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Abstract
Power electronic converters are an important element in the interaction between source and 
load. In fact, failures in this system often lead to bigger problems. Therefore, it is necessary 
to monitor the converter components that have the most failures. In this work, we present the 
estimation of three parameters, which are, in turn, degradation indicators of components in the 
power electronic converters: equivalent series resistance, capacitance and on-state resistance. 
Using current and voltage measurements of the Boost converter.
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Resumen
Los convertidores electrónicos de potencia son un elemento importante en la interacción entre 
la fuente y la carga. De hecho, los fallos en estos sistemas a menudo conducen a problemas 
mayores. Por lo tanto, es necesario monitorear los componentes del convertidor que tienen 
más fallas. En este trabajo presentamos la estimación de tres parámetros, que son a su vez 
indicadores de degradación de componentes en los convertidores electrónicos de potencia: 
resistencia equivalente serie, capacitancia y resistencia de encendido; usando medidas de 
corriente y voltaje del convertidor Boost.

Introduction
Given the importance of continuous and correct operation of power electronic converters 
(PECs), which are an essential part of more complex systems [1] In fact, PECs have the function 
of direct interaction between generation and load, besides, the control strategies or maximum 
power point tracking (MPPT), as with microgrids or PV systems [2].
According to [3], static PECs have component failures of 60% in capacitors, 30% in switching 
transistor, and 10% in inductors and diodes. Therefore, it is necessary to know the state-of-
health (SOH) of the PEC main components for the correct operation of the system. Indeed, 
some component parameters, such as capacitance (C), equivalent series resistance (ESR) of a 
capacitor, and on-state resistance (Rds,on) in MOSFETs, are indicators of degradation. This article 
seeks to contribute to establishing the main degradation indicators of electrolytic capacitor and 
switching transistor in a PEC. In section II, electronic component parameters that can be used 
as indicators of degradation are shown. Estimation of degradation indicators of the PECs is 
presented in section III. Finally, the expected results are shown.

Indicators of degradation
Since the capacitor and switching transistor of static PECs have the highest failure rate, some 
degradation indicators used will be shown. Electrical parameters, such as C, ESR, and physical 
parameters, such as volume, can show degradation [4]. In the case of MOSFETs, (Rds,on), 
drain-source voltage (Vds,on), and junction temperature are some indicators of degradation 
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[5]. However, the measurement of electrical parameters has the advantage of using sensors 
already available in the systems. Table 1 summary shows some degradation fault limits for the 
electrolytic capacitor and MOSFET.

Table 1 Degradation fault limits.

Parameter Limit

ESR Increase of twice the nominal value
C Decrease to 80% the nominal value

Rds,on Increase to 25% of the nominal value

Estimation of degradation indicators of the PECs
To establish the degradation indicators of ESR, C, and Rds,on, a Boost converter is used, as 
shown in Figure 1.

Figure 1. Boost converter.

Table 2 lists Boost converter parameters [6], which corresponds to the experimental setup 
available in the test microgrid developed at Laboratorio de Accionamientos Eléctricos y 
Electrónica de Potencia at Universidad del Valle-Colombia. 

Table 2 Boost converter parameters.

Parameter Variable Value Units

Switching frequency of Boost FSW 20 kHz
Inductor L 5 mH

Output capacitor C 2200 mF
Equivalent series resistance ESR 114.5 mW

On-state Resistance Rds,on 70 mW

Capacitor
There are two classical representations of capacitor degradation estimation using ESR in PECs: 
ohmic frequency range and power losses of the capacitor. 



Tecnología en Marcha. June, 2023
Vol. 36, special issue. LAEDC26

The first technique, developed by [7], evaluates voltage/current signals within the ohmic 
frequency range of capacitors. It requires a band-pass filter (see Figure 2). Where V and IC are 
capacitor voltage and current values (RMS), respectively. It is also necessary to adjust the gain 
for the input signal range in the processor that is calculating the ESR.

Figure 2. Technique of ohmic frequency range.

The second technique is proposed by [8], which avoids extensive filtering by calculating the AC 
power losses of the capacitor. Therefore, the ESR can be estimated as shown in the Figure 3. It 
also used the Rogowski coil to measure the capacitor current.

Figure 3. Technique for AC power losses.

However, it is necessary the estimation of both parameters of the capacitor for establishing 
its degradation. For example, in previous work [2], a grid-connected photovoltaic system, 
both parameters, C and ESR, of a DC-link capacitor were estimated using an electrochemical 
impedance spectroscopy (EIS) method.
Estimation errors in Matlab/Simulink using three techniques present, are 0.087%, 0.026% only 
ESR. In addition, the last technique for the parameters ESR and C are 0.53% and 0.37%, 
respectively.

