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In this study, ANNC(artificial neural network) load modeling
7
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technique with consideration of harmonics is introduced for more accurate component load modeling and an impact

: Component-based load model, Composition rate, Harmonics, Load model
.M

Static Load Modeling Based on Atrtificial Neural Network and Harmonics
Abstract - Nonlinear loads with harmonics exist in an actual power system where harmonic currents make voltage

distortion. The sum of reactive power measured at individual load is different from the measured reactive power at a bus
coefficient is proposed for aggregation of component loads. Results of this research show more accurate load modeling
method. Since precise data for power system analysis can be acquired, the proposed method will be used for power

in a power system with linear and non-linear loads.
system planning and maintenance.
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Table 1 Power source setup

A7 A 99
mode 1 | 7] &3}
mode 2 | 7| ¥ 3}+3a1 %3}
mode 3 | 7] ¥ +311 FZu}+511 Z 1}
mode 4 | 7] EF+330 F I +530 F F+731 F I}
mode 5 | 7] E9+33 Z I +531 Z 4 +731 Z 9p+9 31 ZF 1}

(@) mode 1 (fundamental)

(b) mode 5 (fundamental+3rd+5th+7th+9th harmonics)

J8 2 el SHAEM ALZE T

Fig. 2 Power source using static characteristic experiment
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Table 2 Selected typical load

Active power [W]

e AAAY V] | A4 wadd (W]
%7 220 148
EE IR 220 210
e W= 220 66
ERia 220 148
AHE 2= 220 74

32 HRst ZHY A

o HolA Ay EAAgezRE F5d ARE uw
o7 2%dA Auyd LMBP 243 =S o|&dte] 7+ )
HEsle] AHEAHS Bddy sy /ERs He5g94
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Table 3 Error of static modeling(active power)

Reactive power [Var]

Active Power(60Hz)

120
195

(a) active power

Reactive Power(60Hz)

220

Voltage [V]

4 YejRotnE @RHPEHE)

Table 4 Error of static modeling(reactive power)

|
|
|
1
205 2

(b) reactive power

0 215

Voltage [V]

a8 3 T.V.2stol tist 2= Hzt (60 [Hz])

Fig. 3 Modeling result of the T.V. (60 [Hz))

Training data

Testing data

Training data Testing data
Load

SSE ARE SSE ARE

Electric fan 0.0103 0.1464 0.0103 0.1472

T.V. 0.0095 0.1478 0.0096 0.1499
CF.L. 0.0255 0.3370 0.0256 0.3381
F.L. 0.0067 0.0912 0.0067 0.0902

Desk lamp 0.0205 0.2064 0.0208 0.2098

68

Load
SSE ARE SSE ARE
Electric fan 0.0072 0.1028 0.0072 0.1019
T.V. 0.0084 0.1186 0.0086 0.1210
CF.L. 0.0044 0.0458 0.0044 0.0455
F.L. 0.0717 0.9537 0.0704 0.9477
Desk lamp 0.0055 0.0466 0.0056 0.0474
g 32 T.V. 739 mndy A3 F 60 [He] Asel of
WHE YeERdaL om, TV, ¥-3te] A9 <7 dee]
Toll wet Fake] el Aolvt ASS & F vk
Hake] fFad"d de Hv 2dy o= 9 015
Faddged g H 2dy exe oF 012 [%]R
Fr g mdyg d3E Adnh mdy oAb Al
S Ao A AARY Zde] FH[te




25 A (7)) Hit A (average error ratio; AER)SF 2
(8)9] AAF&(sum squired error; SSE)S. = eI
AA NEESE] g3 2y x5 F 33 & 4o A st

