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Abstract—To construct a local area power network

(LAPN) which is an isolated AC power network consist- Arbiter

ing of multiple small sources and loads, it is important to DC/AC

design the power flow in the network carefully. This paper

describes such a LAPN using bidirectional AC-DC con- O O
verter modules and develops models of the network. First,

we derive simple Tevenin and Norton equivalent circuits of

the modules from the steady state of the state space averag- O 100V O

ing models and represent the slow dynamics of the network

by dynamic phasors. We really make the modules and exjq re 1: AC power network by bidirectional AC-DC con-
tract the parameters of the modules by experiments. The&psrter module

we build a small network by the modules and discuss the

validity of the derived models.
2. Models of module

1. Introduction 2.1. Structure of the module

. . \We introduce the bidirectional AC-DC converter module
The wide spreading renewable energy generates new.

Using a complementary switch model shown in Fig. 2(a).
concepts of energy network systems such as power packﬁ]te relations of. v»> andi-. i, are aiven b
[1] and energy on demand [2, 3]. Especially, the local area 1, V2 ardly, 1o &€ g y
power network (LAPN) which consists of multiple small Vo = aVy, i1 = ais, (1)
sources and loads, requires rigorous balancing and accurate ) )
power flow design for network stability. If we construct theWheréa (0 < a < 1) is a duty cycle of the switches. In-
LAPN with peer to peer architecture in communication netStéad of the voltage and current source, we replace them by
work, we have to cover the following three types of trans¢@pacitorC and inductort, respectively. This is a simple
portation for balancing the power: the source controls thQC'DC converter ShOWH in Fig. 2(b). By adding anqther
power in concert with the load, the load controls the powet@lf bridge, we obtain an AC-DC converter of a full bridge

in concert with the source, and both the source and the logOWn in Fig. 2(c). If we realize the switches by power
control the power by a given direction. MOSFETS, the AC-DC converter is shown in Fig. 2(d) [4].

In order to realize such power flows in the AC LAPN, we'Ve use the simple module for the power flow design.

use bidirectional AC-DC converter modules connected b
a communication network. An example of the power net=
work which consists of the modules is shown schematically Because the switching frequency is enough higher than
in Fig. 1. The arbiter keeps the voltage and other modulgRe frequency of the AC network, we use a state space av-
transport the power by the peer to peer architecture. Sugfaged model

power networks have multiple time scales frarseconds

of PWM to several seconds of slow transient phenomena in 0 0 _@ 1

.2. State space averaged model

the network. This paper shows three basic simple modelg |Vdc %dc Vdc ol 0 _
of the power network for the power flow design: state spacg Vac[| =] O 0 — || Vac|+ 6"’ ldc— c lac,
averaged model, steady state equivalent circuit model, ancti i a(t) 1 ac i 0 6‘"
dynamic phasor model. We make real modules and propose T L L

a method for extracting the parameters of the model. Then, (2)

we build a small network by the modules and estimate the@here the duty cycle(t) = msin(wact + ¢) andr represent
models by comparing with the real experimental results. the loss in the converter.
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Figure 3: Tevenin and Norton equivalent circuit of bidirec-
tional AC-DC converter

2.4. Dynamic Phasor Model

In order to describe the slow dynamics of the phasor in
transient state, we use the dynamic phasor model of the

= o r converter[5]. The averaged val@ey(t) of x(t) in the inter-
’ ’ o o\ ’ val [0, T] is defined by
A —_—cC F Va
Q\ Q 1 T .
T 11 T OOk(t) = = f X(t—T + 9elwal-T+9ds T = 21/wac.
0

7
Using the averaged value, we can represent the Eq. (2) by
the dynamic phasor model

E(v - {a)i(in)-1 +{@)-a(i)1 (lacdo
dt o0 Cac Cac
d) Circuit by MOSFET switchi d R
(d) Circuit by switching &(Vach: <CL>1 - <Cac>l — Jwac{Vac)1
ac ac
Figure 2: Structure of bidirectional AC-DC converter d (a)1

. 1 . .
2 i01= " o - = (Ve - (E +jwad) )1, (8)

2.3. Steady State Model
y We estimate the behavior of the bidirectional converter
Because the DC voltage is constant in steady state, using the three models.

Eq.(2) is described by

1
Cac
0

3. Extracting parameters
\_/ac

+ iac. (3)

0
E} a(t)Vac —

dt | iL 3

1
8- ° G
_% _E 3.1. Specification of module
The modules control the duty cycle of the PWM by a mi-
] cro controller dsPIC and realize the wireless communica-
3 VacA B jwacl + 1 - tion by ZigBee. The synchronization in AC network is im-
T 1- w2l Cac+jwadCac 11— w2LCac+jwadCac -~  Pplemented by zero crossing. The parameters of the module
_ _ (4)  are shown in Tab. 1. The module measures the currents and
where |, and A are the phasors df. and a(t), respec- voltages of the AC and DC ports, and controls the power
tively. Based on the property of the filten3LCac < 1  flow by changing the duty cycle of the PWM. Because the
andwadCac < 1, Eq.(4) is approximated by lossr of the module depends on the MOSFETS, we extract
) the resistance by an experiment.

