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Abstract: Rotor interturn short circuit (RISC) is a common electrical fault in synchronous generators. By far, scholars have 

carried out a lot of researches on static rotor interturn short circuit (SRISC), while dynamic rotor interturn short circuit (DRISC) 

is rarely taken into account. This paper analyzes the stator current characteristics before and after DRISC fault in synchronous 

generators. First, the expressions of the air-gap flux density respectively in normal, SRISC, and DRISC cases, are derived. Then 

the two-dimensional finite element model is established to analyze the stator current under the aforementioned three conditions. 

Finally, experiments are carried out on the CS-5 prototype generator to test the stator currents. The experimental results are 

consistent with the theoretical analysis and the finite element calculation data. It is shown that the occurrence of the dynamic 

rotor interturn short circuit will reduce the root mean square value as well as the odd harmonics of the magnetic flux density and 

the stator current, while at the meantime it will increase the new generated even harmonics. Compared with the static short circuit, 

the current curve of the stator phase shows an obvious "peak". With the aggravation of the short circuit degree between dynamic 

turns, the effective value of current and the odd harmonics will be decreased. The stator current in the dynamic rotor interturn 

short circuit cases is generally between those of normal condition and static rotor interturn short circuit case. 
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1. Introduction 

Rotor interturn short circuit (RISC) is a common fault in 

generators, which can be divided into static rotor interturn 

short circuit and dynamic rotor interturn short circuit [1]. 

Studies have shown that when RISC develops to a certain 

extent, the drop of the terminal voltage will lead to a strong 

excitation, causing a significant increase in the exciting 

current. In addition, there will be unbalanced magnetic pulls 

on the rotor and uneven heat on the two sides, resulting in the 

thermal bending and the rotor vibration, due to the asymmetry 

of the N and S pole windings after short circuit. In severe cases, 

it may burn the bearing bushes, cause the magnetization of 

main shaft, and lead to a grounding fault [2-5]. 

In actual operations, the dynamic interturn short circuit of the 

exciting windings is in relation to the rotor's frequency and 

vibration, and may occur due to centrifugal force of winding and 

the variation of generator vibration intensity [6]. DRISC can be 

divided into two types. The first refers to the fact that during the 

rotation of the rotor, the windings come into close contact with 

high pressure under the centrifugal force, resulting in an interturn 

short circuit at the worn insulation of the line turns [7]. As the 

rotor speed decreases, this close contact pressure will decrease 

and the short circuit condition will disappear, i.e., the transient 
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interturn short circuit phenomenon occurs only when the rotor 

speed falls within a certain range. The other refers to a single or 

periodic interturn short circuit at a specific rotation frequency 

when the rotation frequency and vibration characteristics of the 

rotor change. As can be seen, DRISC only exists in a certain 

phase of rotor rotation, belonging to the period of failure 

development, but may develop into a stable RISC fault after long 

time running [8-10]. 

At present, many scholars at home and abroad have carried out 

a lot of mechanical and electrical characteristics analysis of the 

RISC fault. Q. Bin et al. found that the RISC fault of synchronous 

generator causes an increased excitation current [11]. He Yuling 

et al. obtained the effect of fault parameter development on the 

circulating current characteristics by analyzing the air-gap 

magnetic flux density under RISC [12]. Wan Shuting et al. 

established the differential equation by modeling the 

magnetoresistive network of the generator, finding that the even 

harmonic currents would appear in the stator winding when 

RISC occurs [13]. Chen Weiliang et al. proposed a modal 

analysis identification method for end windings based on the 

perturbation method for multi-cyclic symmetric structure to 

better avoid the natural frequency around 100 Hz [14]. Wu Yucai 

et al. established the air-gap magnetic flux density model for the 

cross influence of mechanical-electrical faults on generators and 

found that there is no single correspondence between RISC fault 

and the rotor fundamental frequency vibration amplitude [15]. 

