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The problem of the bar breakage diagnosis in electrical enlistment confine machines 

involves expanding concern these days, because of the broadly spread utilization of these 

machines in the business. The old style approach, zeroed in on the Fourier investigation of 

the consistent state current, has a few downsides that could be dodged if an investigation of 

the transient conduct of the machine is performed. The discrete wavelet transform (DWT) is 

an ideal apparatus for this reason, because of its reasonableness for the investigation of 

signs whose frequency range is variable as expected. The paper shows how the 

investigation of the great level signs coming about because of the DWT of the transient 

beginning current of an enlistment engine permits the discovery of a specific trademark 

symphonious that happens when a rotor bar breakage has occurred. This establishes an 

elective methodology that maintains a strategic distance from certain issues that the 

customary technique infers and that can even prompt an off-base diagnosis of the 

deficiency. In the work, the utilization of the DWT for broken bar discovery is streamlined, 

with respect to specific boundaries of the transform like kind of the mother wavelet, number 

of disintegration levels, request of the mother wavelet and inspecting frequency. 
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1. Introduction 

The utilization of induction machines is widely spread in 

the industry due to its high reliability, low cost and appropriate 

characteristics for a great number of industrial applications. 

However, these machines can be influenced by certain 

shortcomings which, if not early recognized, can prompt a 

worldwide disappointment and to the interference of the 

interaction where they are included, with the ensuing monetary 

misfortunes. Prescient upkeep of this electrical machinery has 

become a field of expanding importance during the most recent 

years on the grounds that these machines regularly comprise 

basic pieces of numerous mechanical cycles. 

 

 
Fig. 1. Classical detection of broken rotor bars. (a) Loaded healthy machine, (b) loaded machine with one broken bar, (c) unloaded faulty 

machine. 

 

Among all the faults feasible to occur in induction 

machines, the rotor bar breakages constitute a nonnegligible 

percentage as Thomson and Fenger showed [1]. This can turn 

into a very perilous flaw since, in the beginning phases, it 

frequently has not an unmistakable reflect over the machine 

conduct, prompting an unexpected breakdown of the machine 

if the issue isn't recognized already. Numerous creators have 

created during the most recent many years a few techniques to 

analyze the presence of such a flaw in induction machines. In 

this specific circumstance, the old style approach for the 

location of rotor bar breakages is centered around the 

utilization of the Fourier transform to the stator current for the 

machine running in consistent state. The location of the issue is 

finished by examining two symphonious parts that show up 

around the inventory frequency segment when a rotor bar 

breakage happens. These segments are known as sideband 

segments (left and right) and their frequencies are given by (1), 

as demonstrated by Deleroi [2], fb = (1 ± 2 • s) • f, (1) where f is 

the inventory frequency and s is the slip: s = (ns − n)/ns; ns is a 

steady (the simultaneous speed) and n is the speed of the 

machine. At the point when a rotor bar breakage happens, the 

amplitudes of these segments are altogether expanded, being 

practical their utilization for the diagnosis of the breakage. This 

can be seen through examination between Figs. 1(a) and 1(b), 

which show the spectra of a solid machine and a machine with 

one broken bar, individually. This traditional methodology has 

some significant benefits, for example, the straightforwardness 

of the information obtaining frameworks and the necessary 
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programming, alongside the power of the device, which has 

heretofore given very acceptable outcomes. In any case, its 

legitimacy has a few disadvantages when the methodology is 

applied under specific conditions. This is the situation, for 

example, of light-stacked or dumped machines. In those 

circumstances, the slip s is low and the sideband parts 

essentially cover the inventory frequency. This makes hard to 

distinguish their quality and to utilize them for the diagnosis, as 

Douglas et al. commented [3].  

Also, there are different marvels, diverse to broken bars, 

for example, metal ball surrenders, voltage motions or burden 

changes that can cause the appearance in the consistent state 

current range of comparative frequencies to those related with 

the sideband segments. This is the situation when the engine 

drives gadgets like blowers, siphons and especially processes 

and different machines with coupled stuff reducers. It very well 

may be said that any outer reason fit to incite variances in the 

speed of the engine or, identically, in its force, can cause the 

presence of music in the stockpile flows, as Schoen and 

Habetler commented [4]. In the event that those sounds have 

frequency esteems near those of the sideband segments, they 

can make disarray or even lead to an off-base diagnosis. 

