities can be generated as 

,

, ,

,

,

,

,

sub th sub

sub th sub sub th sub

sub th sub

P V V

Z V V V

N V V

  
      
   

               (25) 

Then, according to the faulty characteristics shown in 
TABLE I, the criteria for diagnosing IGBT OC fault and 
current sensor fault are given in TABLE II. In order to further 
improve robustness against disturbances, the minimum time 
judging rule is implemented in the method. The fault diagnosis 
result have to remain for the minimum time Tmin to be 
considered reliable. Higher Tmin leads to better robustness and 
meanwhile longer detection time. In this paper, Tmin is set as 
2TS.  

 

IV. EXPERIMENTAL RESULTS 

In order to verify the effectiveness of the method, 
experiments have been carried out on OPAL-RT 4510 
platform. The experiment specification is shown in TABLE 
III. The experimental  results of T1 OC fault and CSa fault are 
shown in Fig.5 and Fig.6 respectively.  

In Fig.5, before the fault comes, all the diagnosis 
variables are within thresholds. After the fault is triggered at 
t1, the voltage deviation polarities (Δab, Δbc, Δca, ΔaN, ΔbN, ΔcN) 
change to (P, Z, N, P, N, N) soon. According to criteria in 
TABLE II, the T1 fault is diagnosed at t2.  

In Fig.6, after the current sensor fault is triggered at t1, 
the voltage deviation polarities change to (N, N, P, N, Z, P) 
soon. According to criteria in TABLE II, the CSa fault is 
diagnosed at t2.  

These experiments verify that the proposed method can 
diagnose the IGBT faults and current sensor faults effectively. 

 
Fig. 5.  Experimental result of T1 fault diagnosis 

 
Fig. 6.  Experimental result of CSa fault diagnosis 



 

V. CONCLUSIONS 

A novel diagnosis method based on average output voltage 
deviations is proposed in the paper. This method can diagnose 
both IGBT OC faults and current sensor faults quickly in grid-
tied 3P3W inverters with two current sensors by utilizing 
signals available in the controller. The fault analysis, method 
principle and model calculations are introduced. Finally, the 
effectiveness of the proposed method is verified by 
experiments.  
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