Cameron A. W. W. et al. performed insulation resistance tests at 

elevated voltage in order to achieve a non-destructive prediction 

of breakdown voltage at the weakest point in the winding [4]. Li 

Junqing et al. analyzed the harmonic variation characteristics of 

the electromagnetic quantities and the pulsation characteristics of 

torque of a double fed induction generator under RISC [16]. D. R. 

Albright et al. used the method of measuring the air-gap magnetic 

flux density change rate while the rotor was at operating speed to 

achieve the detection of RISC [17]. G. J. Li et al proposed a fault 

model for RISC and analyzed the variation trends of the stator 

winding current and the exciting current [18]. 

The above literature provides a good basis for the detection 

and diagnosis of RISC fault. However, most of literature is 

devoted to the analysis of the fault characteristics after the 

development of a certain level of interturn short circuit (i.e. 

static interturn short circuit). There is still room for further 

development in the area of fault tracing and the differentiation 

of signature fault characteristics of DRISC. In fact, DRISC do 

occur from time to time due to a combination of changing 

operating conditions and centrifugal force. Therefore, it is not 

complete for the actual operation of the generator that 

considering only the static interturn short circuit of the 

excitation winding. The analysis of key fault characteristic 

parameters such as stator current characteristics under DRISC 

is important to complement the fault diagnosis criteria for 

online monitoring of rotor windings, identify faults more 

quickly and improve diagnostic accuracy. 

This paper studies the stator current characteristics of 

generator under DRISC, and find out the differences from the 

normal condition and the static interturn short circuit cases, to 

improve the RISC criterion system on the existing basis. 

2. Theoretical Analysis 

Although DRISC is a transient process, the electromagnetic 

parameters change in a similar way to the static interturn short 

circuit at the moment that the short circuit actually occurs. For 

the ease of explanation and understanding, this paper starts 

with the electromagnetic variation law of static interturn short 

circuit, then on this basis the difference between dynamic and 

static interturn short circuit will be analyzed, exploring the 

effect of this difference on the variation law of 

electromagnetic parameters. 

2.1. Impact of DRISC on MFD 

MFD can be obtained by multiplying the magnetomotive 

force (MMF) by the permeance per unit area (PPUA). As 

shown in Figure 2(a), the air-gap MFD at any circumferential 

mechanical angle α in stator coordinates can be written as: 

( ) ( ) 0, ,B t f tα α= Λ             (1) 

where f is the air-gap synthetic MMF, obtained by vector 

synthesis of the main MMF (rotor MMF) and the armature 

reaction MMF (stator MMF), Λ0 is PPUA, numerically equal 

to µ0/g0, g0 is the radial air-gap length. 

 

Figure 1. MMF vectors before and after short circuit: (a) normal condition, 

(b) short circuit case. 

RISC affects the MFD by influencing air-gap MMF. When 

RISC occurs, the number of ampere-turns at the pole where 

the short circuit is located decreases, resulting in an 

asymmetric MFD at both ends. The change in the main MMF 

before and after the short circuit is shown in Figure 2(b) and 

(c), where T is dynamic interturn short circuit period, k is the 

normal part duty cycle, △h1 and △h2 are the instantaneous 

pulsed MMF generated when the normal and short circuit 

states are transformed into each other, and the value of the 

pulse is theoretically infinite. The corresponding stator and 

rotor MMF vectors variations are shown in Figure 1(a) and (b), 

where Fr, Fs and Fc are respectively the 1st harmonic of main 

MMF, armature reaction MMF and 1st harmonic of air-gap 

synthetic MMF, E0 is the no-load potential, I is the phase 

current under normal condition, ψ is the internal work angle of 

the generator. Parameters with the number 1 in the lower 

corner of Figure 1(b) are used to represent the parameters after 

RISC. 

For ease of analysis, the occurrence of RISC can be equated 

to the addition of a reverse current to the normal excitation 

current to offset the effect of the short circuit on the original 

wire turns [14], i.e., an inverse MMF is added to offset the 
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MMF of normal operating. According to Gauss' flux theorem, 

the expression for the additional MMF generated by the 

reverse current can be written as: 
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where If is exciting current, nm is the number of the short 

circuit turns, θr is the circumferential angle of the rotor surface, 

β’ is the beginning angle of the slot where the interturn short 

circuit takes place, αr is the angle between the two slots where 

the short circuit turns are in, which are shown in Figure 1(a). 