Then, the AC voltage phasbt is described by

Vac

Vac = Vch — (jwadk + r)I.ac-

~When the DC port has a relatiog. = Rigec andi,(t) = Table 1: Parameter of AC-DC converter module
[IL] Sin(wad + ¢ + Biny), thevyc in EQ.(2) is approximated by Vac Wac L Cac Cdc
EV Ve msin(at + ¢) - | SiN@ad + ¢ + Oim) 100V | 120rrads | 9.4 mH | 5.7uF | 470u F
at " “RCy Cuc
__ Vac _ M| cOSHny ©) 22 Extract _
RCye 2Coe .2. Extraction of resistance and phase

Thus, the Tevenin and Norton equivalent circuit of the bidi- The phasor diagram of the AC part of the Tevenin equiv-
rectional DC converter is represented in Fig. 3 alent circuit shown in Fig. 3 is represented by Fig. 4. The
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Figure 4: Phasor diagram of convert (= wacl.). (a) Experimental value (b) Theoretical value

i . Figure 6: The relation of thenand the voltag®/yc.
phase dferences and are defined by the diagram and

satisfie®in, = 6 — 6. The phase dierence) satisfies
4. Experiment

- |Vad Siné X .
0 =—sin —tan —. 4.1. Experiment of steady state
VIVad? + (Mvse)2 — 2IVadMvye COSS (g)r
If we fix the § = 0, thed does not depend an andvg., and e fac fac e
we can extract the resistancérom the angle. Using the S . AC
property, we find out the phasefidirences = 0. Fig. 5(a)  200v T T"dﬂ /AC /T"ac /DC Tvm R

shows the experimental result of the relation between the —_— —_——
mand the angl® for 6 = 0. The result shows the indepen- oo e/

dence of the anglé with respect to th&k andm. Further,

using the anglé, we obtain the resistance= 8.0Q forthe  ,uy Tvda DC/AC
module. Then we fix thé = —1° by considering the power L
factor. The dependency of the anglwith respect to th&®

Module #2

andmfor § = —1" is shown in Fig. 5(b). Figure 7: Setup of the three module
1 1{-e-100m . . .
-0 L In order to confirm the behavior of the module in steady
7 09| z ~+-iom state, we have experiment shown in Fig. 7. The module #1
S gl S o ///\ is a voltage source which controls thg by
< Lod ——a—— < -o. to+(n+1)T
mns )= me) ke [ 7wl - V], 12
106 07 08 09 106 07 08 00 fo+nT
" " whereKj i nstant. The module #2 controls th iv
(@)6 = 0° (b) 6 = —1° ereK; is a constant. The module #2 controls the active

power by

Figure 5: The relation of the angbeandm. to+(n+1)T
mo(n + 1) = mp(n) + Ko ( [ tatwdo - Pref),
to+nT
o o (13)
3.3. Tevenin's equivalent circuit whereK; is a constant. The module #3 which is a load

In order to confirm the steady state model, we compa@so controls the active power as Eq.(13). Fig. 8 shows the

the Tevenin's equivalent circuit model and experimental rédéPendency of the active and reactive power of the module
sults. The relation of power flow between the AC and DC¥2 With respect to thew. The distribution rate of the power
port is written by flow can be controlled by thes,.

6 4

% r(Vad COSS — Mvige) + [Vad XL Sin ~- 150

€ — mye ([Vad €080 — Mitig) + [VadX 6. (10) BN 2 s ,

R X2 412 s \ ~osm| g OIS @) /

§ 20 osm| = —
This relation gives z \—é[ssu)] 2 —*
0 —20)
. T COSS + X, siné
Ve = mRVad—L (1)) 87 0.75 038 oss 07 075 ., 08 0.85
X2 +12+ m2rR m, ,

(a) active power (b) reactive power

The relation betweem and the voltage/y. is shown in . .
Fig. 6. The experimental result (a) gives close agreemehigure 8: The relation between the duty cyelgand power

with the theoretical model (b).
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4.2. Experiment of transient behavior

lac2
<2

Figure 9: Setup of the experiment for the transient behav-
ior.

ldal

Thc
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In order to estimate the transient behavior, we setup the
experiment shown in Fig. 9. We change the target active
power from 60W to 40W and measure the transient wave-
form of Vg, Vgeo, iac 1dc2- Figure 10(a) shows the waveforms
Vao Vde2, 1ac, 1de2 DY the experiment. The decrease of the DC
voltagevyc, causes the counter current flowigf from the
module #2 to #1 in the transient time.

Figure 10(b) shows the waveforms by the state space
averaged model Eq.(2). The model also represents the
counter current flow. To confirm the phenomena by the
dynamic phasor model, we use the following equations

d (il + i)

&(Vach = Tac - Jwac<Vac>l

d . 1 . .

a(luh = W—EME - [(Vac>1 - (E + lwac) (iL1)1

d . 1 . .

&<|L2>1 = %(Vdcﬁo - E(Vac>1 - (E + Jwac) (iL2)
(Vac2do  {@2)1(i2)-1 + (@2)-1(iL2)1

. (14)

d
&(Vdc2>o =~ RCiop
Figures 10(c) and (d) represent the amplitude and phase of
the dynamic phasor model, respectively. The phase of cur-
rent(iac)1 shows the counter current flow. The counter cur-
rent indicates that the dynamics in the dc part is important
to describe the dynamics of the network.

Cdc

5. Conclusion

This paper proposed a realization of the LAPN by
the bidirectional AC-DC converter modules. We real-
ized the module by the full bridge MOSFET and sug{2]
gested a method for extracting the module parameters.
We estimated the Tevenin's equivalent circuit model in
steady states and confirmed the module controlled the ac-
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Figure 10: Transient waveforms
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