Switching transistor: MOSFET
In this approach, it needs to measure the drain-source voltage (Vds,PWM-on) and drain current (Id,PWM-

on), then Rds,on is calculated, as shown in Figure 4, However, a disadvantage of this method is 
that it requires high sampling, since the measurement values of interest are when the MOSFET is 
active. Estimation error of Rds,on in Matlab/Simulink using the procedure shown above, is 4.28%.

Figure 4. Estimation of on-state resistance of the switching transistor.
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The next steps for this research are described below. Initially, in the setup experimental, 
measure the capacitor current and output voltage to get and compare the ESR with the methods 
presented. Likewise, a control strategy will be implemented. Then, the estimated values will be 
used in fault diagnosis. With MOSFETs, other degradation indicators will be evaluated using 
available measurements in the PECs.

Conclusions
This study shows some different methods to establish PEC parameters, which in turn are 
indicators of degradation. For ESR and C, the estimation errors are less than 1%, and for Rds,on 
the estimation is less than 5%. Besides, this research seeks faults-diagnosis in PECs through 
measure-based techniques of voltage and current for capacitors, and MOSFET. In addition, 
fault detection and diagnosis methods for PEC must be able to operate in real conditions, i.e., 
with regulation control or even maximum power point tracking (MPPT) function in photovoltaic 
systems. 
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Indic a tors of de g ra da tion

C onc lusions /  Ne xt Ste ps 

Introduc tion
G ive n the imp orta nc e of c ontinuo us a nd c orre c t op e ra tio n of
p o we r e le c tronic c onve rte rs (PEC s), whic h a re a n e sse ntia l p a rt
of more c omp le x syste ms [1] . In fa c t, PEC s ha ve the func tion of
d ire c t inte ra c tion b e twe e n g e ne ra tion a nd loa d , b e sid e s, the
c ontrol stra te g ie s or ma ximum p o we r p o int tra c king (M PPT), a s
with mic rog rid s o r PV syste ms [2] . A c c ord ing to [3] , sta tic PEC s
ha ve c omp one nt fa ilure s of 60% in c a p a c itors, 30% in switc hing
tra nsisto r, a nd 10% in ind uc to rs a nd d io d e s. The re fore , it is
ne c e ssa ry to kno w the sta te -of-he a lth (SO H) of the PEC ma in
c omp one nts for the c o rre c t op e ra tion of the syste m . Ind e e d ,
some c omp one nt p a ra me te rs, suc h a s c a p a c ita nc e (C ),
e q uiva le nt se rie s re sista nc e (ESR) of a c a p a c itor, a nd on-sta te
re sista nc e 𝑅𝑑𝑠,𝑜𝑛 in M O SFETs, a re ind ic a to rs of d e g ra d a tion. This
p oste r se e ks to c ontrib ute to e sta b lishing the ma in d e g ra d a tion
ind ic a to rs of e le c trolytic c a p a c itor a nd switc hing tra nsistor in a
PEC . In se c tion II, e le c tronic c omp o ne nt p a ra me te rs tha t c a n
b e use d a s ind ic a tors of d e g ra d a tio n a re sho wn. Estima tion of
d e g ra d a tion ind ic a tors of the PEC s is p re se nte d in se c tion III.
Fina lly, the e xp e c te d re sults a re shown.

Sinc e the c a p a c itor a nd switc hing tra nsistor of sta tic PEC s ha ve
the hig he st fa ilure ra te , some d e g ra d a tion ind ic a tors use d will
b e sho wn. Ele c tric a l p a ra me te rs, suc h a s C , ESR, a nd p hysic a l
p a ra me te rs, suc h a s volume , c a n sho w d e g ra d a tion [4] . In the
c a se of M O SFETs, 𝑅𝑑𝑠,𝑜𝑛, d ra in-sourc e volta g e 𝑉𝑑𝑠,𝑜𝑛 , a nd
junc tion te mp e ra ture a re some ind ic a to rs of d e g ra d a tion [5] .
Ho we ve r, the me a sure m e nt of e le c tric a l p a ra me te rs ha s the
a dva nta g e of using se nsors a lre a d y a va ila ble in the syste ms. A
summa ry of some d e g ra d a tion fa ult limits for the e le c trolytic
c a p a c ito r a nd M O SFET a re : ESR inc re a se s to twic e the nom ina l
va lue , C , d e c re a se s to 80% of the nom ina l va lue , a nd 𝑅𝑑𝑠,𝑜𝑛
Inc re a se s to 25% of the nomina l va lue .