Figure 2 shows the comparability between the Fourier 

transform of the consistent state current for a machine with two 

broken rotor bars (Fig. 2(a)) and for a sound machine with a 

fluctuating force load (Fig. 2(b)). These and different 

hindrances drove numerous creators to zero in their exploration 

on the investigation of the conduct of the machine during the 

transient cycles to grow new strategies for the diagnosis of the 

shortcoming. A few works were centered around considering 

the activity of the machine during the startup transient as those 

by Burnett et al. [5] and Watson and Paterson [6]. These works 

proposed the identification of the left sideband segment, 

related with broken rotor bars, during this transient as an 

approach to demonstrate the presence of the breakage in the 

machine. They even proposed the convolution with a Gaussian 

wavelet to uncover the presence of this segment. Ongoing 

works by Douglas et al. [3] or Zhang and Ren [7] applied the 

wavelet transform to the startup current, in spite of the fact that 

they were centered around the varieties specifically boundaries 

of this transform, like the wavelet coefficients or the wavelet 

edge.

 
Fig. 2. (a) Sideband components due to broken bars. (b) Frequencies due to fluctuating torque in healthy machine. 

 
Fig. 3. Portable equipment for broken bar detection. 

 

A new technique dependent on the use of the discrete 

wavelet transform to the startup stator current was grown as of 

late by the creators. It centers around the investigation of the 

great level wavelet signals coming about because of the 

disintegration of the startup current during the transient, as an 

approach to recognize the presence of the left sideband part. 

The energy of these signs shows a reasonable increment when 

a rotor bar breakage has occurred. Likewise, their motions 

show a trademark design that uncovers the presence of the 

segment during the transient, since that example fits precisely 

with the frequency variety of the left sideband, as it will be 

appeared in Section 4. Consequently, the diagnosis utilizing 

those signs depends on an immediate translation of the actual 

marvel that is occurring. A significant benefit of this strategy is 

that it prompts a right diagnosis now and again in which the old 

style approach doesn't give so exact outcomes, for example, 

dumped machines or machines with fluctuating force load. This 

was demonstrated in a few examinations created in modern 

machines. Besides, the wavelet signals (estimation and high-

request subtleties) coming about because of the DWT go about 

as channels, as indicated by the Mallat calculation, permitting 

the programmed extraction of the time advancement of the low 

frequency parts that are available in the sign during the 

transient. The calculation time needed for the investigation is 

generally insignificant and, simultaneously, the proposition 

stays away from the need of perplexing calculations for the 

extraction of the development of the sign parts. This makes this 

technique reasonable for its joining in versatile condition 

observing gadgets which permit the on-line diagnosis of the 

breakage in modern machinery (Fig. 3). The plan of the 
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technique introduced in this paper can be stretched out for the 

diagnosis of different sorts of issues in electrical machines, like 

flightiness, between turn or between curl short out or metal 

balls deserts, or even could be applied to any sort of 

framework, in which an issue produces music with a trademark 

development along transient systems. The startup transient of 

an induction engine involves the time frame after it is turned on. 

During that period, the machine quickens from the stop to the 

appraised speed.  

 
Fig. 4. Startup current in a stator phase for a healthy machine. 

 
Fig. 5. Evolution during the transient of: (a) the speed of the machine, (b) the frequency of the left sideband component, (c) the left 

sideband component. amplitude-changing, 50 Hz (supply frequency) sinusoidal signal i(t) given by (2), where ˆ I (t) is the RMS value of the 

current. 

 

This signal, obtained for a specific machine, is plotted in 

Fig. 4, i(t) = √ 2 · ˆI (t) ·sen 2 · π · 50 · t. (2). At the point when 

a rotor bar breakage happens, a bending happens noticeable 

all around hole field. This twisting initiates a few frequency 

segments in the stator current range as Deleroi commented [2]. 

In consistent express, the frequencies of these segments rely 

upon the speed of the machine; among these segments, the 

main utilized for the diagnosis of broken rotor bars in induction 

machines is that known as left sideband symphonious, whose 

frequency is given by fLs = f • (1 − 2 • s) . (3) During the startup 

transient that consonant evolutes. In Fig. 5(c) is plotted this 

development, determined for a reproduced startup transient. 

