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Abstract

Heavy chemical industries have nonlinear loads including elecrolyzers. AC-DC converters are the most
widely used in an elecrolysis in a chemical plant. The electrolysis consists of AC-DC converter groups
connected in parallel at the DC side. The converter operations cause harmonic currents and create distortions on
the sinusoidal voltage of the AC power system. This paper provides an in depth analysis on harmonics field
measurement for the electrolyzer loads and harmonics assessment by the international harmonic standards IEC
61000-3-6 and IEEE 519-1992.
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Table 1. Measured data by BMI-PX5

AR B 4 Cc i

A ¢k Vrms] 22.78 2292 22.83

A F#[Arms] 266.7 2696 268.5

e N &%) 225 221 2.28

5 o (%] 9.25 9.54 9.16

18 32 BMI-PX60.8 &% A¢3) AF 39
o2 Aot AR e
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Fig. 3. Measured voltage and current waveforms
of phase A
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day

R - HNZHRR=EN M20Y M2, 2006 28

r

EEREES S T R DL LA
108 S/ T
(v ns =y v ci i)

s ¥

. o,
— /\ / \’[/,/»
Zw AN F
P N 7
HA N N T
[ V'/ ,\\\'

4A <

&6

4 A ar X 3N ew ST i ta M AR L Qo GF MM WM WA D1 R er pad 1M @ O

Time

28 5. 315 5S¢ SYH MR AlZHEE
Fig. 5. Measured current time trend during one
day
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Table 2. Harmonic voltage assessment

A% | planning levaiy | A ¥ | B[ €2
2 16 0.128 | 0.056 | 0.069
3 40 1.063 | 0.684 | 1.309
4 10 0.003 | 0.013 | 0.022
5 5.0 1.147 | 1.275 | 1.059
6 05 10.016 | 0.013 | 0.006
7 40 .0456-| 0528 | 0.506
8 04 0.072 '{-0.088 | 0.078
9 12 0613 | 0578 | 0.528
10 0.4 0.038 | 0.016 | 0.016
11 3.0 0391 | 03 | 0356
12 0.2 0.016 | 0.025 | 0.016
13 25 0.275 | 0.278 | 0.263
14 0.2 0.059 | 0.05 | 0.034
15 0.3 0.078 | 0.047 | 0.05
16 0.2 0.059 | 0.059 | 0.044
17 1.6 0.403 | 0.419 | 0.434
50 02 0.094 | 0038 | 0.05
f[H/%V 65 2331 | 225 | 23%
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Table 3. Harmonic current assessment

As [BEESI x| Ba | ca
limits
3 40 | 1488 | 1047 | 1431
5 40 | 8172 | 881" | 8.053°
7 40 | 2369 | 2978 | 3047
9 40 | 0194 | 0053 | 0234
11 20 | 152 | 1503 | 1413
13 20 | 0688 | 0666 | 0713
5 20 | 005 | 002 | 0041
17 15 | 1253 | 1206 | 1125
19 15 | 0981 | 0991 | 0941
21 15 | 0031 | 0.063 | 0034
9 03 | 0059 | 0069 | 002
gol])) 50 | 9159" | 9372° | 9197
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Fig. 9. Harmonic current assessment
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Table 4-1. Harmonic voltage evaluation by the
assessment 1{phase A)

o [ECEOD3E) 19 ENIERIERERIEREE
T | planning levels | %1% CP| %1% CP | %) CP| 5% CP ) S0%) CP | S60%] CP|60%) CP

40 [099]081085/095[0.711 1.0 [1.03

40 1065]053{0.54]049)054]054}052

3
5 5.0 1.35113811.3111.26 1143142121
7
9

12 10691 0.7 [0.75]10.73]0.74]0.72 } 0.73

11 30 0510441041 04 1043043 |0.44

13 25 ]044102910.29]0.29[ 03 [0.29]0.29

15 03 1031]011{012|0.13]0.13}0.11]0.11

17 1.6 ]062]041{042]0.41]042|042]041

19 1.2 1064]0421047]1044)0431041]042

21 02 {029] 0.1 ]0.09(0.08{0.070.070.08

M| 65 [292|233| 24 |275|234 251|259
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Table 4-2. Harmonic voltage evaluation by the
assessment 1(phase B)