C a pa c itor.
The re a re two c la ssic a l re p re se nta tions of c a p a c ito r
d e g ra d a tion e stima tion using ESR in PEC s: ohmic fre q ue nc y
ra ng e a nd p o we r losse s of the c a p a c itor. The first te c hniq ue ,
d e ve lop e d b y [6] , e va lua te s volta g e /c urre nt sig na ls within the
ohmic fre q ue nc y ra ng e of c a p a c itors. It re q uire s a b a nd -p a ss
filte r (se e Fig .2a ) . Whe re V a nd 𝐼𝐶 a re c a p a c itor volta g e a nd
c urre nt va lue s (RM S), re sp e c tive ly. It is a lso ne c e ssa ry to a d just
the g a in for the inp ut sig na l ra ng e in the p roc e ssor tha t is
c a lc ula ting the ESR. The se c ond te c hniq ue is p rop ose d b y [7] ,
whic h a void s e xte nsive filte ring b y c a lc ula ting the A C p o we r
losse s of the c a p a c itor. The re fo re , the ESR c a n b e e stima te d a s
sho wn in the Fig .2b . It a lso use d the Ro g o wski c o il to me a sure
the c a p a c itor c urre nt.

Ho we ve r, it is ne c e ssa ry the e stima tio n of b oth p a ra me te rs of
the c a p a c itor for e sta b lishing its d e g ra d a tion. For e xa mp le , in
p re vious wo rk [2] , a g rid -c o nne c te d p ho to volta ic syste m, b o th
p a ra me te rs, C , a nd ESR, of a DC -link c a p a c itor we re e stima te d
using a n e le c troc he m ic a l imp e d a nc e sp e c trosc op y (EIS)
me thod . Estima tion e rrors in M a tla b /Simulink using thre e
te c hniq ue s p re se nt, a re 0.087%, 0.026% only ESR. A nd the la st
te c hniq ue fo r the p a ra me te rs ESR a nd C a re 0.53% a nd 0.37%,
re sp e c tive ly.

This stud y sho ws some d iffe re nt me thod s to e sta b lish PEC
p a ra me te rs, whic h in turn a re ind ic a tors of d e g ra d a tion. For
ESR a nd C , the e stima tion e rro rs a re le ss tha n 1%, a nd fo r 𝑅𝑑𝑠,𝑜𝑛
the e stima tio n is le ss tha n 5%. Be sid e s, this re se a rc h se e ks fa ults-
d ia g nosis in PEC s throug h me a sure -b a se d te c hniq ue s of
volta g e a nd c urre nt for c a p a c itors, a nd M O SFET. In a d d ition,
fa ult d e te c tion a nd d ia g nosis me thod s fo r PEC must b e a b le to
op e ra te in re a l c ond itions, i.e ., with re g ula tion c o ntrol or e ve n
M PPT func tion in p hotovolta ic syste ms.
The ne xt ste p s for this re se a rc h a re d e sc rib e d b e low. Initia lly, in
the se tup e xp e rime nta l, me a sure the c a p a c itor c urre nt a nd
outp ut volta g e to g e t a nd c omp a re the ESR with the me thod s
p re se nte d . Like wise , a c ontrol stra te g y will b e imple me nte d .
The n, the e stima te d va lue s will b e use d in fa ult d ia g nosis. W ith
M O SFETs, o the r d e g ra d a tion ind ic a tors will b e e va lua te d using
a va ila b le me a sure me nts in the PEC s.
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Fig .1 Bo o st c o nve rte r

Ta ble I lists Boost c onve rte r p a ra me te rs, whic h c o rre sp ond s to
the e xp e rime nta l se tup a va ila ble in the te st m ic ro g rid
d e ve lop e d a t La b ora torio d e A c c iona mie ntos Elé c tric os y
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Fig .  2.  a )  Te c hniq ue  o f o hm ic fre q ue nc y ra ng e  b )Te c hnique  fo r AC  p o w e r lo sse s

Switc hing tra nsistor: MO SFET.
In this a p p roa c h, it ne e d s to me a sure the d ra in-sourc e volta g e
( 𝑉𝑑𝑠,𝑃𝑊𝑀−𝑜𝑛 ) a nd d ra in c urre nt ( 𝐼𝑑𝑠,𝑃𝑊𝑀−𝑜𝑛 ), the n 𝑅𝑑𝑠,𝑜𝑛 is
c a lc ula te d . Ho we ve r, a d isa dva nta g e of this me thod is tha t it
re q uire s hig h sa mp ling , sinc e the m e a sure me nt va lue s of
inte re st a re whe n the M O SFET is a c tive . Estima tion e rror o f 𝑅𝑑𝑠,𝑜𝑛
in M a tla b /Simulink using the p roc e d ure shown a b ove , is 4.28%.

Pa ra me te r V a ria ble V a lue Units

Switc hing  fre q ue nc y o f Bo o st 𝐹𝑆𝑊 20 𝑘𝐻𝑧

Ind uc tor L 5 𝑚𝐻

O utp ut c a p a c ito r C 2200 𝜇𝐹

Eq uiva le nt Se rie s Re sista nc e ESR 114.5 𝑚Ω

O n-sta te  Re sista nc e 𝑅𝑑𝑠,𝑜𝑛 70 𝑚Ω

Ta b le . I Bo o st c o nve rte r p a ra m e te rs

Illustration 1. Presented Poster at LAEDC 2022.