This segment can be generally portrayed as a sinusoidal wave, 

the frequency of which changes ceaselessly during the startup, 

as the slip (or speed) changes. Figures 5(a) and 5(b) show the 

variety of the speed and frequency of left sideband during the 

startup, separately. The frequency diminishes from a worth 

equivalent to the stock frequency (f = 50 Hz) when the machine 

is associated, and arrives at 0 Hz, when the rotor speed is a 

large portion of the coordinated speed (s = 0.5). From this on, it 

expands again to arrive at a worth near the inventory 

frequency, when the consistent state system is reached. Since 

the adequacy of the left sideband segment is typically a lot 

more prominent than those of the remainder of the segments 

that show up because of the breakage, the startup current for a 

machine with a messed up bar can be approximated by the 

expansion of the startup current for the machine in sound state 

in addition to one side sideband consonant advancement (Fig. 

6). Nonetheless, because of the low plentifulness of the 

sideband symphonious as for the current, it isn't plausible to 

recognize straightforwardly between the current for a broken 

machine and that for a solid one. Two comparable strategies 

dependent on the use of the discrete wavelet transform (DWT) 

to the startup transient current will be applied for removing the 

sideband symphonious during the startup and permitting the 

diagnosis of the bar breakage. 

 

 

 
Fig. 6. (a) Startup current for a machine with one broken rotor bar. (b) Left sideband component. (c) Startup current for a machine in 

healthy state. 
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2. DWT Proposed Method 

First approach:  

Analysis based on the pattern of the high-level DWT 

signals. The principal approach is centered around the 

investigation of the great level detail (and guess) signals 

coming about because of the wavelet decay, whose related 

frequency groups are incorporated inside the span that reaches 

out from 0 to practically the stockpile frequency. Figure 7 

analyzes the DWT of the startup current in the instances of 

solid machine (Fig. 7(a)) and defective machine (Fig. 7(b)). For 

the broken machine it tends to be perceived how the varieties 

of the great level signs d6, d7 and a7 are orchestrated 

agreeing with the advancement of the left sideband 

symphonious frequency, plotted in Fig. 6(b); first, there is an 

augmentation in the energy of d6 (frequency band [12.8, 25.6 

Hz]). Then, the energy increase shows up in d7 (frequency 

band [6.4, 12.8 Hz]) and afterward in a7 (frequency band [0, 

6.4 Hz]). From that point onward, the motions show up again in 

d7 lastly in d6. This trademark example of the great level signs 

d6, d7 and a7 in the startup current takes into account a 

dependable diagnosis of the bar breakage.  

 

Second approach:  

Investigation dependent on the state of the guess signal 

Since as indicated by wavelet hypothesis, the estimation signal 

at level n is the collection of the estimation at level n−1 in 

addition to the detail at level n−1 (MRA calculation), it is 

required simply one sign to mirror the entire advancement of 

the left sideband segment. This sign is the guess signal whose 

related frequency band stretches out from 0 to approach f , 

being f the inventory frequency. The second proposed 

approach depends on the investigation of this sign, as an 

approach to separate the advancement of the symphonious 

and, accordingly, to analyze and measure the presence of 

breakages. Figure 8 shows this sign, acquired from 

reproductions for a solid machine (Fig. 8(a)) and for a machine 

with two broken. 

 

 
Fig. 7. High-level wavelet signals resulting from the DWT of the tested startup current for a: (a) healthy machine, (b) machine with 2 

broken rotor bars. 

 

 
Fig. 8. Simulated startup currents (up) and level 7 approximation signals (down) in the case of healthy machine (a) and faulty machine (b) 

bars (Fig. 8(b)). 

 

As it is seen, the approximation signal doesn't show any 

variety for the main case, in light of the fact that the machine 

doesn't have any bar breakage and, along these lines, the 

extent of the sideband part is unimportant. Then again, when 

there are broken bars, that sign shows an advancement that for 

all intents and purposes fits with the development of the 

sideband segment during the startup (Fig. 8(b)). It tends to be 

perceived how the frequency of this sign reductions to nothing 

and afterward increments once more. Thoroughly talking, this 

sign doesn't reflect totally the development of the consonant, 

since its frequency band doesn't reach out until the inventory 

frequency however close to this frequency. This is because of 

the nonideality normal for the wavelet separating, which causes 

the covering among groups and makes prudent not to expand 

the band close to the inventory frequency to keep away from 

this part to veil the sounds inside the nearby groups. This 

viewpoint will be underlined later. 4. Trial results For the 

approval of the strategy, a few tests were performed with a 

bunch of 4-shaft 1.1 kW mechanical induction engines. The 

rotor bar breakages were constrained in the research center, 

opening the engines and boring misleadingly the openings in 

the various bars (Fig. 9(b)). The principle qualities of the tried 

engines were: Star association, evaluated voltage (Un): 400 V, 

appraised power (Pn): 1.1 kW, 2 sets of shafts, essential 

appraised current (I1n): 2.7 A, evaluated speed (nn): 1410 rpm 

and evaluated slip (sn): 0.06. The quantity of rotor bars is 28. 

