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ABSTRACT. This article proposes the mew technique of the PWM oscillation based on
phase locked loop that controls the inverter. The PWM works together with push-pull
where it is connected to the step-up transformer. The advantages of proposed technique
are that the PWM circuit is non-complicated of structure and that the PWM circuit
can prevent from a noise signal. In addition, a carrier frequency can be adjusted at a
frequency running with the VCO of a phase locked loop. The PWM output which is
obtained from the push-pull inverter has high symmetry voltage. Ultimately, the PWM
is passed through the LC low pass filter where high pure sine wave signal occurs. As a
result, the total harmonic distortion (THD) is decreased which is equal to 2.27%. Due to
the related proposed technique, the output voltage requlation is improved and the dynamic
response of a step load change is also improved.
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1. Introduction. Nowadays, the power generation from renewable energy is interesting,
namely solar energy, wind power, water power, etc. The power energy output obtained
from renewable energy has low DC voltage. Therefore, the DC-to-AC inverter has a role
on DC to high AC voltage conversion by switching technique. The inverter that has
been continuously developed is controlled by pulse width modulation (PWM henceforth).
To illustrate, the PWM is constructed by microcontroller in order to control an inverter
[1-4], the PWM is constructed by SPWM [5-8] and the PWM is constructed based on
delta modulated PWM [9]. Moreover, each principle provides different advantages. One
of the PWM oscillation principles is the application of PWM with phase locked loop
(PLL henceforth) [10]. The advantage of PLL is to be able to eliminate as better with
noise signal. The PWM application based on PLL is used with a Class-D amplifier [11].
However, the PWM based on PLL principle has not been used for controlling the inverter.

In this article, the new technique of the PWM oscillation based on PLL that controls
the inverter, is proposed. The PWM works together with push-pull circuit where it is
connected to the step-up transformer. The advantages of proposed technique are as follows.
The PWM circuit is non-complicated of structure and the PWM circuit can prevent from
a noise signal. In addition, a carrier frequency can be adjusted at a frequency running
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with the VCO of a phase locked loop. The PWM output which is obtained from the push-
pull inverter has high symmetry voltage. Ultimately, the PWM is passed through the LC
low pass filter where high pure sine wave signal occurs. As a result, the total harmonic
distortion (THD) is decreased. Thus, it can be concluded that the proposed pure sine
wave inverter is ideal for the photovoltaic power system in residential applications.

2. Conventional Pulse Width Modulation for Single Phase Inverter. The con-
ventional PWM that is employed to control the inverter consists of the PWM oscillation,
the gate driver circuit, the push-pull switching that works together with step-up trans-
former, and the LC low pass filter. This system is illustrated in Figure 1.
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F1cURE 1. Block diagram of conventional PWM control

The PWM oscillator is generated by a comparison of voltage between the triangular
signal as carrier and the sine wave as information. The PWM is passed through the
push-pull circuit that works together with the step-up transformer. Then, the PWM is
transferred to the secondary winding. Thus, the relation is

EVpem(t) N kVpe i (sin(nwot) — sin(nw,t — nwokm(t)))

Vpwum(t) = (1)

T s n
n=1
where Vpe is a voltage of renewable energy, k is a transformer ratio, wy is a frequency of
carrier signal, m(¢) is an information signal and 7" is a period of carrier. From Equation
(1), it consists of two terms, which are m(¢) and high frequency components. Therefore,
the PWM is passed through the LC low pass filter. As a result, the high frequency
components are eliminated. Furthermore, the information input is fed to the system that
is sine wave signal m(t) = E cos(w,,t). Thus, Equation (1) becomes
EVpeE cos(wpt)

Vo(t) = 7 (2)

Equation (2) is the voltage of pure sine wave that achieved an inverter output. However,
a conventional PWM was a large circuit. While the frequency of carrier was adjusting,
the structure of carrier oscillator was also modified a circuit.

3. Pulse Width Modulation Based on Phase Locked Loop Technique for Single
Phase Inverter. In terms of the inverter, the PWM based on PLL is proposed which is
illustrated in Figure 2.

The PWM technique is constructed based on PLL which consists of an FM modulation.
The PLL principle is divided into 2 phases. At first, if there is the absence input, VCO(I)
will oscillate at some frequency. Then, a sine wave input is entered into the circuit. The
result that is VCO(I) can cause the FM modulation oscillation. To compare the phase of
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FiGURrE 2. Block diagram of a PWM based on PLL

¢I,(S) PD ¢D(S) V,,,,,,‘\,(S) LPF

O e L)

;\L 1+ Gs

4,(s) % .

veon o, (5§ V()

v

FI1GURE 3. The structure of a PWM based on PLL

the FM modulation with VCO(II) output, the PWM output would be varied regarding
the input of VCO(I). Therefore, the structure of a PWM based on PLL is given in Figure
3.

