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ABSTRACT

This paper presents a control scheme for the modular multilevel converter (MMC) to drive a variable-speed ac machine,

especially focusing on improving dynamic performance. MMC topology essentially requires advanced control strategies to
balance energy and suppress the voltage pulsation of each cell capacitor. This paper proposes a control strategy for the robust
dynamic response of MMC even at zero output frequency employing leg offset voltage injection. The ac machine has been driven
from standstill to rated speed without excessive cell capacitor voltage ripples utilizing this proposed strategy.

KEY WORDS: Multi-Level Inverter, Electric Drives, PWM Technique and Harmonics.

1.INTRODUCTION: to magnitude of the output phase current and inversely

proportional to operating frequency. For this reason,
A MODULAR multilevel converter (MMC) with focus

special effort is demanded to drive the ac machine
on high-power medium voltage ac motor drives is

through MMC, which requires considerable starting
presented. The use of an MMC makes it possible to save .
. . ] torque and low-speed steady state operation. In recent

bulky reactive components in a medium-voltage motor . - . .
q | h : ; N studies of and the principles and algorithms for ac
rive application, such as a line-transformer, harmonic . A .
PP motor drives with the MMC have been introduced.

filter, and dc-link reactor. Compared with conventional :
However, they did not address the actual control

medium voltage source converters, the MMC has a . .
strategies, such as changing output frequency,

modular structure made up of identical converter cells. . . . .
including standstill and covering load torque

Because it can easily provide higher number of voltage . . .
disturbance. The energy balancing control is one of the

level for medium voltage applications, the quality of the . .
main issues of an MMC system. In many literatures the

output voltage waveform is better. In addition, because )
. energy balancing controls of an MMC that uses

of the modular structure it has advantages, such as easy . . .
i ] circulating current control and modulation scheme have
maintenance and assembly. Theoretically, the . .
) o ] been introduced. The leg offset voltage is used to
magnitude of the cell voltage fluctuation is proportional . . .
regulate the circulating current and has little effect on ac

e
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and dc terminal voltages. The conventional balancing
controls need the circulating current controller that
produces the leg offset voltage reference from the input
of circulating current references using the proportional
and integral (PI) or the proportional and resonant
controller.

The energy balancing control is one of the main issues
of an MMC system. In many literatures [6]- [10], the
energy balancing controls of an MMC that uses
circulating current control and modulation scheme have
been introduced. The leg offset voltage is used to
regulate the circulating current and has little effect on ac
and dc terminal voltages. The conventional balancing
controls need the circulating current controller that
produces the leg offset voltage reference from the input
of circulating current references using the proportional
and integral (PI) or the proportional and resonant
controller. The performance of the circulating current
controller has detrimental effects on the dynamics and
complexity of the balancing control. Therefore, to
improve the balancing performance by increasing
bandwidth of the balancing controller, this paper
proposes a balancing control method without the
circulating current controller. Therefore, in the view
point of capacitor voltage balancing, the leg offset
voltage can be directly obtained with no phase delay
due to the circulating current controller. Therefore, the
bandwidth of balancing controller based on the direct
voltage injection method can be extended more than
that based on the circulating current controller. In
addition, the difference between the cell voltages can be
reduced faster. As a result, from the perspective of the
control dynamics and control complexity, the proposed
leg offset voltage injection method is better and simpler
than the conventional circulating current injection
method. Furthermore, the injecting frequency of leg
offset voltage injection method can be increased more
than that of current injection method, because of the
extended bandwidth of the
Therefore, owing to the high-frequency injection with

proposed method.

the proposed method, the fluctuation of cell capacitor
voltage can be minimized compared with circulating

current injection method.

LITERATURE SURVEY
Lesnicar and R. Marquardt the wind turbine, generator

and converter are usually in the nacelle on the top of the

tower, but the grid step-up transformer is placed at the
bottom and Electric power is transmitted down by the
generator through cables of high current rating which
are expensive. For the THD reduction of WECS (Wind
Energy Conversion System) 17 level MMC (Modular
Multi level Converter) technique is used. The MMC is
one of the most promising converter topologies for
high-voltage applications, especially for high-voltage
direct-current (HVDC) transmission systems. This
study presents power electronics solution in this MMC
based on a PMSG (Permanent Magnet Synchronous
Generator) design a MMC voltage source converter is
developed to synthesize a high sinusoidal output
voltage. In this system a LC Filter is used for the low
order harmonic reduction. A set of simulation results
conducted in Simulink environment.

