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As for the failure diagnosis problem of the transformer of traction system of the bullet train, the model-based 

diagnosis method is introduced to the failure diagnosis of traction transformer of the bullet train in this paper, 

and the failure diagnosis scheme based on the combination of model diagnosis and fuzzy Petri network is also 

proposed. Two-layer model for the structure and function of traction transformer is set up, so that the minimum 

conflicts candidate set can be searched offline, and the minimum conflicts set can be identified online, thus the 

external failure diagnosis of the traction transformer can be achieved. As for the internal failure diagnosis, the 

model-based diagnosis is applied to the positioning of failure elements of the traction transformer; and the 

fuzzy Petri network is used for regional knowledge representation so as to ratiocinate and achieve the internal 

failure diagnosis. The analysis is implemented with the failure data of three-phase V/X wiring transaction-

transformer of the bullet train as the example; and the diagnosis result is the verification for the feasibility and 

effectiveness of transaction-transformer failure diagnosis scheme based on the integration of model diagnosis 

and fuzzy Petri network.  

1. Introduction 

Since the construction of Beijing-Tianjin inter-city high-speed railway from2005, with ten-year construction and 

development of high-speed railway, the high-speed railway of China has been pushed forward continuously; 

and currently, the operating mileage of high-speed railway ranks the first in the world (Ahlem et al., 2013). The 

safe operation of bullet train is not only related to the safety of passengers, but also is of significance to the 

development of national economy. The loss caused by operation failure of bullet train is very huge each year 

in China; in addition, large amount of cost incurred in daily repair and maintenance of bullet train also takes a 

large share in the train transportation expenses (Brenna et al., 2012). At the same time of rapid development, 

how to maintain the high-speed and stable operation of the bullet train in the more and more complicated rails 

conditions has been the key point for the work implemented by railway departments. With the continuous 

operation of special passenger line of high-speed railway, the operation scale of bullet train has been enlarged 

continuously, and relevant changes occur in the quantity of dispatched train, rate of traffic flow and operation 

conditions (Raygani et al., 2013); however, the failure diagnosis of the bullet train can promote the bullet-train 

operation management, emergency responses and safety guarantee; therefore, the importance of failure 

diagnosis of the bullet train must be attached. The electric traction system is the most important system in the 

railway operation, including the traction power-supply system and traction drive system; the electric traction 

system is the key for system electricity and power ensuring the normal operation of the bullet train (Li et al., 

2013). The traction transformer is the key equipment in the traction power-supply system and traction drive 

system, the normal and stable operation of which is related to the reliable operation of the entire electric 

traction system directly (Song et al., 2013); in the meanwhile, the structure and operation environment of the 

traction transformer can make it the equipment with most failure frequency, therefore, the prevention and 

diagnosis of relevant failures of traction transformer must be paid with more attention.  
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2. Modelling of traction transformer of the bullet train 

2.1 Principle analysis and element abstraction of traction transformer 

The Figure 1 is the schematic diagram for the three-phase VX-wiring traction transformer. The three-phase 

VX-wiring traction transformer substantially consists of two single-phase three-winding transformers put in the 

same fuel tank (Giorgio et al., 2013). ABC is the three-phase circuit of the electrical power system, and the 

TRF is the leading-out terminal for the overhead line system of the edge connection of the transformer, the 

grounding and positive feeder separately.  

 

Figure 1:  Schematic Scheme for Three-phase VX-wiring Traction Transformer 

The modelling of the traction transformer is achieved based on the abstraction on elements; however, the 

traction transformer system can be considered as consisting of the inlet-outlet line, winding and iron core. The 

current and voltage transformer only be applied to supervise the system status information (Xia et al., 2017), 

thus the failure occurrence possibility of current and voltage transformer is not considered, based on which the 

data obtained from measurement are deemed as the right data. Therefore, the abstract elements of the 

traction transformer mentioned move are as follows: {T_11, T_21, T_1, T_12, T_22, T_12, T_21}; in which, the 

T_11 and T_21 means the primary sides of two single-phase transformers separately, which are deemed as 

the independent small element models. T_1 means the entity formed by the primary side of two single-phase 

transformers, which is the large element model, T_11 and T_21 are the small elements inside it. T_12 and 

T_22 means the secondary side of two single-phase transformers, which are also the independent small 

element models; T_12 and T_21 are the large element models of the secondary side of the single-phase 

transformer, and the relevant small elements inside which are T_12 and T_22. 

