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Abstract - The goal of this paper is to propose a
virtual instrumentation system based on three
dimensional current coordinates for monitoring power
quality. A developed system with various experimental
graphic screens and numerical results is made up
586-PC and DSP(digital signal processor) board, power
quality analyzing and evaluating software for windows.
Power parameters are analyzed using correlation signal
processing techniques based on the correlation between
voltage and current waveforms. Analysis results are
visualized by 3-D current coordinates, and it is
compared and evaluated with conventional time/
frequency domain. To verify the wvalidity of the
proposed system, power and harmonic parameters of
single phase induction motor drive system is analyzed
and verified.
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{a)Current vector

(b)Current trajectory
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Fig.1 Representation of nonlinear foad current in
3-D coordinate system.

%THD 4

100

0 . 45 90 T["]

@2 D2 et sTDele] A
Fig.2 Relation of height angle A and %THD

gHA e AR & 229 Y89 7|80 E + Y2
o, A7 27§ 948 F3 AR Z2AV Bl #4H
o A "ot Akl oz APelm FEHA Y & A
FE FEAF 2L V180 FAAF HELY ez B
e JlEs AFAR LTl SAsn 4YAF JPLE

A} g7 & o] A%, At %THDE 0o 7A@
t}.

2¥3& %THDE 3449 AF FTAM NAE Ao
2, 718s 4F4E Lol dFstn A<4; A AE, 1x2F
Al AgEHE AFE Loln, 28 A9 AGEE ARE
ojch. A9 sl | Hrhs kol o & dPHE) US
T ¢ 7 ded, diEe] FS %THDE 100%cl3telzz
AE 45°8 97 gerh

Li-axis

I.-axis

IE3 ME e DE2HE e IR MeYee ¥
Fig.3 Representation of two 3-D current vector with
different height angie

3. MY EB EH dEF

a3 (correlation function) ¥4 E 2t & o, 2109
AY HEAVE U2 vl dAbving Araags
(autocorrelation function)oll 2)&f AAME Aok 2ey} 4
10y 24 Feus] H2EA AL AA BrhsEe, &3
Hu g AR EAXEC WYy B, o &
t24 g ged Agy £ANE 16 40129 22 &
¢ 4EA RLJOE 53] fdM, AR 249 F4 dT
g B8t £y=oio} gt

V= lim 2= [0 ) ar 10)

dT—co

Rold) = lim b [* wout—9 @t (11)

Ruf01=} Zve, (12)

2R AR 09 A5 18 ] 98 pdags
B g 24 wyes AasEw, At dax, AF A
53 a8la J3EYe 43013 - 4053 2k

Ve=y R,[0] (13)
I=V&.0] (14)
S=VI (15)

T FEAHPE AYH AFY A3 ARE(cross
correlation function) Ru{0]ell oj&iM Aatgc

R,{0] z?li: f_ﬂv(t)i(t) dt (16)

- 191 -



=R.10] amn

AN g FEAYEE Tz, A5 HYHEE
Faid, AgREd 3¢, DAYV S —F o o35 FEAYg
Q7 TR AYge AF H3ye] g TAY F4Y 9
FaAE, Hd 34 $5@ Ralele fa48ps §
i%iElQ«I e Folu, g J34d Frae vHay ¥
gl7h ofd MgEsigl e nadyg S o x A9
27 oo 43 d#Fo(crosscorrelation shift) ¢
© Ads J1Es dEe A4A & wsigels, Ry0lE 4
(16)e] <3 olv] T3 FEAFoITh

Q=Y R 4,1~ R.7I0] (18)

D=V§-P - (19)
S=P+Q@+D? (20)

ol 43 Zo] BjE WY HEezyd HANY R34y T
7t A mE A9A A ol5d A4dE G BE Bed
Zon

G= R,ﬁ@] 21)
B=-%T0] 22)
) it
I Fast A/D Couversion; l

100,301, i8
1,1, L (RMS)
£, %THD,A;

TMS320C31 DSP Board

JB4 M EY BN BBME
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Table 1 Specifications of nonlinear load