Trans. KIEE. Vol. 62P, No. 2, JUN, 2013

H® 6 REMY Y 2%

Table 6 Aggregation error of active power

o}, Group 1 Group2 | Group 3
58[Hz] 0.9479 0.5474 0.4201
3.3 25tgtAd Zm Average 60[Hz] 0.884 0.5705 0.3892
error ratio 62[Hz] 0.9014 0.557 0.4208
At Aol oF muarstEd Ans HF Total 09111 | 05583 | 04100
A ArE g5str] St Jdistdl i 5H4TS 58[Hz] 1.9481 1.4249 1.2816
AAskan. darstel SAAY A pdRstel A 5 Maximum | 60[Fz] | 18889 | 14801 | 12036
s %fi iaz H°?_gi ﬁgﬂ?iﬁ‘ o A mn e error ratio | 62[Hz] | 19094 | 13941 | 1.1921
A oF= Sl s 1yl 1a=] F F 7
I I F A T Tol | 1o ] L4910
g 7 Rt EREESE & 59 2ol JuyEE F
WA Group 18 HERGE HET & Qe HF 2 @, FEAR Aol B AT AR JFAA
el vAE Eaz LRI 4 Q= TV.Y Adguza T 34 7IHE o] &3t FFY AT FHAAE K T
TAste], trE Abdle] wla 7t Habe] Laddel =77t ety £ 79 AlF F oBES AU Aol nxzsot
MESEs 9tk Group 22 AgRetel wgel wauyg B BTV 00 Aol wi@ A e dFHE
kel HlgRT ARE A¥7], I35, AopEHEzaE 74 Bt A Aol HFEE Axo] wal 7k pE e}
a9 om group 3olAE ARG Hgo] M3 A F-aol el 2t G wstsiA Ak A (6)olA
WE AEE paE pAstgh ® 5 ol AR wa  ATIE gL FOW g =a, 46, VigpZt Hab o] gkl
o MERs FHPEHAH TAF WHoz NS A Agto]l dd A4 WstE Faho FF¢HS e
Z a3l ot 1% 4% group 19 Wi FAE Aol A T
nzs7b 23 Amel wE AS g A 271 (ye] W
= A9 Aol nzssl TFHE 43 4 Fah AA ¢
E 5 MokRstel 714 ol mAE GFgHe WMIE JElUT TF 4dAE
Table 5 Group load setup group 1& TF43t= F3 & AT p7F F50 A7 A
oz Rae] JFE e uzsrt ke w gol Frts)
ltem | Fan | TV. | CFL | Total v ARe wolm Qo Ag g7k §5ed TV o
Group [\1;] 148 210 66 424 FHe nxart S ) Aste AFEE KHolal v
1 A% g7k e e Ao nzET) FAE W AL
Vo | 173 215 120 508 3 AAe 27 F Rajol o Aol Fopris AL
Item Fan FL. CFL. | Total oguletil 2 49 % 79 A¥= olF F HolFi Atk
Growp | I, 148 148 66 362 E 7 9guAS 5y 2y
2 Q Table 7 Estimation results of impact coefficients
[Var] 173 28 120 321
Group 1 Group 2 Group 3
Item | FL. Ef;‘; T.V. | Total o 0.4235 0.5582 0.1138
GrgUp [\%] 148 74 210 432 , 0.4176 0.1016 0.3572
oy 0.1584 0.3433 0.5278
Varl 28 164 215 ) 407 5, 0.2647 ~0.3566 -0.2276
By -0.4203 -0.2033 0.0613
By 0.3565 0.6811 0.2663
FEAYY ASE /1E FHTHNE ol WHL
ALgEte] H3l GRS = AL gl wEbA B AT Group 1o AdAx HAAS A7t A A 7=
dME Fadade dg FAe 71Ee] FITAHE & TFaul B AlehE o Alg ok Wwstd, e
3 s Agstel fAsATh §4 Aol i YT Wzo] A R wEo FEALe 120 [Var]lz AA F
THEZ AAHQ] eAE B8] 9% BdoA&s & A g 7k AR ey nuE&E B 236
A71%el g Fard mde] Ho oAE Hlusty] 9§ (%]l Aerd FFHASF FAH 7ol o FFES
Hj A& AHEste] Axbe 235 £ 60l AHEst FAT A% HAA FEAYC wAEs 4 1684 [%]=
FEAHS 7MA g BF FFoA 1 [%] oW, F sroldl wk AFr|e] A$E V€9 FAuE 34 [%]ANe
ezt 2 [%] o2 FEstA FAHASTS & F Atk U AlekE gae A4 4235 [%]R EobAth

