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Abstract

The GHP(Gas Heat Pump) is an efficient cooling/heating system in which a compressor is driven by a gas
engine and is brodening its application to the facilities such as schools and office buildings. It is difficult to
control the GHP system because of slow response, big time constant and timevariant system. These nonlinear
loads generate harmonic currents and create distortions on the sinusoidal voltage of the power system.
Harmonic field measurements have shown that the harmonic contents of a waveform varies with time. A
cumulative probability approach is the most commonly used method to solve time varying harmonics. This
paper provides an in depth analysis on harmonics field measurement of the GHP loads, harmonic assessment by
IEC 61000-3-2, and harmonic simulation and harmonic filter application using EDSA program for the case
study system.

Key Words : Gas Heat Pump, Harmonic Measurement, Harmonic Assessment, Harmonic Simulation,
Harmonic Filter, IEC 61000-3-6
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Table 4. Cumulative probability values for voltage

THD

A% B4 Ca

Order

95[9%] {CP] | 95[%] [CP] | 95[%] [CP]

3 0.80 0.73 04
5 1.42 1.40 15
7 0.77 0.72 0.7
9 0.39 0.24 0.3
11 047 0.37 04
13 0.63 0.61 0.6
15 0.33 0.19 0.2
17 042 0.43 0.5
THDV%] 1.80 1.70 1.7
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Table 5. Cumulative probability values for current

THD
A% B i
Order I"or1%1 CP | 951%] CP | %I%] CP
3 1624 2115 227
5 1435 1385 170
7 7.07 950 113
9 407 5.46 69
1 5.36 6.17 8.1
13 369 427 66
15 182 186 32
17 277 270 78
THD{%] | 1960 24.80 314
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Table 6. Harmonic current comparison
(GHP loads)

Harmonic A B4 o4

order | maesured | simulated | maesured | simulated | maesured | simulated
10 10 10 100 10 100
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018 17 {91 023 0138 443
A 08 18 14 4428 2
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Table 7. Harmonic voltage comparison(GHP bus)

Harmoric M BY ey
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1 100 1000 10 1000 100 1006
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3 084 | 016 | 0666 ; L4l | 03% ! 0N
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5 . 1238y 163 | 0% | 0B 09 138
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Table 8. Current magnitude and THD{(GHP branch)
measured simulated

values value

AR 1a[A] 53.40 54.63

Trup, al%] 15.42 15.39

BA Is[A] 49.141 50.07

Irnp, 8[%] 17.48 17.47

ou IslA] 40.93 41.97

Irup, 8[%] 20.85 20.83
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Table 9. Voltage magnitude and THD(GHP bus)

with
W
/0 the filter
ValAl 21594 21594
A
Vb, al9%] 1.74 043
ValA] 215.94 216.51
B4
Vrup, el%] 1.44 0.31
ca VslAl 215.36 215.94
Vrup, 8[%] 1.25 0.72
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Table 11. Harmonic current evaluation by IEC
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fimits[%]

5 56 020 | 019 | 008 | 153 } 083 | 08
1 34 021 ] 025 | 026 | 078 | 057 | 057
1t 15-3 614 1 009 | 001 ¢ 059 | 037 | 04l
13 115 006 1 0051 008 041 | 026 | 033
THDi%] 6-8 072 1075 1 075 ) 216 | 149 | 157

[ECA 43k 123 AFE ofg Zol A
ot

[

L= @

4714 LIAJE AleF Ao Asle dRela,
I ha} z9} Highelth

GHP A& T0kVA] ¥iSh7]0] 28 &3t o]

Ak,

S 750,000

fv V3 X380

=1,139[4}

¥ 112 4793 THD, ¥ 33t T893 &
(TDD, Total Demdnd Distortion) 4Eo.5 Akt
g3 Aot

[EC 9%+ nzvt AF W7t A3k 7
oo FHAYER BT 71EAE AR
o} obf EA7} glvka watEgich AT =
7+ F9F GHP ¥ahe & A[kVAIL R #HgY)
T0kVAJel ulsl] doid o= Zof nzn &z
(AL GHP 5317} Z7vshd &3} 51zt ajo]
3 giallo] g Ao AE)