The Fourier series expansion of the additional MMF Fd(θr) 

is: 
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As shown in the figure, static short circuit can be equated to 

the addition of a reverse step MMF to the normal MMF, and 

its superimposed MMF can be expressed as: 
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where Fn is the nth harmonic amplitude of MMF, Fdm is the 

mth harmonic amplitude generated by the short circuit turns, 

and n represents odd numbers, m represents all natural 

numbers. 

According to Eq. (4), air-gap MMF of generator only has 

odd harmonics under normal working condition. Even 

harmonics will appear on the basis of normal odd harmonics 

after static RISC. Overall, the reduction in the number of 

effective ampere turns after RISC results in the decrease of the 

overall amplitude of MMF. 

The reverse MMF signal generated by DRISC is a transient 

signal, which can be seen as a pulse signal. On the whole, it 

can be regarded as adding a reverse square wave pulsed MMF 

on the basis of normal MMF, which is expressed as follows: 
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where I represents all natural numbers, T is the DRISC cycle, k 

is the duty cycle of the normal part. 

As can be seen from Eq. (5), MMF should also have even 

harmonics in addition to the original odd harmonics after 

DRISC. An infinite MMF pulse signal will appear at the 

moment when the short circuit state and the normal state are 

transformed into each other in dynamic short-circuit cycle. 

However, the amplitude of MMF under DRISC condition 

should be between MMF amplitude under normal condition 

and RISC condition (static RISC can be considered as a 

special case of DRISC with a duty cycle of 1). With the 

variation of normal condition duty cycle in DRISC cycle, the 

fluctuation in amplitude of MMF changes accordingly. 

For the convenience of analysis, static air-gap eccentricity 

is not considered in this paper, so the PPUA Λ0 in Eq. (1) is 

kept constant. Correspondingly, the air-gap MFD expression 

can be written as Eq. (6). 

( )

( )

( ) ( )

( )

0

1 3 5

0

1 3 5 1 2 3

0

1 3 5

1 0

cos Normal

cos cos

SRISC

cos ( 1) ( 1 )
,

( 1 )

c

n

n

n dm

n m

n

n

n

F n t p

F n t p F m t p

F n t p i T t i k T
B t

h t i k T

F

ω α

ω α ω α

ω α
α

∞

=

∞ ∞

= =

∞

=

− Λ

 − − − Λ 
 

⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅

− Λ − < < − +
=

∆ Λ = − +

∑

∑ ∑

∑

⋯

⋯ ⋯

⋯

⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

、、

、、 、、

、、

( ) ( ) 0

1 3 5 1 2 3

2 0

os cos

( 1 )

DRISC

dm

n m

n t p F m t p

i k T t iT

h t iT

ω α ω α
∞ ∞

= =














   − − − Λ  
 
 − + < <


∆ Λ =



∑ ∑
⋯ ⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯

、、 、、

  (6) 

Combining Eq. (6) with the previous analysis, it shows that: 

the amplitude of the air-gap MFD will be decreased under 

DRISC, and new even harmonics will appear on the basis of 

the original odd harmonics. The amplitude of the odd 

harmonics will be decreased, while the even harmonics will 

be increased with the aggravation of the short circuit. There is 

a pulse at the moment of transition between short circuit and 

normal condition. The overall amplitude of MFD under 

DRISC is between those of normal condition and SRISC case. 

2.2. Analysis of Stator Current Characteristics 

According to Faraday's law of electromagnetic induction 

and Ohm's law, the expression of the phase current can be 

written as: 

( ) ( ),  
, m

m

B t lv
I t

Z

α
α =                 (7) 

where l is the effective length of the stator winding which 

cuts the magnetic flux lines and is approximately equal to 

the axial length of the stator core; Z is the reactance of the 

single-phase winding, v is the linear velocity of the magnetic 

field rotation [19]. 

