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The Measurement and Analysis
of the Electric Power Energy with Time Harmonics
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Abstract

In accordance with the development of switching devices,
the voltage and current signal have involved the time
harmonics. But most power meter is designed to operate in
sinusoidal signal.

Therefore, this paper evaluate the operating state and
characteristic of power meter under the voltage and current
included the time harmonics, analysing the results which are
obtained by means of theorical analysis and an experiment
of several instruments for power measuring.

LAE

Agle} wrAswAl Al2d"e P AE AF arzel
AEln glon, olF WEHAIY A7 ATE oS G
Atk 2 294 Jlgd EfE £ AgAgs2dqae Al
AR, 204, 48, A4 T 2o oF Y Aoyt ¥
sZoltt, webA Al nzxu-E §R3e WA At
AR Pu2 AY QA AgHEn Ak 2 Ay
Ao FFAQ 4L FUAE wRoR o oFojAm 3}
= AR}, ol mz b X3 @ AR o o|&3F
7Ite] BE A2e AF v A A4 9 A7) RS
233 s 2ogulE ZimEEie A olRTl o
o] AEAHQ AS7S) AHE-E RFET U] Wil

A dirie AYSZA7Ie AURA FAHEE MAE
o] Q17] W&o Al&go] AAlgde chad |t av R
Hoz WP Ao AHAUAN} FFHA gl ssE
AlA" e BAL A mebain Adsiels kdo] Alxs
3 Ak [1-4]

B deiMs v s Aajty A oi@d AdAEve F
Zge st 548 BAEgt. & AdnzstE g A9t
AFAY L Yoz dAsta HHLAYE B F T
A7 AR g AYASIE FAsd, 7 AEve A%
sho} Al BHojAd o o]E3Q ANANE vanPESRAT
ol& 33 Atnzuzt §RE Ao F34 AUAIL e
ARAZ9 Al Fat HA s

2. nzx37t T8 A9 g HY

Rzt FHE A H-E Agdolle] ste] ot
Zo| A4FHr2 @t

Ak ARz axoE X AL A AYL oG
Zol 1ddrh

o) = ”2‘ V,sin(nwt + 6,) W

A7l V& nzst Ate AF, e nx2d Af, 6,& L
zte] §424-E Vet
nzuzt 2@ ARE

i{f) = i',‘l,..sin(mwt-f Pu- @

A7 [, nzERW AFY AE, me 1z A, S8
nz3e] §47+% et

2 AYgME At A 4 DN (2n—-Da nxvE
n=67" & 113 mEHAA nsen 4,& 00 = ¥
g, ARe m=19 4% F EAA A8 dMEg
v}, s1Rab Ate 1000vIel dla arzsfe] MEL sj@gs 4
%9 0,10, 20, 40, 60, 80, 100 [%]8 F HA3AH.
Z18st A%E Al 8a AFe 93F 4,20 60" 5
A4 A4 org fgA@dn. FaeE 60HlR Hjles
Zzng we 120027 9ok, AEY E}ql(Sampling time)&
01lmslZ AR 0&olAM 0022744 Adsisac. AL
nzsh At AFe £AXNE Fio A

olul o} BT P

T

P =% [un-ihar @

= 717? J:'[ V,sin(nwt+ 8,)1 [ Lesin(mwt+ ¢,)1 dwt

Z Jehir, ol mnd 39 4 )9 FAA(L 07 H
22 m=n A$+T A4

P = —‘%’l f'sin(an- 8,)sin(nwt + ¢,)dwt @
= V2 L cos(f,— ¢a) = VZ'I' cosa

2 Jgd 9718 a= (6, — ¢ 2% AYH AFA

AgAE ki, & WZAAE A AR AAAY F
o AR cosqhe FE A% BEE ¥ 4 Uk
7] TQl AYnaste) JANE

Vo = \] L L oKX ®)

A#A9 AN HEE SIMPSON's RULEel2H: 4284
We olgslel nast AR AF YAANE PR

V0= B0 oA+t 4B 0t 2 Dh)
2§11
+2§;v2(a+2ih)} ®



WM h= ey

v(a) = 2714, v(h) = A%

le ARTResA 129 A% 37 T L3 v wx

T AE XBY g £8 dsidd. & k=09 4
B e ZEM A, k=14 9% F 1Y XBdo| A8-E
th b AREE e golod AR, AlAY gEe
BA7F 47171 el Yitalo g ALg s EEAM wde 2¢
Ak,