M. Hiller discusses a transformer less shunt static
(STATCOM) based on a modular

multilevel converter (MMC). It introduces a new

compensator

time-discrete appropriate current control algorithm and
a phase-shifted carrier modulation strategy for fast
compensation of the reactive power and harmonics, and
also for the balancing of the three-phase source side
currents. Analytical formulas are derived to
demonstrate the accurate mechanism of the stored
energy balancing inside the MMC. Various simulated
waveforms verify that the MMC based STATCOM is
capable of reactive power compensation, harmonic
cancellation, and simultaneous load balancing, while
controlling and balancing all of the DC mean voltages
even during the transient states.

Proposed System Configuration:

Figure 1 shows the circuit configuration of an MMC.
This topology needs to be controlled by extra balancing
strategies. As shown in Figure 1, since the upper and
lower arm currents flow through cells in each arm, the
corresponding arm currents cause fundamental
periodic pulsations of cell capacitor voltages. The
voltage pulsation of each cell’s capacitor is mostly
affected by the output phase current and output

frequency.
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Figure 1: Circuit configuration of the MMC

The cascaded cell modules are shown in Figure 1 in
detail. In Figure 1, ixu and ixl are the upper and lower
arm currents, respectively, and ixs is the output phase
current where x" represents the u-, v-, or w-phase. The
output phase current, ixs, and circulating current, ixo,
are calculated from the upper and lower arm currents
described 1 and.2. Therefore, the arm currents can be
deduced as 5.3 ad 5.4, according to the decoupled

control scheme in [8] and [11]

c=1i, —iy 1)
. iy, Hi

i = ﬂTﬂ 2)
: 1, .

Lw = ;I.rs + Lo (3)

1, .
ol b Lo (4)

The leg offset voltage, vxo, produces a circulating

Iy =
current defined as (5), where R and L stand for the
resistance and inductance of an arm inductor when all
arm inductors in MMC are assumed to be identical.
From the voltage relationships along the x-phase loop,
the upper, and lower arm voltage references are
denoted as 6 and 7, respectively, where Vdc is the
dc-link voltage, and vxP and uxN are the upper and
lower arm voltages, respectively. The common mode
voltage, vsn, is the voltage difference between nodes s’
and n’, and vxs is the phase voltage, which is vxs =
Vmcos(wst). A detailed mathematical description of the

relationships in an MMC is given in 10.
d..
Ve = (R+ LE] Lep ©)

# ¥
,. 2 Vxn — V=0 (6)

# _— *dc £ £ £
Van = 5 + Vs + Van — Vxo @)

The instantaneous power of each arm in the x-phase can

be deduced as (8) and (9). These two equations must be

considered to understand of the proposed balancing

control.
W 1
— ap® 3 — do _ % _ oaF o L :
Pxp - vxp Lew — { 2 Vs Vin Vxl}) (: Lis + lxl})
8)
W 1
I S S de ® £ ok T ]
PRN = Vanlyg = ( 2 + Vs + Van v.'cl}) ( 2 Las + lxl})
)

In addition, the upper and lower arm energy can be
calculated by 10 and 11 respectively. Each arm energy is
the sum of the cell capacitor energies in the

corresponding arm at x-phase leg

1 b ]

E.'{p . ;Cc‘el.l E:q:l[:vzplj_ (10)
1 b ]

EKN i~ :cceLl E:[:J_('UENJ' (11)

i M
Figure 2: Proposed control scheme for variable-speed
drives. (a) Sinusoidal wave voltage injection method. (b)
Square wave voltage injection method.
In the case that the sinusoidal wave voltage is injected to
both the common mode and the leg offset voltage, the
balancing control strategy is shown as a block diagram
in Fig. 2(a). Eerr is the energy difference between the
upper and lower arms as in (12). Eerr* is the reference of
energy difference and should be set as null to keep the

balance of the arm energies

1 > b ]
Eerr = Exp - E.\cN’ = ;CEEU{[V;I}J— - :Ll[vENL)_}
(12)
PVff err in Fig.2(a) can be derived as (12) by (13)