Substituting Eq. (6) into Eq. (7), the expressions for the 
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stator current under normal, SRISC and DRISC can be further written as Eq. (8). 
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As can be seen from Eq. (8), the current of stator under 

DRISC fault depends mainly on the air-gap MFD and the rotor 

speed. Since the degree of DRISC is generally small, it will 

result in very little change in the rotor speed. Therefore, to 

ease the analysis, the rotor speed is considered to be constant 

in this paper. Thus, the change in MFD becomes a primary 

factor in determining the magnitude of the stator current, and 

its variation trend should be consistent with the current 

change tendency. 

Correspondingly, compared with normal condition, the 

even harmonics of the stator current will appear on the basis 

of the original odd harmonics under DRISC condition. The 

effective value of the stator current will be decreased with the 

aggravation of the DRISC degree. In a DRISC cycle, the 

infinite pulse of current occurs at the moment transition 

between the short circuit and normal states. However, the 

infinite pulse signal appears as a "spike" in the simulation and 

the experiment due to the discrepancy between the theoretical 

analysis and the simulation and experiment. And according to 

the above analysis, there will be a "spike" that reduces the 

current amplitude in the moment of transformation from 

normal to short circuit condition, and a "spike" that increases 

the current amplitude in the moment of transformation from 

short circuit to normal condition. The absolute value of this 

"spike" will be increased as the dynamic short circuit 

increases. In terms of the overall amplitude of the current, the 

effective value under DRISC is between those of normal 

condition and SRISC case. 

 

Figure 2. Rotor interturn short circuit and magnetic potential diagram: (a) rotor interturn short circuit, (b) air-gap MMF in SRISC case, (c) air-gap MMF in 

DRISC case. 

3. FEA and Experimental Validation 

3.1. Object and Method 

FEA and experimental verifications of DRISC and SRISC 

are taken on a CS-5 non-salient prototype generator. The 

experimental rig is shown in Figure 3(a) and the FEA model is 

shown in Figure 3(b), where L1-L5 are the interturn short 

circuit taps of the exciting winding: 0% (L1), 5% (L2), 10% 

(L3), 15% (L4), 100% (L5). 

SRISC experiment is realized by directly connecting the 

taps. The DRISC switch is controlled by a DC solid state relay 

in conjunction with an adjustable duty cycle PWM square 

wave generator, the corresponding trigger circuit is shown in 

Figure 3(d). The output voltage of the DC power supply is 

truncated and commutated by PWM to output a square wave 

voltage signal with a period of 20ms and a 15% duty cycle for 

the short circuit section. The signal triggers the opto-coupler 

within the DC solid state relay to realize the periodical 

opening and closing of short circuit without contact, so that 

DRISC can be accurately simulated. 

In order to make the setup of the DRISC in FEA identical to 

that in the experiment, the physical model coupled to the 

external circuit is used to simulate the fault. The external 

coupling circuit of the exciting winding and the armature 



 International Journal of Electrical Components and Energy Conversion 2022; 8(1): 1-8 5 

 

winding are shown in Figure 3(e) and (f), where S-A1 is a 

short circuit trigger switch, which sets the trigger voltage 

interval [Von, Voff] and cooperates with the pulse voltage 

source to control the short circuit, realizing the simulation of 

DRISC. The pulse time setting for a DRISC period is shown in 

Figure 3(c). 

Table 1. CS-5 fault analog generator parameters. 