ECHON0-361 19 | 2 1 39 1 4 | 58 | 63| ™

| g sl |55 st |55 oo o) s cp g cp
3] 40 |068|053]072]073]038]066] 08
5 | 50 150 |144|157|148]141]161] 16
7 | 40 |077]061]058| 057 061]062]059

9 1.2 1062]0.63066]0.65)0.66|0.64]0.64

11 3.0 0541042 04 1036(/044] 04 | 04

13 25 1044/0341033]0.31/032{0.32]0.31

15 03 [032/011{012]0.12]0.13]0.11/0.11

17 1.6 1063]047]046]046|051]048]045

19 1.2 1065[038}042(0.37)041]0.38)0.38

21 0.2 03]01110.11] 0.1 1009]0.09] 0.1

M) 65 |296232|233|274[239| 241|245
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Table 4-3. Harmonic voltage evaluation by the
assessment 1(phase C)

e |ECOONSS] 18 T A T3 ] 15 ] T
T | planning levels 5] CP| %% CP | %] CP) %1% CP{ 3% CP) (%] CP |6} CP

4.0 1.02]073]081 1141161117 1.2

5.0 1311131 ]1.2511.1811.37]1.35|1.16

4.0 10377|0362|0.61 0591063 [ 0.6 | 0.6

1.2 10.73]0.71]0.76 {0.7410.77 1 0.73 ] 0.73

11 3.0 051]042[039{ 04 {041]043{ 04

13 25 ]043]03[031029[032]03 |03

15 03 1034]012]012]0.12]0.1310.11{0.11

17 16 1062]048]048]047] 0.5 1047]0.46

19 1.2 1063]0.35]0.38]0.35]037{0.35]0.35

21 02 1032[011]0.11}0.09]0.09]0.080.09

e 65 289(2.22)|2321272|1229]2.56|2.54
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Fig. 11. Measured voltage THD cumulative
probability distribution during one week
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Table 5. Harmonic voltage evaluation by the
assessment 2

e |EEWS T a4 B4 04
planning levels | %[%] CP %) Cp H%) Cp

3 40 0.98 0.71 1.12
5 50 1.41 1.58 .1.34
7 4.0 0.62 0.74 0.74
9 1.2 0.73 0.65 0.73
11 3.0 0.46 0.5 0.48
13 25 0.42 0.41 041
15 0.3 0.29 0.3 0.32
17 16 0.59 0.61 0.59
19 1.2 0.59 0.6 0.58
21 0.2 0.26 0.26 0.29
THDV([%]) 6.5 2.66 2.79 2.65
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Table 6. Harmonic voltage evaluation by the
assessment 3

I OS5 | A% B4 C4
planning leveisx]a | %90%) CP W% Cp %% Cp
3 6.0 1.06 0.8 1.22
5 75 1.44 1.61 1.37
7 6.0 0.65 0.77 0.77
9 1.8 0.75 0.67 0.77
11 45 05 0.53 051

13 3.75 0.44 0.44 043

15 045 0.3 0.32 0.34

17 2.4 0.62 0.63 0.61
19 1.8 0.63 0.65 0.63
21 0.3 0.29 0.3 0.32

THDV(%))| 975 2.71 2.84 271
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probability distribution during one day
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Table 7-1. Harmonic current evaluation by the
assessment 1(phase A)
Ao |EESH] 1B T 2 TR
T lmits [P RGP 93[ ]CP 6{04] CP | 1% CP { (%) CP | SH) CP

3 40 113811.091{125{135/096 145049
5 40 |766"1745"] 7.7 |9.32°|571° 815|853
7 40 |283]2621265]301 245286273
9 40 1031(0.21}022}0.22}018]023}|023
11 20 |17511591165[1.71 |158]155]165
13 20 [082)081[082({088/084]085]084
15 20 101701101101 {01]01]01
17 15 1291128} 13 1131]128/129]1.26
19 15 (101]1.01(101}1.03/1.0111.04]1.02
21 15 1008/0091 01 {009]0.09[0]1 )01