From Figure 3, the structure of a PWM based on PLL is composed of a VCO(I), a
phase detector (PD), a low pass filter, a VCO(II), and an integrator. It is noted that the
notations are: ¢;(s) is a phase input function, ¢,(s) is a phase output function, ¢p(s) is
a phase difference function, Vi (s) is a loop filter output, w,(s) is a frequency output of
VCO(II), w,(s) is a running frequency of VCO(II), k4 is a gain of phase detector, k, is
a gain of VCO(II), A is a gain of Vpyu(s), B is a gain of attenuators circuit and C'is a
gain of an integrator. From Figure 3, the relation of the system can be written as

ABCkak,p,(s) _ ABCkgk,0i(s) = Cuw(s)
s(1+Gs) T 0o(s) = s(1+Gs) s 3)
where K = ABCkyk,. Then, Equation (3) is rewritten as follows:
G5200(5) + 500(5) + Kpo(s) = K¢i(s) + Cw,(s) + CGsw,(s) (4)

By taking inverse Laplace transform of both sides of Equation (4), whereat w,(t) is a
constant running frequency, Equation (4) becomes

Pho(t) | doo(t) _
T TE(t) = Kei(t) + Cwi(t) (5)

From Equation (5), the solution for ¢,(¢) can be determined by solving this differential
equation, of which, the forced response is particularly considered. To determine the forced
response, ¢;(t) is assumed as ¢;(t) = w;t + 0; where w;(t) is an input frequency. Then,
¢o(t) = at + b is assumed where a and b are constants. By replacing ¢;(¢) and ¢, () into
Equation (5), it becomes

G

_= (6)
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Therefore,
w; Cuw,
Op(t) = ¢i(t) = @o(t) = 7= — —- (7)
From Figure 2, the output of VCO(I) is input signal which delivers to a PD of PLL.
If the input signal v;(t) is sine wave signal, then the VCO(I) functions as a frequency

modulator (FM). Thus, the phase of FM signal is shown as follows:
gbfm(t) = wct + k‘f / ’U,(t)dt (8)

where ¢,,,(t) is a phase of FM signal, w, is a running frequency of VCO(I) (is carrier),
and ky is a modulation constant. It implies that the ¢y, () is equivalent to ¢;(t), and the
input frequency w; can be determined from the derivative of ¢, () in Equation (8), as
this

w; = we + kyu(t) 9)
From Equations (7) and (9), Equation (7) can be rewritten as follows:
we  kpo(t)  Cuop
i
While, the system of PLL is at the edge of locking capture condition that is w./K =
Cw, /K. Thus, the phase difference is

(bD(t) = KD’U(t) (11)
where Kp = ky/K is constant of phase difference.

From Equation (11), it can be seen that the phase difference ¢p(t) is directly propor-
tional to input signal v;(t). It implies that if v;(¢) is sine wave signal v;(t) = E cos(wyt),
then, the duty cycle of pulse which is taken from digital phase detector (X-OR) is also
directly proportional to input signal v;(t). The PWM signal occurs. Thus, the voltage
output of the proposed technique is shown as follows:

AFE K 1+ G2w?
Vilt) = SR o ot — tan ™! (Gl (12)

(10)

4. Experiment and Results. In order to verify the proposed technique, we set up
experiment as follows. According to Figure 2, IC 4046 is used as VCO, and phase detector
while loop filter is made by RC component. The frequency of PWM carrier is given in
1.5 kHz and Vpe = 30 V while input is also determined as 3.5 Vpp and 50 Hz sine wave
signals. Finally, we provide an LC low pass filter with L = 85 mH and C' = 10 uF. The
experimental results are demonstrated in Figure 4 to Figure 7.

Figure 4 shows the output of VCO(I), where the upper trace is sinusoidal input signal
and the lower trace is FM signal. As an experimental result, an FM signal can be consis-
tent as well with the frequency modulation principle. The phase of FM signal is according
to Equation (8) and it is depending on the input signal.

Figure 5 presents that the upper trace is a sinusoidal input signal, the medium trace
is a PWM signal ¢pyu(t) and the lower trace is inverted PWM signal ¢pywu(t), where
dpwu(t) and @pw(t) are the outputs of gate driver circuit in which these are driven to
the upper and lower side MOSFETSs source of push-pull circuit.

Figure 6 displays that the upper trace is a sinusoidal input signal and the lower trace
is a pure sine wave output of the inverter. This pure sine wave output voltage of the
experiment is consistent with the PLL principle to analysis in which the PLL principle is
applied with the generation of PWM signal for controlling the inverter that is presented
in Section 3.

Figure 7 shows the pure sine wave output voltage of the inverter and the fast Fourier
transform (FFT). The FFT demonstrates that the fundamental harmonic component lies
at 50 Hz and the rest of the harmonic components are negligible. After filtering the output
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voltage, the total harmonic distortion (THD) reduced too much lower level of less than
2.27% which was calculated by Equation (13).
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Ficure 4. The FM signal output of VCO(I) circuit
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FIGURE 6. The pure sine wave output of inverter
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FIGURE 7. The inverter output and the spectrum components of the pro-
posed technique

5. Conclusions. This paper discusses on the design and development of a pure sine wave
inverter based on phase locked loop. Various advantages exist in the proposed system such
as low switching loss, low cost, small size and simple control. The experimental results
are verified that the THD is equal to 2.27% which it is less than the IEEE 519 standards
for total harmonic voltage distortion limits. Furthermore, this proposed circuit allows

the

feedback of the inverter output in controlling the system. As a result, the output

voltage regulation is improved and the dynamic response due to a step load change is also
improved. Thus, it can be concluded that the proposed pure sine wave inverter is ideal
for the photovoltaic power system in residential applications.
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