Specifications ‘of ‘motor _controller”
power rating 10, 05KVA
supply voltage 110V
supply current 4A
switching device thyristor{2P4M)
.. Spegifications of motor and load
10, 1/4 HP,
Power rating capacitor run type
& motor induction motor
: Supply voltage 110V
Supply current 2A
load fan
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Fig.9 Source voltage and current waveforms of
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Table 1 Results of power parameters analysis

v ) 0 - 60
Coordinates 2D 13D [ 2D [ 3D
vV iv] 100.40661 10341492
1Al 066338 0.55584
Ia 058567 033452
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1d - _oams| - [oziss

VE+E | 03115 031156 | 0.40137 | 040137

S [VA 66.60800 5748245

P (W] 58.80465 39.76548

Q [VAR] - [@ooim] - [4m0i%

D [VAR] - uTmm| - 29w
v 7+ L [VAR] [31.28320 [31.28500 4150828 J41.50808
%THD B8 1179587 | - msms| - |
Ccose(pf). 1088081 |08%85) 069930 | 06OIT8
AR - hoess - 235074

- 194 ~



¥28 =9, 33449 AF FRAG-DE wez HHEA
& P A duAd 2449 AR SAFAQ-DIR AF
E£4& #4¢ 23E A2 Had Aot 2-DY pfll-2]%
HME AP 3-D9] pfl1-2]l¢ 2 gAsz 3ed 3-D7}
2-Drthe gt 2893244 yrid £ de ddvigs
ol AeL & # Yt} 53 3-DolA A E AEY DE
Z i 2-DolA el HE 8 71FY %THDE 4@ 4(9)
g &3 Ygg B2k F RAFD Utk

811 AN FE/ 3D ME EEAs HHEIEI}

Fig.11 Power quality evaluation by time/{requency/
3-D current coordinates

{a)v{t) (bYi{t) {(c)FFT spectrum of i{t) {(d) 3-D

current vector (e)3-D current trajectory (f}i,(t)

{g}i(t) (h)ist)

8N 212 AS" S A N2d9g RLAY
Rale AFFA Ao} 43T Aoltk 2119 (2} )&
2z} WY AFe BP0 T ol AT dAoMe] AGFE
A Hrhe} JlEo) " a3lloe Fo Ggdae AF
FFTEA ZAdolth A9 A 498 a4 HdddAg
AHEQ YL ARY 9 71EH FE 22 9F A
29 ) (g) 283 (h) RBE o] siotsty] Zdaith
v 339 AR ATAE AFHY A HEEY HE
el skob ZbgElich TE1ldS a8llE)E O.e)mE
77t x-y-zRER std UeEbd 349 AHdEHE 2 3349
AF Aok 4o AF YL EC] 349 AF AFAY
FEAR 2o 1595FE 4§ 19 /g Ad

28128 29844 uEhd 338 x-y-z AR g
olxo] 93ty BE: AEE 2E¥ 33Y AF dHeHEe A
Hrolth aP12(d)e (@) x-y-z5%o] BF Hol: ¥F 3
A9 A% FTAE Jdehdh 2¥ 128 e FEAE 2
oA HletR 3349 AF FBAoth agUF 2P12= R-L
MY Fatel Aoy wEd adimet 1912(e),(h)AA
B uls} Zo] 4y HEE A9 Qo] €l ag12d6)e
48 AF 44 A5 304 AF AEASA, R F
AAF AP FEAF AEED ) dFd) 330Y HFEH
He FEAF 24 €9 I5E &9¥0] Hrh vt AFY
FARRI 78S FE o] 5YE A AFe 4
Hon dr} ojul A AL 48 =+ 5198 AH o
nzg AEE AQP§L

o

(R = Wi e) L-“I. } h) G,,___._L
} I
il

el

i
UTIAN

75y
s

R

12 B 4T E Y2i8 3xj MEHE ¥ HNE
Fig.12 3-D current vector and trajectories according
to variation of view angle

2913 @ fFEEH FEALYR 2L vdY R
AHEAS BAE Aotk 23119 ASe vimd 29, A
Fole 2o g 71238 FEEE Jed =3 Ha 9
gslo] ok wEA ag13dsHe)e 85T Ade
OE 2gE zeth $4 334 AF AdEE 438 3
L2 ¢ ¥AE iz e et 2 R FEIR
A 2late] vule] & dA) Zolt ZAHI, dHAF
2ol gdA 4 A gReirt ZAA. ARAHA
% gileld e B dAR olFalE offk A% B8
of ¥h7luict ubdsln §l7] e olth

M

S RN

2#3 AlZY Fokps 30 ME " HYENY}
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3-D current coordinates
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