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 Typical range of ma is 
0.8-0.85.

 mf is the dominant 
harmonic order

 L-filter can be 
designed ignoring all 
other harmonics 
provided the design 
value is taken to be 
about 20% above 
calculated value





 Typical switching frequency employed is in the 
range 5kHz – 15kHz

 Hence, the dominant switching harmonic 
content in the inverter output will be in the 
100th to 300th harmonic order.

 Ripple current injection due to this harmonic 
content in the inverter output has to be limited 
to <0.3% of rated current of the inverter. The L-
Filter has to do this since this frequency range 
will be well beyond the realisable bandwidth of 
the current control loop of the inverter.



 Lower order harmonics –like 3rd , 5th ,7th etc will be 
present in the inverter output due to blanking time, 
unequal switching delays in power devices, 
unbalanced delays in PWM generation circuitry and 
gate driver circuitry, unequal voltage drops in power 
devices etc. These harmonics may extend up to 20th in 
practice.

 With a switching frequency in the 5-15 kHz range, it is 
possible to design a current-control loop for the 
inverter that has a bandwidth around 1kHz. With this 
bandwidth, the current-control loop will reject these 
lower order harmonics provided the reference current 
given to the current-control loop is kept pure 
sinusoidal.



Consider a 10kVA , 400V Inverter working 
from 800V DC Bus. The peak value of phase 
voltage is 230V and the inverter will be 
running with ma of 0.8. Let the switching 
frequency be 10kHz.

The amplitude 10kHz component in the 
phase voltage will be 0.818x400 = 327.2V

Rated current of the Inverter is 14.4A. The 
ripple current due to 10kHz voltage has to 
be limited to < 0.003x14.4x1.414 in 
amplitude.

The required inductance will be > 85 mH.



 The 85mH in the example puts 26.7 Ohms of reactance at 
50Hz in series with the output, taking 384Vrms quadrature 
drop from inverter output and hence Inverter must be 
generating a phase voltage of 448Vrms fundamental 
component. That requires about 1600 V DC Bus !

 In other words, the required inductance value is simply too 
high and impractical.

 Conclusion : (1) IEEE 519 requirements can not be met by 
using L-Filter if the Inverter uses SPWM. (2) Even if the 
Inverter uses more advanced modulation strategies that 
result in lower switching harmonic levels, the L-Filter is 
going to be bulky, costly and lossy. Further, it will slow down 
the Vdc control loop response. (3) Hence, L-Filter is suitable 
only for inverters with low rating.







 Current Control Loop bandwidth 
has to be such that harmonics up to 
25 are handled by it properly. Thus 
this bandwidth has to be around 1-
1.5 kHz and hence Loop Gain 
Cross-over has to be at around 
1kHz with 45 deg Phase Margin.

 But for designing the loop we need 
phase angle contributed by filter at 
the design cross-over frequency.

 Hence we decide to make the LCL 
ckt behave as if it is L by keeping 
the LCL resonant frequency above 
the cross-over frequency.

 This is done by selecting the LCL 
resonant frequency equal to 
geometric mean of cross-over 
frequency and switching frequency.



 L = L1 + L2 can be found by 
using the known values of 
switching frequency voltage 
content in the inverter phase 
voltage and the allowed 
switching frequency current in 
ig .

 Let L1 = aL L2 . Then,  the value 
of aL that yields minimum 
value of C for a fixed resonant 
frequency = 1. Further, the 
value of aL that yields 
minimum value of  ripple 
current for any frequency is 
also = 1.

 Hence, 
 L1 = L2 = L/2, C = 4/L(wres)

2















POWER LOSS IN DAMPING 

RESISTOR

DESIGN EQUATIONS FOR LCL 

FILTER WITH SC-R DAMPING

 Find L & C as in the case of 

Ideal LCL Filter

 Then L1 = L2 = 0.5L

 C1 = Cd = 0.5C

 Rd = √(L/C)

 Attenuation at switching 

frequency has to be re-

evaluated and checked



 IEEE 519 Limit for >35th harmonics sets a minimum value for L –

say, Lmin

 Power frequency voltage drop across L sets a maximum value for L 

– this is usually about 0.1 pu, say Lmax

 The design procedure can - make use of any value in the (Lmin , 

Lmax ) range. 

 If L > Lmin is used, the hf current ripple injected will be < IEEE 519 

limit.

 Copper loss in L1 contains two components – loss due to power 

frequency current and loss due to switching frequency ripple 

current. Copper loss in L2 is mostly due to power frequency 

current.

 Both components of copper loss are affected by skin effect and 

proximity effect in the winding; however, copper loss due to 

switching frequency current is very much affected by these two 

effects.



 Detailed expressions for ac resistance of round conductor and foil 
windings accounting for skin effect and proximity effect are 
available in literature. Further, extensive data tables and curves 
from which the ac resistance value can be read off directly are also 
available. The information needed will be the geometrical details 
of winding and the frequency of current.

 When L>Lmin is used, copper losses due to 50Hz current increase 
in both L1 and L2 and copper losses due to switching frequency 
current decrease in L1 . Core losses due to 50Hz flux increase in 
both. Core loss due to switching frequency voltage across L1 will 
decrease since the switching frequency flux decreases.

 Hence, as L is increased above Lmin , it is possible that the total 
losses in L1 + L2 will decrease first due to decrease in copper loss 
and core loss in L1 and increase after a critical value of L due to 
increase in 50Hz related losses – that is, total loss in L1 + L2 may 
exhibit a minimum at a certain value of L. That value of L is the 
optimum choice for L.











 SC-R design is done first. Then 

Ld has to be decided. A factor, 

KLd is defined as = Rd / wf Ld

where wf is the fundamental 

frequency.

 The transfer function Vc (s)/Vi

(s) is a low pass function. The 

ratio of maximum frequency 

response gain to the DC gain 

is the Quality Factor of the 

Filter.

 Frequency response is plotted 

for various values of KLd in the 

0 to 30 range and Q Factor is 

noted in each case.



 For each value of KLd , the 50Hz 
power loss in Rd is calculated by 
solving the Filter Circuit for 
50Hz and the switching 
harmonic current related power 
loss is obtained by state-space 
simulation of the entire system. 
Thus, the total loss in Rd is 
calculated.

 Plots of Q Vs KLd show that Q is a 
minimum when KLd is around 10 
and that the total loss in Rd is 
near minimum with KLd around 
10.

 Hence KLd = 10 is accepted as 
the design value for the 
example.



 Detailed numerical simulation 
shows that the optimum value 
of KLd = 0.5ωres /ωf (which is 
around 10 in the example) and 
that the optimum value is 
independent of switching 
frequency.

 With L1 = L2 , C1 = Cd , Rd = 
√L/C , the LCL Filter with SC-R 
damping will have two real 
poles and two complex poles. 
The complex poles are at        
(-0.225 ± j 1.113) ωres 
indicating that the design 
results in a fixed damping 
factor independent of the 
choice of resonance 
frequency

 With L1 = L2 , C1 = Cd , Rd = 
√L/C , Ld = 2Rd /ωres the LCL 
Filter with SC-RL damping will 
have one real pole and two 
repeated complex conjugate 
pole pairs. The complex poles 
are at           (-0.5 ± j 0.866) ωres 
indicating that the design 
results in a fixed damping 
factor independent of the 
choice of resonance 
frequency









 In this case the LCL filter can be damped passively or 

actively.

 The final bandwidth that is required for current-control 

loop is around 1 to 1.5 kHz and hence the cross-over 

frequency has to be around 1kHz.

 Hence choose filter resonance frequency in the range 

800Hz to 1kHz 
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