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Abstract

Neutral point clamped multi-level inverter (NPCMLtas a wide application prospect in high-voltage an
adjustable speed drive systems due to its lowsstrasswitching devices, low harmonic output, amdpse
structure. However, the problem of performancendfiction motor needs to be solved when the Sinasoid
pulse width modulation (SPWM) is implemented ontredupoint clamped inverter. In this paper, a space
vector modulation (SVM) system is proposed for me¢hHlevel neutral-point-clamped (NPC) inverter with
an induction motor as load. Consequently, the aépwint potential unbalance, the/dt of output voltage
and the switching loss are restrained effectivahd desirable dynamic and steady-state performanfces
induction machines can be obtained by SVM based biitdpare to the SPWM based inverter.

Keywords: Neutral Point Clamped Inverter, Total Harmonictbison, Sinusoidal Pulse Width
Modulation, Space Vector Modulation.

1. Introduction

Motor drives are popularly applied in air-conditiog, fans, pumps, compressors, chillers, escalators
elevators and industrial drives. One of the comrand most popular drives with real applicationshis t
induction motor drive (Syed Abdul Rahaman Kasdtifail 2009). Three phase induction machine is most
widely used in industry because of its simple camtsion, reliable operation, lightness and cheagpnes
(Muhammed Safian Adeet.al2009). The AC induction motor drive is the fastgsiwing segment of the
motor control. The most economical IM speed contrethods are realized by using frequency converters
Many different topologies of frequency convertere groposed and investigated (Mohan M. Renge
&Hiralal M.Suryawanshi 2008). However, a invert@ensisting of a diode rectifier, a dc link and adeul
Width Modulated (PWM) voltage source inverter i€ tmost applied used in industry. But the major
disadvantage is the less performance due to théetwed inverter. To improve the performance of iction
motor a multilevel neutral point clamped invertathaspace vector modulation is proposed (Rajesh &um
et.al 2008). One of the multi level structures that amed much attention and widely used is Neutral
Point Clamped Inverter. With the traditional methdde standard voltage source inverter (VSI) is
composed of only one switching cell per-phase. iBuhe field of high power drive systems, the legél
DC bus voltage constitutes an important limitatmnthe handled power. On the other hand, the vigty h
dv/dt generated by the two-level VSI with high D@kl voltage is responsible for the electromagnetic
interference (EMI) and motor winding isolation se So the multi-level VSI is widely studied in khig
power/voltage ACdrive. For the three-level VSI, the voltage streswitch is the half of the two-level
inverter for the same DC voltage, and generategidvarmonics at the same switching frequency (Wei
Feng Zhang & Yue Hui Yu 2007). SVM has the advaatefjlower harmonics in addition to the features of
complete digital implementation by a single chigrmprocessor. Thus, SVM is advantageous over phase
control and PWM. The performance of Space Vectodidation technique and Sinusoidal Pulse Width
Modulation is compared for harmonics, THD, outpoktage and motor performance (Jin-Woo-Jung 2005).
The performance of the three-level inverter maiidpends on the PWM algorithm. A typical SVM uses
the nearest three output vectors (the nodes offridmegle containing the reference vector) to apjmaxe

the desired vector. When the reference vector dsafrgm one region to another, it will induce amnugi
change in the output vector. The switching sequexmtk switching-time of each state are determined by
acquiring the volt-seconds produced by switchingtmes equal to the reference vector. However, the
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computational complexity is greatly increased with increasing number of the voltage vector, arnisl dt
main limitation of the application of SVM. In thigaper, the comparison of sinusoidal PWM and space
vector modulation PWM of neutral point clamped feduction motor is done. This comparison mainly
based on the performance of induction motor.

2. Neutral Point Clamped I nverter

The conventional three-level NPC inverter is shawrnthe Figure 1 with this inverter topology, it is
possible to produce three voltage levels at thpuiudf inverter leg, namely,M2, 0 and 2\/2.

