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Analysis of neutral line current and output voltage
characteristics of a 3—phase UPS with nonlinear

unbalanced loads

Moo—Sub Park

Department of Electrical Engineering
Graduate School of Industry

Pukyong National University

Abstract

UPS (Uninterruptible Power Supply) is widely used to provide the
clean electric power for critical loads. The critical loads include
personal  computers, measurement eguipments, electric control
systems, ctc. Usually the input stage of the above mentioned loads
is constructed with diode bridge rectifier. Therefore, there are large
pulsed currents around the peak voltage of the UPS output, which
results in a distorted voltage waveform. The larger current the
severe distortion. The harmonic components of the distorted voltage
may causc malfunctions of relays, communication equipments, and
control systems.

KT Busan Center has 103 sel of UPS and the total power rating
is 1,350 kVA. The majour loads of the UPS are IDC, optic
transmission, CAMA, bhusiness, LCR, M/W, DRC, etc. Most of the
loads have nonlinear characteristics like diode rectifier. Thus, in

some cases, the THD of the UPS output voltage is over 5 %.

This paper deals with the analysis of the output voltage and the

Avi__



reduction of the THD. The output voltage 1s analysed with the
variation of loads and load unbalance. One of the cost—ellective
methods  for the reduction of the THD is the insertion of an
inductor in Lhe neutral line of the UPS. The simulation results show
that an induclor of several mH can reduce the THD significantly,

This results will be helpful in the design and upgrade of the UPS.
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34 UPS 28 X3l THEE a79=y]), dAxuszr] /08 PC,
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(1) 989 F25A
% 21949 4 A
T R AV (AT |59 (H) | 98 (%) | BsH43(KVA) | 1] 3
R A1 210.4 31.7 60 7.99 6.7
S A 2125 29.5 60 7.84 6.3
T AH| 212.3 30.6 60 8.34 6.5
(2) 29 £H=4
® 2229 49 3%
T 2| AL | HF ) |75 (o) | 198 (%) | FHEFEKIA | ¥ 2
R 4 208.2 23.2 60 9.95 4.8
S 4| 214.0 9.2 60 4.52 2.0
LT A+ | 207.8 24 .4 60 11.97 5.1




(3)

Voits

Amps

2499 3 HEER, S, T

Unit A B C ARC
v 208.2 214.0 207.8 210.9
I 23.2 9.2 24.4 56.8
~ kVA 4.8 2.0 5.1 5.8
Vthd 9.95 4.52 11.97 11.87
Ithd 54.50 56.12 45.54 56.12
Hz 60.0 0.0 0.0
Event waveform/detail
400
300

Wb N s -
X x

100 Y
N VZANEE VANER VAR
N ™

-100

77

7 NV

-400

75

50 ay

” i\ T

DA S\ WA

- — S,
_25 \.\"\/‘ﬂ\/ h\‘\/\/\“\_’\
-50 v
75 - , v ‘ T
11:03:04.000 11:03:04.005 11:03:04.010 11:03:04.015 11:03.04.020
CHA Volts CHB Volts CHC Voits CHA Amps
CHB Amps CHC Amps

Snapshot event at 2003-10-02 11:03:04.000



(4) 493 2 HFSRY)
Event waveform/detail

300

" N
/ \ |

100 /

Voits
f=1

AN /

-200 \IJ_/I -
300 ;
75

50 fr
25 n/u \ I

AL |

Amps
o

\

75
11:03:04 000 11:03:04.005 11:03:04.010 11:03:04.015 11:03:08.020
CHA Volts. CHA Amps.
Snapshot event at 2003-10-02 11:03:04.000
Event waveform/detail
% of FND
125
Phase
FND 89.2
Hoz | 3253
0.0 Ho3 | 2529
Ho4 | 3050
Ho5 | 2831
75 Hoe | 3362
HO7 432
HO8 | 2954
Ho9 | 1099
5.0 Hio ] 3112
H11 | 2878
Hi2] 1128
25 H13 188
Hi4 | 2803
l H15] 2266
Hi6 386
0.0 - H17 | 2497
Thd HO5 Hto H15 H20 s | 1727
CHA Voits H19 44.2
H20 3209
Total RMS: 208.45 Volts
DC Level : 0.11 Voits
Fundamental{H1) RMS: 207.40 Volts
Total Harmonic Distortion (H02-H50}): 10.03 % of FND
Even contribution {(H02-H50): 0.30 % of FND
Odd contribution (HD3-H49): 10.02 % of FND

Snapshot event at 2003-10-02 11:03:04.000
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Event waveform/detail
400
i
300 !
|
200 /
100
o 0
> !
-100 {
|
200 -
|
300 4>~ ;
-400
30
20 ,n\/\
10 :
L~ |
2 ,,r-s/“l \.,\ :
£ 0 s :
" )\Uf\
N \U[\/
i
-30 - .
11:03:04 000 11:03.04.005 11:03:04.010 11.03:04.015 11:03.04.020
CHB Valis CHB Amps
Snapshot event at 2003-10-02 11:03:04.000
Event waveform/detail
“% of FND
8 Phase
FND 2103
HO2 951
4 Ho3 | 2143
Ho4 192.6
HO5 63.4
3 HO6 788
HOT | 2016
Hoa 75.0
B Hog 329.7
2K H1d 92 4
Wit | 3218
Hiz2 190.7
1 H13 150.4
Hia | 300.9
H15 2938
Hi6 144.0
0 ] H17 1305
H13 Hzo H18 230.8
CHB Voits H18 170 4
H20 2273

r

Total RMS: 214.14 Volts
DC Level : 0.17 Voits

Fundamental{H1) RMS: 213.50 Volts

Total Harmonic Distortion (HO02-HSO): 4.62 % of FND
Even contribution (H02-H50) 0.41 % of FND
0Odd contribution {(H03-H459): 4.60 % of FND

