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Abstract: The paper outlines a procedure for selecting capacitance and inductance for the modular multilevel converter. In the direct 

modulation method of the modular multilevel converter, sinusoidal modulating signals cause circulating currents to flow through the 

converter arms. These currents depend heavily on the component parameters of the converter, including the capacitance of the 

submodule DC-link capacitors and the inductance of the converter arms. Both components together form a series resonance circuit in 

each converter arm. It's crucial to avoid resonance in the converter arm, so it's important to carefully select component parameters 

while considering all potential resonances. This component selection process should be carried out early in the converter design stage. 
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1. INTRODUCTION 
MMC topologies are one of the most promising topologies for 

low- and medium-voltage applications because of their 

superior modularity, high reliability, flexibility, and superior 

harmonic performance [1]. The modular multilevel converter 

is the most promising topology in medium-voltage 

applications, such as motor drives [2] and power electronic 

transformers [3]. A number of articles also reported its 

application in photovoltaic systems [4], distributed energy 

storage [5], microgrids [6] and power flow controllers [7]. 
Neutral Point Clamped (NPC) converters are the most popular 

type of modular multilevel converters. The modeling of the 

three-level NPC voltage source inverter is represented 

mathematically under various fault conditions in [6]. In [8], 

different grounding architectures impacts on fault tolerability 

of NPC converters are evaluated in various fault conditions of 

AC and DC sides of the system. In [9], in order to eliminate 

dc ground currents in steady state, improve the sensitivity of 

ground fault protection in fault transients, limit the ground 

fault current, and consequently protect power electronic 

interfaces, a new grounding method for NPC converters is 

proposed. 

The full-bridge converter is widely used in medium-to-high 

power dc–dc conversions because it can achieve soft-

switching without adding any auxiliary switches [10]. IC used 

in [11] is a back-to-back connection of a full-bridge ac/dc 

converter with a half-bridge dc/dc converter through their 

common dc-link capacitor for unipolar hybrid microgrids. A 

back-to-back connection of two well-known topologies, a 

half-bridge dc/dc converter and a full-bridge ac/dc converter 

is used in [12] as an interface between AC and DC 

microgrids. 

In Section 2, the capacitance selection process for a full 

bridge modular multilevel converter is explained, and in 

Section 3, the inductance selection process is explained. At 

the end, the outcomes are summarized in Section 4. 

2. CAPACITANCE 

SELECTION  
For the capacitance and inductance selection, it is assumed: 

aci  : ac-side current and dci  : dc current. 

    sinac mv v t=  (1) 

    sin( )ac mi i t = +  (2) 

And with considering modulation index(m) 
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Modulation index gives the ratio that switches are on or off. In 

addition, current coefficient k   
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with neglecting inductor and resistor in arms, Voltage of 

upper and lower arms are: 

A. Arm’s Voltage 
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Arm’s Current, according to (2) is as follows: 
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3. Arm’s Power 

In conclusion we have: 
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Then 
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That last expression equal to zero since in steady state 

transferred power in DC side is equal to AC side. 
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And 
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Then in summary: 
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From [13] to calculate energy swing in a branch ,first zeros of 

power of upper and lower arms should be determined: 
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To calculate zeros of voltage: 

 

1
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  (10) 

And because 

  

 -1 sin 1t    (11) 

Then 

 

1
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m
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  (12) 

But modulation index is between 0 and one ( 0 1m  ), so 

(17) cannot become zero. Then arms voltage does not produce 

zeros in swing power. 

Now how about the other component: 
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Also power lower arm power: 
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Then for upper and lower arms’ power: 
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Then in conclusion: 
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And from (12): 

 
2

,

1

2

,

1

sin(2 ) cos
[ 2 .cos( )]

4 2.cos .cos

sin(2 ) cos
[ 2 .cos( )]

4 2.cos .cos

t

dc

u j

t

t

dc

l j

t

P t t
E k t

k

P t t
E k t

k

  
 

  

  
 

  

 +
= + − +



 +

= − + +
  (18) 

That also presented in [3]. And from (20): 
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For each expression: 
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And: 
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For energy of each capacitor: 

21
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Then with considering N cell in each arm of MMC, 

According to articles [13] and [14] : 
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Considering: 
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In conclusion: 
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3. INDUCTANCE SELECTION 
Inductor calculation is based on [6]. 