4 Gist 4 ©)o] vt AL nzs AR

Ve = \/ £ v @

ool il 4RA A AdH e Wier Ty

3d 1o maxu A BFo] 0%l SR ARV B8
49 £AAY HPE JeEAL. (@ A Age) 94
7L 00 Q1 Af-elz (be WUt UF A4t 60" 9 A
$-olr},

.:i\/\wﬂ

X
Ve laac}

VW
a

— Comont (A
el e $owat [}

. e
ous EEIT ¥ ah0m
Timo sec}

{(a)

(b)
3% 1 Rz AY Ao 10%eln e AR}
Zg wel A9 By

3. AE3Ae T8 2 534

"AAA Ay APAArle Fadald g A ok
2 EF® 4 UG
D x4 A4
2) 449 A9
3) A/D B AgA
4) TDM(Time Division Methode) ™A

U2 M2 o FagaE M 4389 4y 2400E
vehdideh %2 ()9 453 AYAe olg2ay AYA
& vehiisl ayel mY-d el AR B2 Aeo @
A= Agol YAsE o] 7HpRYe]l A=} glojal A
ZAzige] 2ste] Eo AV WAES ol WAHE BeA:
Ralo] FFEE AR A Ty g o} Al &
A Fo4 Y9le 25~1000Hzold AL EAN FH4 HYgE
25~500Hz o 4& kAR Ut

I¥92 (b= 443 wHsl{thermal converter)§ A% 3
gAlg Jehlled 2599 AF9 Hehe 433 wsloA

@) 7V =Y%¥

v | Thermal type Y
l AC/DC POWER  |—

COMPARATOR
CBMEQ >

®) 24%

;

— " i
v 3“ COMPRHSATION o]
i CIROUIT § v
i

DM

x"’jungmnm _.A B

CIReutT

) TDM
@ 2 AHAR 2F
AFAYY AFE vlaste 2 Ao} 2dla BRAYE 23
e AR AR 9 ¥ AYANY §4 o4 P9
7} 35~T5Hzelm % BA4¢] = @3¢ 7z Ut
Y2 ©)F 48 AW ARFE A AY 2U4rlg B/
& Abg-sio] v Agtes WaAAR, A/DABINE 39
gAgsg £ violazxa el o datde Mg &4
e AAEA SHEAel vie- san &4 S Y9
20Hz~200kHz¢} 42 7M1 RoBR & Fis R L
e A9 Ao f-olaitl,



82 (deXDe AlERHA(TDM: Time Division Multiplier)
& g3t AAAA 1 wol 1851 om JeAps
4 gHel %3} AAAZ FEAUG. @ )E CTE A3
o APt ARE YWY F AG VEE B2EVEEWM)
2 4850 AR AEE DEAZAM) A5Z AHgslol 3
& 2qa: AA. (OE JFAWH AFE 244 PT
CTE AHgaie] ZRHAR ¥ ol Zztsl AEE w4l B
sEuzs AHWZE Foe WAL 39T Ak (@9
Fog ZAYYE 20~400Hz, (e),(D= 10Hz~20kHz8] 54
& AR gl o4 A3 WA dge WaEAz A
& F7MIslE shseln WAZNz Axe 3ol wat @
ASE EAE B4 4 U FEo) YR

4. 2x3 AYe 4 ¢ HE

A2 542 NP7 fsel 28 3% Aol Ty
Adsigich 29 2914 Uk 635 AHAAE AR $
AHAIL P8} DG YR DEAAA 5o 2409 A3
HAZAE AT B39A4A Y CHidA w4d @
& e A FENE F¥A FHA ANAY A¥AY A
st fEdel A7 CHzolA € we AR/ AR 3%
g% B8 ANY ARAL A% AP ddse] AEd

23

v
I Voltage ]
Waveform 1G] [ | L B %ﬁé:‘r‘s
Generator cu2d 1 Current |11 Test
g Amp- ,_!_r_

a8 3 AgAsEs

27oj Mol oA s ol Aldel ALSH 7 HPe
A (oA Z1Rs A V= 1000V), vheld szet 439
AZX(V,, n& 35791 7183t A¢ vig 0, 10,20,
40, 60, 80, 100 [%12 Z7HA 71AA Ay, AFs
A @elM AR A% L= H{AINE FEsan. azg
Asta AT Atole SAe YA ZA G 23
2w 0 960 o F kA eE Aysigich
E 1 A¥Ae AL oxbg
(a) PF=1 ( a=0" )
(a) (b) (c) (d) (e) ()
0 | -020 0 [ -012 |-006 | -004 | +0.10
10 1-028 1 +0.00 | +0090 [+011 [+005 [ +026
20 1 -026 | +0.04 | +018 | -016 | +0.16 | +0.10
40 1-032 | +0.03 | +007 | -002 | +015 | +0.05
60 1 -027 | +0.03 | +0.13 | +0.05 | -007 | +0.10