31

| 9

37

&
i

g-—,—loﬁ_a&o



9 GHP d/dey ROI9 Anm |40 o

188 ME
7.8 B

GHP %-3he W/hir|2 otm 7ol Ya) AMg

53 itk A7ho) mek GHP %3 W%o| 21, ©

U & 54 Wi nzas BAsA o

az3 {7t 71Ee] 93 AFAke azv A
ol 94 & olstrt HEE o} alu, FE7ke
- g2E He] vellM nxst A/RE WEst A7)
F4E A FF o fASF s=d gtk

223 £3-& EC 61000-4-70l whe} A x 9}
10822 FA3Att €A1 &4 A& GHP
AN axd GNP ELS oF 1.47(%]01U 2,
B[%] FHEE &L oF 173{%]oIAUct. IEC
61000-3-6 712 80[%] Brhs €4 22 A%
o AR S40] 9 GHP 3t ARHEE
(THDI)2 °F 1791[%]°10 2, B[%] F+4 & Fe
% 25.20[%]°130Th ARl me} Wsks .z B}
€ THAYE(TDD) R #7dete Hrhshor stz
AR AR FRAFEL & 04 "7,
B[%] FHEE %2 oF 1740%)7t 8¢ EC 71E
o 6~8[%] RHrle Aok spAwt Wy &
T0KVAI®l vlsl GHP F-3h= o 0kVAILZ 4
Eez 7] WE o2 GHP 53 §3] S7lstd
2tz EAVF 24T Aoz Atasrh

az3} Y Z2aPE AHSte] GHP -39 &
&3 Algeo]dE st GHP Fet8 4%
&3 AFE ax9 AFeR gt Al A7 Al
TEE T8I, GHP 24 uxv HYE &
BT 3 A9 A o2 AlE ol Mg
% F2UHE QA8 123 A ZAE ¥
Bk FXUHE FEF3H GHP A2 AFe oF
B8A] BLFAT, AFRAFELS o 269%]) Za
sttt GHP =A34%ke) 271 o 0.38[V] 443
I, AYHHEL o 148%]o04 oF 049 %12 o)
ZFaHAch

=

AL

o} =E2 2009%3L JALEHE EHEHTIZU|
ojslo x| A=UR.

ot

-

2

References

(1) A Toba, and et al, “PWM Rectifier with DC Reverse-
blocking Diode for High-Reliability Germerating Apparatus
and lts Application to Gas Heat Pump System”, IHE
Power Electronic and Motion Control Conference, 2006.

{2) Y. Hasegawa, and et al., “Leaming Predictive Control for
GP”, IEE industrial Electronics Society, 2000.

(3) hetpt// www.overseas.sanyo.comy

(4) IEC 61000-4-7, “General Guide on Harmmonics and
Inter-harmonics  Measurement and  Instrumentation  for
Power Supply Systems”, 2002,

{5) BMI-PX5, “Basic Measuring Instrument Power Xplorer”,
Dranez co., 2004.

(6) POM Manual, “Power Quality Monitoring System”, Micro
Power Co., 2006.

(7} R C Dugan, and et al, “Electrical Power Systems
Quality”, McGraw-Hill Co., 2003,

(81 1BE Std PS518A-1996, “Cuide for Applying Hammonic
Limits on Power Systerns”.

(9) EDSA User’s Guide, “Flectrical Power System Harmonic
Analysis Program”, EDSA Micro Co,, 2009.

(10) IEC 61000-3-6, “Assessment of Emissions Limits for

Distorting Loads in LV Power Systems”, 2005,

O XXM O

LIE e »th)

19544 19 209048, 19779 oISt A71Res 2.
1977~1982\3  FuiAgd o d7Y.  1982~1984d
NMSU A7 F&3 SU(AAN. 1984~1988 UTA
A7I BT SYEAD. 1988~1991d PV ATA
Ad T 19919 ~dA FAhen Ao mH

LBE (2x®)
1982+ 89 8UAL. 20089 FANEE A7 FH 24
2008~ 8A FANGE g3ty As) S HAHA,

O|R &l (=x£x)

1984 629 2224, 20099 Foljstm 971 ¥ &9,
20093~ A4 FleT e 8r) Tt AATA,

Journal of KIIEE, Vol 23, No.4, April 2009