Parameters Values Parameters Values 

Rated power 5KW radial air-gap length 1.2mm 

Rated exciting current 5A Stator slots 36 

Rated rotating speed 3000r/min Rotor slots 16 

Pole-pairs 1 Exciting turns 480 

Parallel branches 2 Synchronous reactance 2.03Ω 

Power factor cosφ=0.8 Stator core length 
130mm 

145mm 
Stator core outer 

diameter 
250.5mm Stator core inner diameter 

In FEA, the simulation of different short circuit degrees is 

achieved by varying the number of turns of the winding LF 

and the short circuit winding LF short as well as the resistance 

values of the corresponding resistors Rw and Rf. In Figure 3(c), 

Td is the delay time, Tr is the rise time, Tf is the fall time, Pw is 

the pulse width, Von is the trigger voltage of the 

voltage-controlled switch. When the voltage value of the pulse 

voltage source is greater than Von, switch S_A1 operates, i.e., 

the RISC occurs. Voff is the cut-off voltage of the 

voltage-controlled switch. When the voltage value of the pulse 

voltage source is less than Voff, switch S_A1 breaks, i.e., the 

exciting circuit returns to normal. The duty cycle of the short 

circuit and the frequency of DRISC are changed by adjusting 

the values of Pw and Period. By setting the above parameters, 

an external circuit of DRISC with a period of 20ms and a duty 

cycle of 15% for the short circuit section is generated, which is 

the same as the settings in the experiment. 

Four groups of normal, SRISC-5% (L1-L2), DRISC-5% 

(L1-L2) and DRISC-10% (L1-L3) were measured and 

calculated in experiments and FEA. 

 

 

Figure 3. Simulation and experiment set up: (a) experimental table, (b) FEA model, (c) sequence diagram of short-circuit switch triggering voltage, (d) DRISC 

trigger circuit, (e) exciting winding coupling circuit model, (f) stator winding coupling circuit model. 

3.2. Results and Discussion 

The finite element calculation results of the air-gap MFD 

before and after the short circuit are shown in Figure 3, where 

"Normal", "S-5", "D-5", "D-10" represent normal, SRISC-5%, 

DRISC-5% and DRISC-10%, respectively. As can be seen in 

Figure 4, RISC will lead to a reduction of the air-gap MFD, and 

the overall air-gap MFD curve will be "compressed". The MFD 

amplitude under DRISC is between those of normal and SRISC 
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conditions, and is close to the amplitude under normal conditions. 

Comparing the curve D-5 with D-10 in Figure 4(a), it can be seen 

that the amplitude of MFD will be decreased as DRISC increases. 

A transient pulse signal appears at the moment when normal and 

short circuit are transformed into each other, and such pulse will 

be increased as DRISC goes severer. 

Fast Fourier Transform is performed on MFD in the 

DRISC-5% case, and the spectrum histogram is shown in 

Figure 4(b). It can be seen that the second and the fourth 

harmonics will be increased after the short circuit, but the first 

and the third harmonics will be decreased. Such developing 

trend is the same as SRISC, with only the variation magnitude 

different. Due to space limit, the harmonic changes after 

SRISC are not repeated in this paper. 

 

Figure 4. Simulation results of magnetic flux density: (a) MFD at different operating conditions, (b) MFD spectrogram. 

 

Figure 5. Simulation analysis results of stator winding current: (a) phase current at different operating conditions, (b) Phase current spectrogram. 

Table 2. Spectrum analysis of flux density and stator current. 

Conditions 
1st 50HZ 2nd 100HZ 3rd 150HZ 4th 200HZ RMS 

MFD (T) Current (A) MFD (T) Current (A) MFD (T) Current (A) MFD (T) Current (A) MFD (T) Current (A) 

S-5 0.7918 — 38.7157 — 0.0112 — 1.26326 — 0.0670 — 1.17060 — 0.0062 — 0.59273 — 0.5697 — 26.86138 — 

Normal 0.8047 

↓ 

40.5429 

↓ 

0 

↑ 

0 

↑ 

0.0781 

↓ 

1.58032 

↓ 

0 

↑ 

0 

↑ 

0.5837 

↓ 

29.80139 

↓ D-5 0.7988 40.0417 0.0014 1.05875 0.0713 1.44158 0.0019 1.04832 0.5801 29.00590 

D-10 0.7952 39.7617 0.0052 1.19154 0.0698 1.36654 0.0026 1.13401 0.5736 28.85344 

 

Finite element calculation results of the stator phase current 

changes before and after the short circuit are shown in Figure 

5. It can be seen that the effective value of the phase current 

after DRISC decreases and presents a "compression" state. 