80 | ~049 | +007 | +021 | +010 | -007 | +038
1100 | -023 1 +001 | -004 | -012 | +0.07 | +0.14

=

gt
¥
<A

(b) PF=05 { a=60" )

() (b (©) @ {e) )
0 | -0.30 0 | -005 | -018 | +0.20 | 025
10 | -042 [ -011 [-032 [-03% | -050 | -042
20 1034 | -020 | -0206 | -027 | -0.44 | 0.3
40 | <035 | -0.15 | 025 | 0.6 | 075 | 0.5
| 60 | 039 [-016 | -026 | -03 |-073 | -0.30
80 | -042 1-020 1|-020 | -045 | -064 | -032
100 | +0.06 | -0.18 | -0.03 | ~0.11 | ~0.89 | -0.26
442 A-A AP APA L ol A ANA 8L
F 1o deRiIR E 19} () nE% A94d AR 44
A7 0" A AT & Aol 19 Ao exgely ¥ 19 (b
€ nzst 243 A% A4} 608 A A% & Afol 05

A A4 23 gt BN @ 4 ARl AW 2yrl9y

A 243 Agad AFY 44 00 A Ay ol@HY
AN Ax B +05% AHE & JehiRes 80" A A
$ ti1%nch A B4 it €58 U At
2E ARAZI Y oAt A4 AR W9 g e
madyt TPEE Qe 22 HaE golyrth £8 YA
AF HAR7E ALSFE 2R L Ade AL #AT
4 ek

5.2 &

B ERdME Aazdg e AU ARaYe 992
HAHRG Rz AN F LA A2 g8 A
AA%7Z 248x, 2 445719 PR} ARH
el 98 oA MNAAE vRABNe] AU AYH
Apo] g AQAZse] St E4E FARAL

113 n2o7p4 nslg 48 3% 294 Asd 38AS
719 Ad A% WU AF) 49 00 A AY ol@
Aol A4 Ax B +05% HANE & JeiNeH &
9l B9 ri%ur A& HEA4L v

2R ol G A AR ALY WAREHq A
2+ g ojAx glon AAAYAY AL AZFAAME
& o2s wAAAE A (5-71 E, 84 #2779 A9
o P AL8T UE AuEe] F4E A 44
N A% duge] 293, AF, AYE A4k @
o (8] 2 243 veA AYaA 716 olgia e
e s 28e RS AWML X¢ie onz AU
pee AgxgA4Az 23 g §& 48 7HAA drh

gdoze 2414 Aad sl¢ AYFTF A Avlele Fy
MY e A4 nzart X¢E el 4UH B olf
ol e}l & Zeolt},

& 2R H
[1] L.S. Czarnecki & T. Swietlicki "Powers in Nonsinusoidal
Networks: Their Interpretation, Analysis and Measurement.”
IGEE Trans. Instrum. Meas. Vol. 39, No 2, pp.340~440
[9] 1 Purkayastha & P.J. Savoie “Effect of harmonics on
power measurement,” IEEE Trans on Ind. Apl. rol. 26, No 5
pp.944-946, 1990 .
(3] LC. Cristaldi & A. Ferero "Harmonic power flow
analysis for the measurement of the electric power quality.”
IEEE Trans. Instrum. Meas. Vol 44, No 3, pp.683-685
1995
(4] IEEE working group on power system harmonics,
“Power system harmonics’ an overview” IEEE Trans. Power
App. syst. Vol PAS-102, No 8, pp.2455-2460, 1983
(5} A.A. Girgis et al "Measurement and characterization of
harmomics and high frequency distortion for a large
industrial load.” IEEE Trans. Power Del. Vol. PWRD-5, No
1, pp.427-434, 1990
[6] Y. Baghzouz & OT. Tan "Harmonic analysis of
induction watthour meter performane.” IEEE Trans. Power
App. syst. Vol. PAS-104, No 2, pp.399-406, 1985
[71 AA. Girgis et al  “Testing the performance of
three-phase Induction Watthour Meters in the Presence of
harmonic distortion.” IEEE Trans. on Ind. Apl. Vol. 26, No
4, pp.689Y-695, 1990
[8 S. Mukhejee & RG. Hoft and JA. McCORMICK
“Digital measurement of the efficiency of inverter-Induction
machine.” IEEE Trans. on Ind. Apl Vol. 26, No 5,
pp.872-879, 1990 )



