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inverteris v (t) =v1 (t) + v2 (t). By opening and closing
the switche®f H1 appropriately, the output voltagé can
be made equatio —Vdc, 0, or Vdc while the output voltage
of H2 can be made equato —Vvdc/2, 0, or Vdc/2 by
opening and closing its switches appropriately.

3. Hybrid Multilevel VSC with AC-Side
Cascaded H-Bridge Cells

The Fig.1 shows single- phas&a hybrid multilevel VSC
with N H-Bridge cells per phasét can ableto generate
4N+1 level at converter terminal* a relative to supply
midpoint“ 0 Therefore, with a large numbef cells per
phase, the converter will produce a pure sinusoidal voltage
to the converter transformer.

The H-bridge cells between M’and“ a d@re operatedsa
series active filteto attenuate the harmonids voltage
produced by two level converter bridgeln order to
minimize the conversion lossés the H-brid S, the

converter. Here a seven ¢
capableto provide 29 level
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Figure 1: Single phase representatioha hybrid
multilevel VSC with N H-Bridge cells per phase

The dc fault reverse-blocking capabilitgf the proposed
HVDC systemis achievedy inhibiting the gate signal®
the converter switches, therefor® direct path exists
between theac anddc side through freewheel diodes, and
cell capacitor voltages will oppose any current flow from
one sideto another. Consequently, witio current flows,
thereis no active and reactive power exchange betwaen
and dc side duringdc-side faults. Thisdc fault aspect
means transformer coupled H-bridges careatised. The
ac grid contributiorto dc-side fault currents eliminated,
reducing the riskof converter failure dueo increased
current stressei the switching devices durindc-side
faults. From the grid standpoint, thdc fault reverse-
blocking capabilityof the proposedHVDC system may

improveac network voltage stabilitasthe reactive power
demand at converter stations duringlc-side faults is
significantly reduced. Theac networks see the nodes
where the converter stations are conneetgdpen circuit
nodes during the entiredc fault period. However,
operationof the hybrid multilevel VSC requires a voltage-
balancing scheme that ensures that the voltages across the
H-bridge cells are maintained,¥N at under all operating
conditions, wherés the totaldc link voltage. The H-bridge
cells voltage balancing schenwerealizedby rotating the
H-bridge cell capacitors, taking into account the voltage
magnitude of each cell capacitor and phase current
polarity.

4. Controlling Technique

N | gystem layers. The inner control
e esentﬁ e /modulator and capacitor voltage-
anisp that generates the gating signals for
\%’} witches and maintains voltage balarfice
|d e | capacitors. The intermediate control

operating range and restraints converter station current
injection intoac network during network disturbances such
asac anddc side faults. The outer control layisrthe dc
voltage (or active power) andc voltage (or reactive
power) controller that provide set points the current
controllers. The inner controller has only been discussed

a level appropriateto power systems engineers. The
intermediate and outer control layers are preseirted
detail to give the reader a sene€ HVDC control system
complexity. The current, power, andc link voltage
controller gains are selected using root locus analysis,
basedon the applicable transfer functions. Somkthe
controller gains obtained using root locus analysis give
good performancen steady state but failetb provide
acceptable network disturbance performance. Therefore,
the simulation final gains used are adjusitecthe time
domainto provide satisfactory performance over a wide
operating range, includirac anddc side faults.
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TABLE Il
CONVERTER TRANSFORMER PARAMETERS

Transformers | and 2
Power rating

Voltage ratio

Per unit impedance

68TMA
330KV/400KV
(0.0008+j0.32)

TABLE III
TRANSMISSION SYSTEMS PARAMETERS

Lines parameters {based on lumped z model)

ac line length 60km

ac line series impedance (0.0127410.2933)€¥km
ac line shunt capacitance 12.74nF/km

de transmission distance 75km

dc line series resistance 13.9mlkm

dc line senies inductance 0.139mH/km

dc line shunt capacitance 0.231uF/km

o4

PCC1

W-JSr >

5. AC Faults

During the fault period the power commatadconverter 1
is reducedn proportionto the reductiorin the ac voltage
magnitude (thisis achievedby sensing PCC2 voltage).
This is to minimize the two-level converteic link voltage
rise becausef the trapped energin the dc side, since
power cannotbe transferredas the voltageat PCC2
collapses.

Herein this topologyan additionalP| regulatoris usedto
ensure that the cell capacitors are maintaiaeddc/N.
Hence by considering voltage magnitudef each cell
capacitor and phase current polarity, the H-bridge cells
voltage balancing scheme che realizedin rotating the
H-bridge cell capacitors.

Pccz

Conve rter2 —'-(_1_“:——'*

|
\—l fault

- -\j O_... Converter 1

Transformerl

T 1*-fD merl

(e2)

Figure 3: Test network (ﬁ illistrate t eWul ilevel v ta@| urge convetBrDC systems

U"

6. DC Faults

The inherent current-limitin

. 7. Simulati
i imiti c ab"y)f e hybrid
multilevel VSC withac-side cascad jdge

permits the VSC-HVDC syste Q’I G-Slde
faults will be demonstrated here. e t
subjectedo a140mssolid poleto-pole dc-si
location indicated .During thdc-side fault perlo ;
power exchange between the two grids @&nceducedto
zero. This facilitates uninterruptable system recovery from
the temporarydc fault with minimal inrush current, since
the power paths between theo n v e actanddc’ sides
are blocked (by inhibiting all converter gate signats)
eliminate a grid contributioto thedc fault.

This contribution creates a noticeable reductiothe cell
capacitor voltages during system restart. The cell
capacitorsof converter 2 that regulatdc link voltage,
experience a larger voltage dip than convettewhich
regulates active power. However, the reductionH-
bridge cell capacitor voltagess minimized if large
capacitancés used.

p\ﬁly IS

- Figure 4:DC Iink-voltages-
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Figure 8: Active and reactive powerd PCC2

Figure 5: Voltage and current waveformrasPCC1

8. Conclusion

This paper presented a new generation VSC-HVDC
ansmission system basedn a hybrid multilevel
- converter,_ withac-side cascaded H-bridge cells. The main

IJ S rdvﬁage e proposetHVDC system are:

Pot r@ all fogtprint and lower semiconductor losses
apare®o presentHVDC systems.

systems suchas four-quadrant operation; voltage
= support capability; and bjack-start capability, whish
Agction of weak ac networks withno

and converter fault management

Figure 6: Voltage and nt waveforrag P2 stento oper orgnally during failuref a few
( [ i ce fa cell bypass mechanism
r €

sid¢ faults (symmetrical and

cal.
hf}t\ev se blocking capability that allows
vertgr iong’block the power paths between the
% Ideg” duringdc side faults (active power
% nac afiddc sides, and reactive power exchange
een~a converter station aad networks), hence
ehintinating any grid contributioto thedc fault current

e).
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