First based on (25) common mode energy between 

upper and lower arms is defined as: 
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This double fundamental frequency voltage creates 

circulating current following through two arm 

inductors. 
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And peak value of circulating current will be: 

 

2

2
4

f

f

U
I

L
= −

  (41) 

Then 

( ) ( )
2

2 2cos 2 cos 2
4

f

f f

U
i t I t

L
   


= − + = +

(53) 

So, the arm currents will be 
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Then by integrating instantaneous power in phase,  

the common mode energy should be edited. 
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 
  

= + + +  +  
   

 
+ + 
    (55) 

Then 

( )

( )

2

2 2

2

sin(2 )
2

1
cos(2 ) sin(4 2 ) sin(0)

2 1 2

cos 2

f dc

f fs
CM

dc f

U i
t

U IP
P t t

V I t

 

   

 

 
+ + 

 
    

= + + + +    
    

 + +
 
    (56) 

 
E P=    (57) 

Then 

( )

( )

2

2 2

2

(2 )
2 2

sin(2 ) cos(4 2 )
4 2 4

sin 2
2

f dc

f fs
CM

dc f

U i
Cos t

U IP
E t t

V I
t

 


   
 

 


 
− + + 

 
  

= + + − +        
 
+ + 
    (58) 

With considering just the peak value of circulating 

current, then: 
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2

2
4

f

f

U
I

L
=

  (59) 

Then  

( )

( )

2

2

2

2

(2 )
4

sin(2 ) cos(4 2 )
4 8 4

sin 2
2 4

f dc

fs
CM

dc f

U i
Cos t

UP
E t t

L

V U
t

L

 


   
  

 
 

 
− + + 
 
  

= + + − +        
 
+ + 

     (60) 

Finally: 

( )

( )

2

2

2

2

2

2

(2 )
4

sin(2 ) cos(4 2 )
4 32

sin 2
8

f dc

fs
CM

dc f

U i
Cos t

UP
E t t

L

V U
t

L

 


   
 

 


 
− + + 
 
  

= + + − +    
   

 
+ + 
     (61) 

To make it comparable with [6]: 

( )2

2

2

2

2

2

sin 2
8

sin(2 ) (2 )
4 4

cos(4 2 )
32

dc f

f dcs
CM

f

V U
t

L

U iP
E t Cos t

U
t

L

 


   
 

 


 
+ + 
 
  

= + + − + +  
   

 
− + 
    (62) 

Third and fourth terms can be neglected compare to 

second term [6], then 

( )2

2
sin 2

4 8

dc fs

CM

V UP
E t

L
 

 

 
+ + 

   (63) 

Double fundamental frequency voltage  2 fU
 will 

distribute evenly among 2N cell in steady state 

situation. Then submodule capacitor voltage become: 

( )
2

(t) sin 2
2.

f

c c

U
u U t

N
 = + +

 (64) 

where Uc is the dc component of the capacitor voltage. 

dc

c

V
U

N
=

  (65) 

N is the number of submodules per arm. Thus, the total 

energy stored in the phase unit j can be calculated as: 

2 2

phase, 0 0

1
2 (t) (t)

2
j c cE N C u NC u=     =

 (66) 

With substituting: 

 
( ) ( )

2

0 22 2

phase, 0 0 2 sin 2 sin 2
4.

f

j c c f

C U
E N C U C U U t t

N
   =   + + + +

 (67) 

Comparing:

( )

( ) ( )

2

2

2

0 22 2

phase, 0 0 2

sin 2
4 8

sin 2 sin 2
4.

dc fs
CM

f

j c c f

V UP
E t

L

C U
E N C U C U U t t

N

 
 

   

  
+ +  

  



=   + + + +
 (68) 

The double fundamental frequency component should 

be equal to second term in phase energy: 

2

0 224 8

dc fs

c f

V UP
C U U

L 
+ =

  (69) 

Thus: 

2 0 24 8

s dc
f c

P V
U C U

L 

 
= − 

   (70) 

Then from (70): 

( )

0 2
2

2

2 2

0
0 2

4 8

4 4

1 1 1

216 8

8

s dc
c

f

f

s

s

dc c dc
c

P V
C U

U L
I

L L

P
P

VL LC U V
C U

L

 

 

 



 
− 

 
= =

= =
  −

− 
   (71) 

To derive x(t), differential equations with time varying 

coefficients should be solved. Then, x(t) is used to 

calculate currents and voltages of the PESs in normal 

condition [15]. Based on the proposed method in [16] to 

identify an AOV to voltage sag in case of SPG fault 

occurrence, the first principle to design the parameter of 

the arm inductor at a given circulating current peak 

value can be derived as: 

2

20

1

28

s

dc

fc

P
L V

IC U

 
= + 

 
    (72) 

4. CONCLUSION 
In this paper the high-power inverter parameter 

selection procedure has been proposed. The method 

involves two steps. The first step is devoted to arm 

capacitance selection, which depends on the rated 

converter power and its voltage, and the second step is 

devoted to inductance selection. 
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