2.2 Calculation of equivalent circuit 

The VX-wiring three-phase traction transformer is equal to two single-phase three-winding transformers; the 

power supply of the right and left power-supply arms can be achieved with two equivalent single-phase 

transformers (He et al., 2014). The principle of two single-phase transformers are the same; three taps—T, F 

and N on the secondary side are connected to the overhead line system, the outlet end of positive feeder and 

the grounding end separately. Take one single-phase transformer of which as the example, the equivalent 

circuit diagram is shown in Figure 2.  

In which, the Zab is the equivalent short-circuit impedance of the primary winding, Zm is the short-circuit 

impedance converted to the primary side; Zfn is the short-circuit impedance of F winding converted to the 

primary side, and Ym is the equivalent excitation admittance converted to the primary side. Assume that the 

above traction transformer is the ideal transformer, and if the transformation ratio is set up as converted to the 

primary side, then parameters of the equivalent circuit can be calculated based on rated parameters on the 

transformer nameplate, see the details in Table 1.  
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Figure 2: Equivalent Circuit Diagram for Single-phase Traction Transformer 

Table 1: The Residual Value of Each Analytical Redundancy Relationship 

Name Zab/Ω Ztn/Ω Zfn/Ω Ym/(10-7S) 

T1 3.524+j101.64 5.506+j101.64 14.094+j101.64 4.959-j25.826 

T2 4.659+j127.05 7.280+j127.05 18.034+j127.05 4.339-j20.661 

2.3 Modelling of Traction Transformer of the Bullet Train 

2.3.1 Normal model of single-phase transformer 

If the voltage value of each port of the single-phase transformer and the current value flowing into each port 

 

Ia: Current value flowing into the transformer from A phase; Ib: Current value flowing into the transformer from 

B phase; It: Current value flowing out the transformer from T end; Ir: Current value flowing out the transformer 

from R end; If: Current value flowing out the transformer from F end; Vab: Voltage value between phase A and 

B; Vtr: Voltage value of TR port; Vrf: Voltage value of RF port; k: Rated voltage ratio on the primary and 

 

According to the definition and equivalent circuit diagram of above variables, see the constrained relationshi 

between the voltage and the current in equation 1 and 2 when the single-phase traction transformer is in 

normal operation (Song et al., 2016). 
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3. Failure diagnosis of traction transformer of the bullet train 

3.1 Principle introduction to MBD and fuzzy Petri network 

Based on the model diagnosis (MBD) (Ali et al., 2016), the modelling thought is to set up the network topology 

model of and among elements based on the structure and function of elements of the system, to achieve the 

modelling with systematic “deep knowledge” (Xiao et al., 2017). See the basic thought in Figure 3. Knowledge 

about the model can be obtained directly based on the object principle, in which the accumulation process of 

the knowledge is omitted, and the disadvantage of traditional artificial intelligent technology is conquered; in 

the meanwhile, the realization of modelling and diagnosis of the system is implemented separately and 

independently, which make the better independence and portability of the method based on models; however, 

it is subject to the problems in handling the uncertainty and association relation among components (Dai et al., 

2015).  
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Figure 3: The Basic Idea of MBD 

As the fuzzy Petri network is added with fuzzy factors, which can be used to describe and analyse uncertain 

problems effectively (Wang et al., 2015), and also conquers the defects of traditional Petri network in handling 

fuzzy proposition; the knowledge presentation and diagnosis inference can be achieved in imaging way in the 

failure diagnosis of transformer (Li et al., 2014). Based on the thought of complementary integration, the inter-

combination of MBD and fuzzy Petri is applied to the failure diagnosis of traction transformer of the bullet train 

in this paper.  

3.2 Identification of fault elements 

If the Phase A of T1 outlet-end of the traction transformer is subject to grounded short circuit, then Table 2 

means the monitoring value of current and voltage transformer under such circumstance based on simulation, 

and V_11_A means the primary-side phase-A voltage of the first single-phase transformer, the rest measuring 

values are subject to the same naming methods. 