69



=

20134 6¥

s

x| 62P#A 2

=]
ey

sta) &=

| &t

2

w
X

o)

!
_#OL
-

~

o

X3

"
o

Tor

st slth 60

o

N

a}7] ol 71E

&

= ogesg g

apo] A vl o}

Bo

A

44

A kel 2R

2% 59

=]
3} Re P E of

1

.
£

A

g g whol

o0

_lt

—~
o

Aol 2 A

p
L

735l

Aggregated Q (60[Hz],mode 1)

340

(group 1)

S)UB101}J900 10edW

|

|

1
«@
<}
I

Fig. 4 Impact variation for VTHD variation(group 1)

38 4 Vo #3tol| o

190 200 210 220 230
Voltage [V]

180

170

W |
323 ”
238 |
S z 2
85l - __L_____ L
EOCa | | | | |
| | | | |
O e+ | | | | |
| | | | |
I | | | | |
o o Qo Q (=) o o
o o @ © < o o
@ @ 3V o o o o
[rep] 1emod annoeay
%)
= —|lo|lo|x=|n| >
S gl | ool =
= Slolal=2lsleae
) <N IR
FlN|lN|lN|c|lo|l o
0} &}
o
©
@
) ™
> o|lg|o|n|agl~
© als| x| o ||
y =4 SIo|lvy| 0| Q|a|x
() <H RIS
= Sla|a| o=~ —
3 6]
—~ O
K
Qe —
ol 2 =len| @[]0 ©
] 2R |B| & |8 | x| ®
& SIS |S|n| X
m O SRz R ISR
EURE B S Rl N R A R =
= 6]
K O
o 5
0 © NININ|ININ|'N
=1 T|Z| T | =TT
o [ iy i (o N v -
S R S| N |0|D| N
B B oo |B|D|©
il g
Rl @
o3 © —
ol =) Tl
0 < 7o e,
g0 =x i
© © + = 4 Ry
o O mo ~ m
@ o B3
% HT EE
M=

(a) 60 [Hz], mode 1

- k-
|
|

JEE Y -
|
|

JER -
|
|

JER -
|
|

JEE Y -
|
|
!
230

240

Table 9 Aggregation error of reactive power(maximum error)

o
a \,
@ | N
B | ®
m,, | ) .w
N T m w
= , = E
< | s N
<] I g
o 9 N
g 87 T
& [ o
3 ! ©
<|| § Lt__t____1_27 3 —
e fe)
SR o =
§25 | L
E0a} ——q--1- m
o] L
| | |
T | | | _m
8 € R 8 8 8~
(2] (<] @ 39 39 N
[rep] ;emod eanoesy
o B o dlo
N (x| 0 ||| "N <
a2 ||| o oy
SIS ||| F & of of
ol H N2 <=2 —_ oy
mw <t || |~~~ iL (o) _.E —
ol o %
N il
ol o|lx|x| o oy o) o
allo|ld| ||| © 2| F W
SR —| |0 |XR| X W hook X
Pl |9 N o]
TP B o w
= N
- A Jo =
|| == O WO W
ol o] |Sf|lo| oy
S| |R|IP|[ L oF
=N E=lR=] Bl Pl Dy ) i
@) freuSeN _~ N
0 = ﬂ_ol
o P oo e
— = === = i - jal
N|IN|N [ NIN]N o H g T
el Bl sl Neel Hecl e = 5 0 2
iy i ) B o ) o | iy O
X S|V |0 S| T = )
~ || O |B|D| O - =
N ajo e
o] S o— - X o]
o )
7= )
o 5 < -
M| zo ! w R A M
o S am G~
JI iy J =0 z‘t —_ ﬂ! —_
_ = T 0y ]yl
o K — =
o "Te XY
0 & o

Fig. 5 Aggregation result of reactive power(group 1)
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