&%J) 50 |7.98"|749"|803"|9.89"| 657" 850" |9.49°
%] 'c 71EAE 238E §E debach
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Table 7-2. Harmonic current evaluation by the
assessment 1(phase B)
spes | EEEDD L I I I I A I I T
Tmits | 6%} CP | 0%} CP | 0% CP | %] P [ CP ‘H/]CP o Cp
3 4.0 1431098117133 109 1371145
5 40 174371733 (75971 9.11° {5647|7.91°[8.29"
7 40 1331(2951297] 332 12813161 307
9 40 1029102510271 022 ] 02 1027025
11 2.0 1561154159 1.65 | 1551153158
13 20 1083/0821082] 088 [0.85]0.85]083
15 20 1011]1011[ 01 10091009701 |0.11
17 15 1126112411251 125 1125|1.26]1.21
19 15 11011101 101102} 10 [103]101
21 15 j011701)011 01 J01]01]01

| 50 [806|757 |822°| 105" |675 | 8667 0.49°
3] += 71EAE 27eE R UEhag,
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Table 7-3. Harmonic current evaluation by the
assessment 1{phase C)
A4 BEESW | 19 1 9 [ 39 1 4 |59 [ 6070
| tmils | % CP| %) CP %) CP | A CP | YA CP | A CPY S CP

3 40 110810871.09]| 13 [084]129] 14
5 40 |7.19°172" |7.47°|8.89"|557"| 766|806
7
9

40 134413283291363]|317 (345342
40 10291022:023]0211021]022]022
1] 20 11581149/153/159]151)151]151
13 20 1083)082082]086|086]085 082
15 20 101 1011]011]011/01110.11)0.11
17 15 11211212 1119121112116
19 15 0891101099101 066)1.02|099
21 15 1003101 701{01/01]01]01

(%) 50 |[8067|7.437|7967|9.71°[6.76"|8.39"|9.21

F] e 71X E 23 2E dEAn.

(354



ra
k=]
B
I
o
10
k-
B}
=
I

Y N Fop o A

71& 201 9|3 mzv} H71E [EEE 5199 283
ot 102 EA ko] 4 2E %5[%]7t
Z¥stt 29 132 PQMAH]

|=]
2 9FY $U 342 FHEE FIwolw, A

X
ot
=
e
o

<
rir
2,
o

140 0%
R Frequency —8— Cunmbuiive Probwlibty g *
- 0%
0o
1201 v .
: i
1000 ey
4 //
F
P S
E a0 y
3 ,,—'/ I %
=
s a
S s o
5
H |
E wn - w
2 .
= L | -
200
I I I I I I I I I -
w L.

S WM 63 680 750 B0 A 030 9
Phase-A Current THD[%]

23 13, UFY S0 HE MR YYEY THEZ
Fig. 13. Measured current THD cumulative
probability distribution during one week
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Table 8. Harmonic current evaluation by the
assessment 2

e |[EEE 519] A 4 B 4 C 4
limits | 99[%] CP|99[%] CP|99[(%] CP
.3 40 1.42 257 1.24
5 40 872" 8.03" 8.28"
7 40 2.83 0.79 3.44
9 40 0.24 0.29 0.23
11 2.0 167 0.32 0.84
13 20 0.84 0.32 0.84
15 2.0 0.1 009 | 011
17 15 1.29 0.13 1.2
19 15 1.02 0.11 1.01
21 15 0.1 0.07 0.1
TDD . . .
() 5.0 972 9.79 9.43

o 4% 7ol {88 et

71 30 9% 23 AF 7 [EEE 5199 3
3t} AFY FH 10 FAFe] 74 FE 9(%)
7} AR E deA] Brhed B 9 V1€ 30 9
1zs AF WrHE Y FRTh
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Table 9. Harmonic current evaluation by the
assessment 3

PP [EEE 519 | A % B4 o'y
limitsx1.5 1 99[%] CP{99[%] CP|99[%] CP
3 6.0 151 3.03 14
5 6.0 932" 8.89 889"
7 6.0 36 3.28 3.62
9 6.0 031 0.32 0.29
11 30 175 0.82 0.87
13 3.0 0.88 0.82 0.87
15 3.0 0.11 0.1 0.11
17 2.25 1.32 1.26 122
19 2.25 1.02 1.01 1.04
21 2.25 01 0.1 0.11
TDD . . .
(%D 75 10.22 1.032 9.97
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