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Synchronous generator Electric power transmission
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ALTERNATING ELEC‘T?!ECS(};TARiIEN’[ GENERATOR. ELEGTRICAL TRANSMISSION OF POWER.
No. 447,001, Patonted Mar, 10, 1691, No. 511,559, Patented Dec. 26, 1803.
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Line reactance(X): small
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Voltage at generator Voltage at middle Voltage at load
side point i
4 Line ): large A
Fig. 4.48 Schematic drawings of three disks ding to different line
H. Ito (Ed.
(Ed.), 3¢ Synchronous Generator

Switching Equipment,
Springer (2019)
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Fig. 4.45 AC transmission -
capacity versus the phase Pmax=VaVL/X
angel (Black: normal state,
blue, contingency case)
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Fig. 4.44 AC power transmission with a generator and a load 0 =2 920 180
Phase angle (0)
H. Ito (Ed.),
SW|tCh|ng Equipment, Shaft torsion  Load torque
Springer (2019)

Vs, voltage at generator terminal Vy voltage at midde point V, voltage at load terminal

W: Load weight

Fig. 4.46 Mechanical model of power transmission with a generator and a load
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Entropy
: : Signal (Meaning)
C ty of L
Message apa(cl::’1¥o()) ine Analog, Digital
Info Source  Transmitter Decoder Receiver
| Serft Signal R Received Jignal R
A
Noise

Claude E. Shannon, The Mathematical Theory of Communication
(University of lllinois Press, 1949)

HSE R OHE R

Entropy
: . Signal (Meaning)
Message Capacity of Line Analog, Digital

(Info, Power)

Info Sourc Transmitter Decoder Receiver

Sent Signal R Received Jignal R

Serft Power Received Hower ©
Power t C "

onverter
Source Converter Load
Power Power (Behavior)
Conventional power system: Noise Hybrid
null Entropy Energy

ChoZRBFICEHETELIN?
S.Nawata, A.Maki, T.Hikihara, Proc. R. Soc. A 474: 20170552

Claude E. Shannon, The Mathematical Theory of Communication
(University of lllinois Press, 1949)
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Add/Remove

Extension of system

Manipulator control

Power processing

Vin —
X|_+—
Mixer E|Router ;
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Time _ p—
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Time

Stepper motor drive
by power packet

Applicable to other
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H.Ando, S. Azuma, and R.Takahashi,, Consensus Dynamics in Switching Networks
for Distributing Power Packets, IFAC, NecSys’16 (to appear)

Diffusion process Ti(t) = Z a;j(z;(t) » Converge
JEN;
Discretize ii(k+1)=zi(k)+¢ Z aij(z; (k) — zi(k))
JEN;
Xk+1)=PX(k) K-0,1,2,... P : Perron matrix
P=1-¢L I : Laplacian matrix
e € (0, 1 All eigenvalues are

maXi(Zj;éi @ij)] in a unit circle.

Switching state (mode switching)

S e J
[ X(k+1)=Pgs X (k) ] J ={1,2,...,n} index set
AEMICRYPROIRILF—
EEEEDHLELND
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% 10 20 30 e
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i i RRZxFE
‘Eiﬁ%ﬁﬁ@'f 2 X b—JL Consensus-based distribution
load

source R. Olfati-Saber, J. A. Fax, and R. M. Murray,
node

Proc. IEEE 95, 215-233 (2007).
load
o8 R. Olfati-Saber and R. M. Murray,
IEEE Trans. Autom. Contr. 49,
1520-1533 (2004).

distribute packets

load
7 power s natwork H.Ando, S.Azuma, R.Takahashi,
load wJ;vl;yw:gzmmm.mmmawmmm “in 6th IFAC Workshop on Distributed
FIG. 2. Packet disrution on ring network. Nodes from 0 to 20 indicate power Estimation and Control in Networked
routers, andthe packet ch path between routers is bidi Systems (NecSys2016) (IFAC, 2016),

Vol. 49, pp. 351-354.

(i) unbiased packet transmission

Z11 el
o k —2 2
o Y 13
_g 1.0 ) :2 = :E
S -
. An AN AN = =2
g 0. e 3 =8
z s - = ——r 10 =—20
081 — -
0.0 01 02 03 0.4 0.5 FIG. 3. Variation of node voltages over time. Intermittent
(ii) biased packet transmission with 50% reduced Weiockwise bursts in node 1 occur because electric charges are supplied
T when the voltage level x; drops below X.
E 1.1 :ﬂ;num:
@ —2 12
E1o] =3 i
s —s —as
- =
Ho9 ¢ —
o 9 —_—19
= 10 — 20
0.8}

2 0.
Time [s]

S.Baek,H.Ando, T.Hikihara, Chaos 30, 033115 (2020)
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