The monitoring value of transformer in Table 2 is substituted into the analytical redundant relations for 

calculation, and relevant residual error in Table 3 is obtained. As the accuracy of transformer model can be 

affected due to the existence of transformation ratio in the actual operation (Alonso et al., 2013), the 

transformer measuring value is substituted into the analytical redundant relations under the normal conditions 

so as to correct the analytical redundant relations with larger residual errors; as for the process mode of this 

paper, the residual error of such analytical redundant relations is multiplied with 10-5, which can improve the 

interference of model accuracy on inference and diagnosis. 

The allowable relative residual threshold in this paper is set up as 0.3, and Table 3 shows that the minimum 

conflict candidate set with relative residual error larger than 3 is {MinCSC7}, and the corresponding fault 

element is {T_11}; as only one minimum conflict candidate set exists, thus it is the minimum hitting set; 

therefore, according to the consistent judgement of normal model of traction transformer, the fault element is 

the primary side for the first single-phase traction transformer (T1). 

Table 2: Traction Transformer Monitoring Value in Fault Conditions 

Measurements Amplitude Phase angle 

V_11_A 0 0 

V_11_B 2.1943×105 -120.01 

V_21_C 2.1939×105 119.99 

V_11_AB 2.1943×105 59.99 

V_21_BC 3.8003×105 -90.01 

V_12_TN 2.7389×104 59.81 

V_12_FN 2.7391×104 -120.18 

V_22_TN 4.7436×104 -90.19 

V_22_FN 4.7438×104 89.81 

I_A 3.4750×104 -81.87 

I_B 7.5558 -63.30 

I_C 4.9463 127.59 

I_12_T 1.2685 14.74 

I_12_F 2.3166 -165.15 

I_12_N 1.0481 14.99 

I_22_T 2.1970 -135.27 

I_22_N 1.8152 -135.01 

I_22_F 4.0121 44.85 
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Table 3: The Residual Value of Each Analytical Redundancy Relationship 

The smallest conflict Absolute residual value Maximum value Relative residual value 

MinCSC1 1.200×10-9 2.856×100 4.202×10-10 

MinCSC2 2.236×10-9 4.946×100 4.521×10-10 

MinCSC3 1.258×10-4 2.317×100 5.429×10-5 

MinCSC4 1.887×10-4 4.012×100 4.704×10-5 

MinCSC5 4.780×100 5.478×104 8.726×10-5 

MinCSC6 1.950×10-5 9.487×104 2.055×10-10 

MinCSC7 5.763×101 5.659×101 1.018×100 

MinCSC8 8.012×101 7.841×106 1.022×10-5 

MinCSC9 6.494×102 2.194×105 2.959×10-3 

MinCSC10 1.101×103 3.800×105 2.896×10-3 

 

3.3 Fault type diagnosis 

In order to identify the fault type of the fault element quickly, the occurrence possibility of various faults can be 

assumed based on experience generally; the occurrence possibility of disconnection fault is set up at 0.1, and 

the occurrence possibility of short circuit fault is set up at 0.3, and the occurrence possibility of grounding fault 

is set up at 0.6 (Wang et al., 2014). The fault match is implemented according to the fault possibility in the 

MBD abductive inference (Bin et al., 2015), the maximum fault mode of fault possibility is matched firstly; in 

case it fails in matching, then the fault mode with the secondary possibility is matched, the rest can be done in 

the same manner (Hiroshi et al., 2015). The fault element is fixed, and the grounding fault match should be 

implemented firstly to the fault element {T_11}(Cao et al., 2014); if the match is successful, then the fault type 

is {[T_11,{groundA}]}(Cen and Stewart, 2017), which is the primary-side phase-A grounding of the first single-

phase traction transformer(Chen et al., 2012).  

4. Conclusion 

The iron traction transformer is the research object of this paper, and the discussion about the fault diagnosis 

realization of the traction transformer of the bullet train is carried out; a new fault diagnosis method which can 

be applied to the traction transformer of the high speed railway has been developed through exploration – the 

fault diagnosis method based on model diagnosis and fuzzy Petri network integration; the realization of the 

diagnosis mainly includes the separate diagnosis on external fault and internal fault. According to the internal 

and external fault modelling and simulation verification of three-phase V/X-wiring traction transformer of a 

traction transformer of the high-speed line, the result of which indicates that the fault diagnosis based on the 

model diagnosis and fuzzy Petri integration can be used to diagnose the traction transformer fault accurately.  
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