Snapshot event at 2003-1002 11:03:04.000
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(6)

Volts

Amps

Total RMS: 207.97 Volts

DC Levei : 0.43 Volts

Fundamental{H1) RMS: 206.50 Volts
Total Harmonic Distortion (H02-H5Q):
Even contribution {HD2-H50):
QOdd contribution {H03-H49):

11.92 % of FND
0.35 % of FND
11.91 % of FND

Snapshot event at 2003-10-02 11:03:04.000
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Event waveformidetail
300
200 h\
\ i
100 -
\ ;
° \ / :
100
-200 /
-380
75
50 /\,\[A\
25 A :
0 RSN ——— ‘
i
\\“\m/
-50 W
-75
11:03:04.000 11:03:04 005 11:03:04 010 11:03:04 015 11:03:04.020
CHC Volts CHG Amps
Snapshot event at 2003-10-02 11:03:04.000
Event waveform/detail
% of FND
125 Phase
FND | 3309
Hoz | 2184
10.0 HO3 574
HO4 556
HOS 1061
Hos | 2073
78 HO7 | 2435
Hos 1273
Hog | 1741
5.0 H1o 355.7
Hi1 1378
H1z | 3038
25 H13 256.4
Hi4 | 3319
H15 812
H16 8.4
oo 4 _ H17 450
Thd HOS H10 H15 H20 18 18 1
CHC Valis H1% 2734
Hz0 2653




PR g gE el uprsel EHR“HOL] Ao a2 Sol olxa A
At g, Rl &S LvEd oo & 239 gk

s 2 laaas 0 vasa saan ERAEETE
[KVA] V] [KVA] [V] . KVA
[ %] (%]
2104 | 7.99 6.7 | 208.2 | 9.95 4.8
20 |s| 2128 | 7.84 63 | 214.0 | 452 2.0
TV 2123 | 8234 | 65 | 207.8 | 11.97 5.1
RI 2140 | 6.00 248 | 2227 | 552 26.4
150 |s| 2151 5a8 | 214 | 2222 | 502 17.6
1l 2154 | s2s | 248 | 2221 | sa2 24 9
IRl 2154 | 550 198 | 2227 | 552 26.4
100 | S| 21600 | 512 177 | 2222 | 502 17.6
rl 2164 | 5.14 195 | 2221 | 512 24.9
 Ir| 2154 | 550 19.8 | 222.7 | 552 26.4
75 |s| 2160 | 512 177 | 2222 | 502 17.6
Il 2164 | 5.14 195 | 222.1 | 512 24.9
~ R| 3706 | 387 72 | 212.8 | 567 2.0
50 S| 3706 | 4.35 7.9 | 213.2 | 1017 4.1
T 368.2 | 4.08 88 | 2099 | 6.45 41
R| 3880 | 4.04 85 | 208.3 | 5.88 5.8
50 |s| 3886 | 12.94 9.0 208.0 | 9.99 1.7
T 384.6 | 3.83 9.1 | 210.8 | 9.65 3.3
Rt 394.6 3.91 8.6 208.3 5.88 5.8
50 |S| 3946 | 392 | 88 | 208.0 | 9.99 4.7
T| 3910 | 3.838 9.6 | 2108 | 965 3.3




H* 2.3 7 UPS Y

“EA‘}‘(}*Z

1R , =A%

2 & % A=A o FataaF | g s N-ah8

[KVA] (vl [KVA (vl , [KVA]
[%] [%]

I 223.8 2.71 6.5 zoqz 2.63 2.0
A 50 2197.757 1.52 7% 210.2 %sz 1.3
214.8 2.93- Pm:s.a 207.9 1 3.36 1.9
208.977 2.37 137 — 206.0 3.62 10.4
TRk 30 207.6 398 12.2 znm 5.05 7.9.2
20(:3.; 278 " 121 208.7 _-3_88 7.3
206.2 7'(5.27 7.0 210.7 4.95“ 3.0
Ab B |30 205.8 5.98 6.5 208.0 5.00 5.4
205.7 »é.oo 7.4 209.7 2.75 5.3
i 379.9 2.58 6.7 381:0 0.86 2.3
o 30 381.3 2.24 2.3 381.74 70.75 1.4
381.0 2.45 8.1 BSLVI “ 0.73 0.1
375.7 2.14 2.5 3184 1.8 4.5
2| 20 374.3 2.14" 2.9 -~ - -
373.5 1.91 2.9 - -
ooy o1 216.7 4.8 2.7 2228 10.46 1.7
%} 2 10 214.5 6.4 4 220.2 1.81 1.5
4 A 10 217.7 1.88 1.4 217.9 4.01 1.0
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