2.1 Principle of Operation

The conventional three level NPC inverter has 2itching state. These 27 switching states are dledsi
into three groups A, B and C. When switching stategroup A are used in a three-level NPC invettee,
load is connected between the terminal P and Noagither one. In this case, the current through the
capacitors will be equal and there will not be apitage unbalance problems, in the capacitqrar@ G.
When the switching states in group B and C are tdisethverter control, the neutral point is conrestt
along with the terminals P and N to the output Idadhis case, the currents flowing through thpagitors
will be different and this will cause a voltage afdnce. In the proposed topology, only one actbléage
source of \/2 is used. The rated DC link voltage can be olethiny switching the voltage source between
the top capacitor (§ and the bottom capacitor {Gvith a duty ratio of 0.5. The capacitors will cha to
V4d2 with a constant frequency irrespective of thadlacurrents. Therefore the load current flowing
through the capacitors will not create any neybht fluctuations. Here, the diode bridge rectiféand
filter capacitor G is used as input voltage source. To switch théagel source between the capacitors C
and G, two extra switches and two extra diodes are reduias shown.

3. Space Vector M odulation

The Space Vector is defined as the vecta Réving a magnitude of “3/2) and rotates in space at a
frequency of &” radians per second. Space Vector Modulation (SWHWefers to a special switching
sequence of the upper three transistors of a fiiteee power inverter. It has been shown to gentsse
harmonic distortion in the output voltage whictsigoplied to the grid. For the operation of 3-lewekrter,
there are 3 switching states for each inverter[lep;[O] and [N]. [P] denotes that the upper twaitshes

in leg A are ON and the inverter terminal voltaye, is Va/2, While [N] means that the lower two switches
are ON with a terminal voltage of 3¥2. Switching state [O] signifies that the inneotawitches are on
with the terminal voltage equals to zero. Thereatetal of 27 combination of switching states IRPC
inverter (Jose Rodriguez 2002, Zeng Peng, F 208bnGvic. N & Boroyevich.D 2000).

3.1 Steps to Implement Space Vector Modulation
« Five steps can be identified to implement the spactor modulation for inverters
« Definition of the possible switching vectors in ttput voltage space.
¢ Identification of the separation planes betweerstators.
« |dentification of the boundary planes in the outpeitage space.
« Obtaining of the decomposition matrices.
«  Definition of the switching sequence.

3.2 Analysis of SVM Technique
The Space Vector Modulation methodnsiders this interaction of the phase and opémihe harmonic
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content of the three phase isolated neutral lohd.tliree phase sinusoidal voltages are given jr(Z},)(3)
and the balanced voltage is given in (4) as shosiowp

Vo = Vpoos(2rf.t) (1)

Ty = l&cus{Eﬂrf.t—!—j (2)

Ve = Vimcos (2nf.t —55)

®3)

7=

1 |k

[Uan + AVpn + a: Uan]
(4)

Thus in SVM the voltages across each switch isesprted as a vector and they are projected in dpace
form a hexagon with six sectors which are equaljdéd as shown in Figure 2. The six voltage vextme
represented as V'V, Vi, V4, Vs, and . These six vectors are called as the active veetnd there are
another two vectors gy V; merely called as zero vectors. Thus the presehzero vectors makes SVM to
be unique control algorithm compared other pulsdtiwvimodulation methods (Cataliotti ét.al 2002).
Figure 2 shows the space vector of voltages athesswitches. A space vector can be generally expce
in terms of the two-phase voltages in th¢ plane

Vi) = V(e + ()

7oo—2ec_ g¥oc_ 2 %pey_ Iy i3 5
[r’j_![! —a—--a .,]_!DC'{“ ©)

The corresponding space vector, denoted\dE, can be obtained by,
7 = V.0l (6)

Following the same procedure, all six active vectan be derived

T
Jk 1}3

Vi == Vpc.e @)

1 -
Vpp = ;medmn{vm,waﬂ,vm] (8)
Vgg = Van + Vg 9
Fpg = Vo + Vg (10)
Veg = Ve + Vg (11)

Double edge modulation of reference voltagg vy, andv,are equal and they are expressed as (9), (10)
and (11).
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3.3 Equation Governing Space Vector Modulation

To implement the space vector PWM, the voltage gopsin the abc reference frame can be transformed
into the stationary dq reference frame that coms$tthe horizontal (d) and vertical (q) axes deggcas
shown. Figure: 3 Representation of two referenamés. From the Figure 3, the relation between ttvese
reference frames is shown in (12)

qun = K:fape

Where,
" 1 —1{2 —lll,r2
KE,=Z| 0 V32 372 (12)
1_';2 1_';2 1_';2

Therefore, space vector PWM can be implementedéydllowing three steps as follows,
Step 1: Determine / Vg, Vier, and angled):
From the Figure 4,