Comparing the three curves as well as their corresponding 

RMS of Normal, S-5 and D-5 in Figure 5(a) with each other, it 

is found that the current curve and RMS of DRISC are 

between those of normal and SRISC cases under the same 

short circuit degree. At the moment when normal and the 

dynamic short circuit condition are transformed into each 

other, a transient pulse of current appears, i.e., a "spike", 

which will appear, and such “spike” will be increased as the 

short circuit degree increases. Compared with the case of 

SRISC in the 9th Figure in Ref. [19], it can be seen that the 

phase current variation is slip, while the current under 

DRISC will show the aforementioned “spike”. Consequently, 

such “spike” can be used as a criterion to identify DRISC 

from SRISC.  

The spectral analysis of the stator current derived from the 

simulation is shown in Figure 5(b). According to Figure 5(b) 

and Table 2, the first and the third harmonic amplitudes will 

be decreased, while the second and the fourth harmonics will 

newly appear after DRISC. With the intensification of the 

degree of DRISC, the amplitude of the first and the third 

harmonics will be decreased, while the second and the fourth 

harmonics will be increased. Such result is consistent with the 

theoretical analysis obtained rom Eq. (8). 

The time domain waveforms and the spectrum histograms 

of the stator phase current under four experimental conditions 

of normal, SRISC-5%, DRISC-5% and DRISC-10% are 

shown in Figure 6. At the crest of the curve in Figure 6(a), the 

induced current is "Normal", "D-5", "D-10" and "S-5" in the 

descending order. 

Comparing the three current curves of Normal, S-5 and D-5 in 



 International Journal of Electrical Components and Energy Conversion 2022; 8(1): 1-8 7 

 

Figure 6(a) and their corresponding RMS with each other, it is 

found that the effective value of the stator current after DRISC is 

between normal and SRISC under the same short circuit degree. 

The current curve shows a significant "spike", which is pretty 

different from the normal and SRISC conditions. As DRISC gets 

worse, the "spike" will become higher. The first and the third 

harmonics of the phase current will be decreased, while the 

second and the fourth harmonics will be newly induced after 

DRISC. As the degree of short circuit intensifies, the first and the 

third harmonics will be decreased, but the second and the fourth 

harmonics will be increased. The above conclusions are 

consistent with the previous theoretical analysis and the finite 

element analysis data. 

 

Figure 6. Experimental results of stator winding current: (a) phase current at different operating conditions, (b) phase current spectrogram. 

Table 3. Spectrum analysis of measured stator current. 

Conditions 1st 50HZ 2nd 100HZ 3rd 150HZ 4th 200HZ RMS 

S-5 11.2477 — 0.41107 — 0.90012 — 0.5577 — 31.953 — 

Normal 12.3464 

↓ 

0.00107 

↑ 

0.95316 

↓ 

0.0163 

↑ 

35.055 

↓ D-5 12.2180 0.56218 0.90971 0.1412 34.663 

D-10 11.6612 0.61497 0.80122 0.3435 33.114 

 

4. Conclusion 

This paper presents the theoretical analysis, the finite 

element analysis, and the experimental verification on the 

stator current characteristics before and after DRISC. It is 

shown that: 

(1) After DRISC the air-gap MFD curve shows a 

"compression" trend and the amplitude will be 

decreased. The odd harmonics such as the first and the 

third harmonics will be decreased, while the even 

harmonics such as the second and the fourth harmonics 

will be generated. As the DRISC degree increases, the 

odd harmonics of MFD will be decreased while the 

even harmonics will be increased. 

(2) The overall amplitude of the stator phase current under 

DRISC is between those of the normal condition and 

SRISC case. As the DRISC increases, the effective 

value of the stator current and the odd harmonics will be 

decreased, while the even harmonics will be increased. 

(3) Compared with SRISC, the current curve of DIRSC 

shows two significant "spikes", which will become 

higher as the degree of dynamic short circuit increases. 

The results of this paper are important supplements to the 

existing research on RISC and provide a basis for the effective 

determination between DRISC and SRISC, which is of 

significance for the detection and the diagnostic refinement of 

RISC in large generators. 
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