Each engine was coupled to its heap through an arrangement 

of pulleys to couple the two machines through various speed 

rates. Figure 9(a) shows the test arrangement. The heap was a 

DC machine with evaluated speed 2000–3000 rpm, appraised 

voltage 220 V, 3 kW, 1 sets of posts, excitation appraised 

current: 0.4 A, armature evaluated current: 13.6 A. The 
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stockpile frequency utilized in the investigations was 50 Hz. 

The essential current was estimated during the startup 

transient and in consistent state for the various cases tried. The 

inspecting frequency utilized for catching the signs was 5000 

examples/s. The DWT of the startup current was performed 

utilizing the MATLAB Wavelet Toolbox. 8-level and 6-level 

disintegration was acted to acquire the outcomes utilizing the 

two above remarked approaches. Daubechies-44 mother 

wavelet was utilized for the investigation. Table 1 shows the 

frequency groups relating to the high-request wavelet signals 

coming about because of the examination, as per the 

inspecting rate utilized for the tests. The cases that were 

considered are examined underneath. 

 

 
Fig. 9. (a) Experimental setup for 1.1 kW motors tests. (b) Bar breakages in the induction motor rotor. Table 1 Frequency bands for the 

high-level wavelet signals. 

 

 

 
Fig. 10. Healthy machine: (a) 8-level DWT of the startup current, (b) 6-level DWT of the startup current. 

 

Healthy machine under full load Figure 10(a) shows the 8-

level DWT of the startup current. It very well may be seen that 

the upper-level signs (a8, d8 and d7), related with frequency 

groups under 50 Hz, don't show any critical variety, aside from 

the underlying motions that last just couple of cycles. Figure 

10(b) shows the estimate signal emerging from the 6-level 

DWT (a6). No significant motions show up in that signal. From 

the two methodologies it very well may be reasoned that the 

left sideband segment, related with broken bars, is absent.  

Stacked machine with two broken rotor bars Figure 11 

shows the DWT investigation of the current. As demonstrated 

in Fig. 11(a), a critical increment regarding the sound state 

shows up in the energy of the great level signs (a8, d8 and d7). 

The motions in those signs are because of the development of 

the left sideband part during the transient. These motions 

follow a succession that is as indicated by the frequency 

development of the left sideband part remarked previously. 

Figure 11(b) shows the estimation signal coming about 

because of the 6-level decay. Since this sign reflects roughly 

the advancement in adequacy and frequency of the left 

sideband part, its energy shows an unmistakable increment as 

for the solid state. The motions that show up toward the start, 

that cover somewhat the advancement of the consonant, are 

brought about by the electromagnetic transient of the machine 

and to the boundary impact of the wavelet transform and they 

additionally show up in the sound state as demonstrated 

previously.  

 

3. Conclusion 

In this paper, two genuinely based uses of the DWT for the 

diagnosis of rotor bar flaws in induction confine engines have 

been contemplated. The diagnosis depended on the 

investigation of the great level signs acquired from the DWT of 

the startup current sign. The primary methodology was 

centered around the investigation of the great level guess and 

detail flags that contain the time development of frequencies 

underneath the stockpile frequency. These signs permit the 

recognition of the frequency advancement of a trademark 

consonant related with the breakage during the startup 

transient. The subsequent methodology depended on the 

investigation of the estimate signal, accumulation of those 

signs considered in the past approach. That sign shows the 

development, in plentifulness and frequency of the consonant 

related with the deficiency during the transient. The two 

methodologies are tried tentatively in a few cases. Moreover, 
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the utilization of the DWT was improved, in regards to the 

determination of certain boundaries like testing frequency, kind 

of mother wavelet, request of the mother wavelet or number of 

levels of decay. The proposed plans, in light of the DWT 

signals examination, can be stretched out for diagnosis and 

segregation among different sorts of flaws in electrical 

machinery.
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