-1
[Vd Y T Vﬂn]
== P (13)
V:| 3 W3 W3 bn
i 0 7 2 Ve
S
Vel = JVa* + 07 (14)
Ya
S =tan~?! [T = wt = 2nft
Vi

Where f= fundamental frequency.
Step 2. Determine time duratio, Ty, To:
From the Figure 5 the switching times are give(il®), (16), and (17) as,

Ta = ”'S:j'f"f' sin(Z - 6) (15)

rp = BTl (16)
Var

Tl:l = Ts - Ta - TEI (17)

Where,
Ty Voo = @ T, 4 Ty T 4T, )
Step 3. Determine the Space Vectors, SwitchingeStaind On-State Switches which is shown in tablel

Thus based on the above three steps the algorith8pace Vector Modulation is implemented and the
distortion less three phase voltages are obtained.
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4. Simulation Results

The simulations tests are carried on with the patars of 7HP induction motor and the results are
displayed in graphical format and the parameteesd uare also displayed. The sinusoidal PWM based
neutral point clamped inverter fed induction mdtas been simulated and the simulation circuit @sh

in the Figure 6. Similarly figure 7 shows spacetoeenodulation based neutral point clamped inveligdr
induction motor. In this simulation totally twelwimber of switches are used for entire three phgstem.
Figure 8 shows the simulation diagram for spaceoremodulation of neutral point clamped inverter. |
this each sin wave generator displaced by 120 redatidegrees to generate three phase waveform. The
output waveform obtained from the SPWM based NR@rier with three phase induction motor is shown
in the Figure 9. From this figure it clearly shothat the output has magnitude of phase voltage 28tV
three level. Similarly Figure 10 shows output agk wave of SVM based inverter fed induction motor.
The Figure 11 and Figure 12 shows the speed, tarqdestator current waveform of induction motor for
both SPWM based NPC and SVM based NPC. It depietisthe in SPWM based inverter the speed takes
0.4msec to attain its steady state, torque takéSntsec to settled down its steady state and Hterst
current reaches its steady state 0.42msec. Busibg the space vector modulation PWM for neutrahtpo
clamped inverter speed, torque and stator cureathes its steady state at 0.3mecs. From the Fysan

the total harmonic distortion produced by the S\Awbetter than the SPWM based neutral point clamped
inverter, which is shown in figure 13 and 14.

5. Conclusion

Space vector modulation is an important methocettegate pulse widths for neutral point clamped itere
for an induction motor drive system. The main ad&ga is its high performance and simplicity. Whiea t
sinusoidal pulse width modulation is implementedhe three-level neutral-point clamped invertere Th
induction motor performance is reduced comparatiedSVM based neutral point clamped inverter.  This
approach provides very quickly settled performafarespeed, torque, accurate and stator currennof a
induction motor. And also total harmonics distamtiproduced by the SVM based neutral point clamped
inverter is low compare to THD produced by the SPWaked inverter. However the performance of
induction motor and THD can be further improvedigreasing the level of inverter with same topology
using cascaded H-bridge inverter.

Appendix

Motor Details

Rotor Type: Wound

Power, Voltage and Frequency: 3730 W, 400 V anti50

Stator Resistance and Inductance: 1€1ARd 0.00597@
Rotor Resistance and Inductance: 10Q&®hd 0.00594%
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Figure 2. Projection of Voltage Vector
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Figure 7. Simulation diagram SVPWM based NPC irerefiéd Induction motor
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Figure 10. Simulation phase output voltage wavefofif8VM based NPC fed induction motor
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Figure 14. FFT analysis of SVM based NPC fed Inidmcinotor
Table 1. Space Vectors, Switching States, and @te Switches
Switching State Vector
Space Vector (Three Phases) On-State Switch Definition
Zero Vector ¥, [PPP] S1. S, S Vo=0
[O00] S4s Sy o
. . 2 ‘
Active Vector V) [POO] Y e V= = V,el®
" ; 2 ‘
Vs [PPO] Sy, 85,8, V,= = Vel
< = 2 20
1S [OPO] S4. 83,5, V= T Vieli=S-
" ) = 2 g
7 [OPP] 84, 83, 55 Vy= T Viel=
s = 2 4
Vs [OOP] Sy Sg. S5 Vs= 2 Vae'5
3
_ _ 2 Sir
Ve [POP] 81586, S5 Ve= 3 Viel 5
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