1 . ~
Pie = Vaeks — 2Vicko  (13)

err
In the case of the square leg offset voltage injection, on
the other hand, the square wave voltage can be injected

to both the common mode and the leg offset voltage as
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shown in Fig. 2(b). In this case, v"sn* can be defined by
(14) and fh stands for the frequency of the injected
high-frequency voltage

—V_, (IJ =t< %)

~ =th

Vo = L. 1 (14)
Ven (i = t= a)

Under the assumption that the arm resistance, R, is
dominant during each given quasisteady half period,
1/(2 fh), v"xo* can be approximated as (14) from (5), (15),
and (14)

R {1y :
g _m(j Vielxs = 29:51}(0)

<
o m(%vdcixs - 2”:55}‘”) (L =t< l)

(15)
PVff err in Fig.2(b) can also be derived from (13) using
(15) similarly with the case of sinusoidal wave.
Simulink Results:

MMC has been implemented using the time-domain
simulation program, PSIM. The number of cells in each
arm, N, equals 20. Thus, the system with 120 cells was
simulated. Each cell capacitor voltage is controlled as
600 V, and the cell is composed of the half-bridge
inverter and the cell capacitance is 6000 uF. The nearest
level modulation is applied to generate the arm voltage
references and reduce the switching loss of MMC. From
the simulation results the devised method can be
applied to high-power medium voltage adjustable drive
system based on MMC.

Figure 3: Block diagram of modular multilevel

converter
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Figure 4: Simulation waveform when applying the
proposed leg offset voltage injection method with
6r/min speed and step load torque from 10% to 40% of
the rated torque. (a) Sinusoidal waveform offset voltage
injection. (b) Square waveform offset voltage injection.

The simulation result of the sinusoidal wave leg offset
voltage method, and figure 4, shows that of the square
wave leg offset voltage method. The high-frequency
(100 Hz) voltage is used to balance the arm in low the
frequency mode in both sinusoidal and square wave
cases. Before 4 s, the PMSM is controlled to be 6 r/min
with 10% load torque. At the time point 4 s, the 40%
load torque is abruptly applied to the PMSM.
Regardless of the impact of step load torque, MMC
systems with both sinusoidal and square wave cases

have successfully kept the stable operation.
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Figure 5: Simulation waveform when applying the
conventional circulating current injection method with
6 r/min speed and step load torque from 10% to 36% of

the rated torque

Figure 5, the simulation results with the conventional
circulating current injection method based on the inner
current regulating loop is shown. All operating
conditions are identical to those in figure 5 except for
the magnitude of the step load torque. For fair
comparison between the conventional current injection
and proposed leg offset voltage injection methods, the
bandwidth for the balancing controller of the two
methods is set as the same, and the frequency of the
injected component was also set as the same, 100 Hz.
The magnitude of the step load torque applied at the
conventional current injection method is 36% of the
rated torque, which is less than the proposed method

test.

CONCLUSION

In this project, a control strategy for variable-speed ac
motor drives based on MMC has been presented. To
overcome the difficulties of the power balance between
cells and arms of MMC over wide operation speed
ranges, a direct leg offset voltage injection method has
been devised. Utilizing the proposed method, the ripple
voltage of each cell of MMC has been kept within
allowable bounds under the sudden application of 40%
of rated load torque at the extremely low frequency, 1
Hz, which is <2% of rated frequency. Based on the
simulation and experimental results, it can be noted that

the control performance of the upper and lower arm

energy ripple by the proposed leg offset voltage
injection method is better than that by the conventional
circulating current injection method with the inner loop.
In addition, the variable speed ac motor drive has been
proven to work based on the switchover tactic by
testing the overall speed including standstill. The
analysis and proposed control methods are well agreed
by Matlab/Simulink validations.
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