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» Bachelor's Degree in Industrial Electrical Technology, KMIT'NB

» Master's Degree in M.BA., STOU

» Doctor's Degree in Public Administration , SPU

» Bachelor's Degree in Occupational Health and Safety (B.Sc. OH&S) , STOU

» Bachelor's Degree in Robotics and Automation Systems Engineering, SU (Studying)

»  Professional Engineer (Electrical Power), License No. 6780, COT

»  ASEAN Chartered Professional Engineering, Registration No. 89261 , ACPECC

»  Electrical Inspector ; License No. 0302-01-2565-0007 , DLPW

Dr.Pichet Thainiyom

»  Building Inspector, License No. 2424/2555 , DPT

30+ yrs. Experience in Electrical Engineering »  Energy Auditor(Asst.), License No. B.0158 , DEDE

LV HV Overhead Underground 22.33.115,230kV »  Regulated Energy Generation Systems Inspector , Reg. No. 000160 , DEDE

21+ yrs. Experience in Power Factor & Harmonic . e
y P » Speaker ; Power factor Correction and Harmonic Filtering

14+ yrs. Experience in Electrical Safety Inspection . ' _ o .
» Committee ; Electrical System Inspection Association (ESiC)

» Managing Director : PTES Co.,Ltd.
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POWER TRIANGLE AND POWER FACTOR
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Power Factor (pf) =

kA=A + kVAR

kW (Real Power)

kVA (Total Power)

kW (Real Power)
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Capacitor Element

A - Capacitor with Internal element fuse
B - Capacitor with External fuse
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Shunt power capacitors of the self healing type

for a.c systems having rated voltage up to and including 1kV
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Self Healing

An electric breakdown is possible in the capacitor films due to
electric or mechanical over stress. Due to this a small area of
metallization will get evaporated and the capacitor will continue to
be in service. Continuation of these phenomena will reduce the

capacitance value as well as life of the capacitor over a period of
Figure 1 - (a) Metal layer - (b) Polypropylene film  time.

(b)

Self-healing is a process by which the capacitor restores itself in
the event of a fault in the dielectric which can happen during high
overloads, voltage transients, etc.

When insulation breaks down, a short duration arc is formed

Figure 2 (figure 1).
The intense heat generated by this arc causes the metallization in
the vicinity of the arc to vaporise (figure 2).
Simultaneously it re-insulates the electrodes and maintains the
operation and integrity of the capacitor (figure 3).
Figure 3
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850 kW 953.94 kW
kW (Real Power) kW (Real Power)
%’ %’ 226.78
Q. Q.
-526.78 kVAR - 526.78 kVAR
Vs, ) ®
1000 kVA "%, € % 300
VA= VI + VAR VA= VEW? + kVAR
_ KW (RealPower) _ 850 _ kW (Real Power) _ 953.94
Powec:Facior () ™ TVA [Totsl Power) 1000 Power Factor (pf) = (VA (Total Power) ~ _980.53
= 0.85 = 0.97
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N19AMAAY Capacitor Bank 30% UaINNANNBLLRY

850 kW 850 kW
kW (Real Power) kW (Real Power)

g
o
8]
=1472.24 kVAR
/'@ ®
1700 kVA "%, <
R e
2
kA=W + kVAR kA= + kVAR
KW (Real Power) _ 850 _ kW (Real Power) _
Power Factor (pf) = o Tl Power) . 1700 PO Faclor (1) = A TTotal Fower)
= 0.50 = 0.66
9 iamp D (VMEC) Faovuies [TO) 0 fA] 5:@ AV o DS
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kVAr (Rective Power)
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81.30 kVAR

99.20 - 81.30 = 17.90 kVAR

18 x 57.07 = 1,009.2 unn
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Power Factor (pf) =

kA=A + kVAR

kW (Real Power)

kVA (Total Power)

kW (Real Power)
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et are e, [@:50] 173 ] 159 ] 153 [ 148 | 144 ] 140} 137 [134] 131 | 128 [ 125 | 122 [119 ] 117 [ 114 [1nn [ 109 w06 ] 103 [aon] 98 | =) o0 ' oT0
SYSTEN NSPECTOR ASSOGATION 0.51] 169 | 154 [ 148 [ 144 | 139 [ 136 132 [ 129 | 126 [ 123 | 120 | 117 [ 115|112 | 109|107 [ 104 [ 101 | 99 | 96 | 94

0.52] 164 [ 150 [ 144 [139] 135131 128 | 125 122 [ 119 [ 116 | 113 [ 110 108 | 105|102 [ 100 ] 97 | 94 [ 92 | 89
0.53] 160 [ 146 [ 140 [ 135] 131 [127 | 124 | 120 127 [ 114 [ 112 | 109 (106|103 | 101 98 | 95 [ 93 [ 90 | 88 | 85

0.54) 156 | 142 | 136 | 131 | 127 | 123 | 120 | 116 | 113 [ 110 107 | 105|102 | 99 | 97 | 94 | 91 | 89 | 86 | 83 | 81

@
Power Factor value after adjustment.
ESI( I ﬂ@ E! 1.00( 099 [ 0.98| .97 | 0.96 | 0,95 | (,94 | 0.93 | 0,92 [ 0.91 [ 0.90 | 0.89 | 0.88 | 0,87 | 0h86 | 0,85 | 0.84 | 0.83 [ 0.82 | .81 [ D.BD

www.ptes.co.th

N1TUIAUIA KVAR 0.55f 152 [ 138 [ 132 [ 127 [ 123 119|116 [ 112 109 [ 106 [ 103|101 | 98 [ 95 | 93 | 9o [ 87 | 85 | 82 [ 79 | 77
0.56] 148 | 134 [ 128 [ 123 | 119|115 [ 112 [ 108|105 [ 102 [ 1w00] 97 [ 94 | 91 [ 89 [ a6 [ 83 [ 81 | 78 | 76 | 73

Active Power (kW) 0,57 144 | 130 124 {119 [ 115 [ 112 [ 108 105|102 99 [ 96 | 93 [ oo | 87 [ a5 [ s2 [ a0 [ 77 | 74 | 72 | &9
R 0.58] 140 126 [ 120 {115 [ 111 [ 108 [ 104 [ 101 98 [ 95 [ 92 | 89 [ a6 | a4 [ 81 [ 78 | 76 [ 73 | 71 | 68 | &5

— 0.,59) 137 123117 [ 112108104 [ 101 97 | 94 [ 91 [ 83 | a6 [ a3 [ a0 | 78 [ 75| 72 [ 70 | 67 | 64 | &2

0600133 ) 119 | 113|108 | 104 [ 100 | 97 | 94 | 91 | 88 | 85 | 82 | 79 | 77 | 74 | 71 | 69 | 66 | 64 | 61 | 58
0611130 ) 116 | 110 (105 101 ) 97 | 94 | 90 | 87 | 84 | 81 | 79 | 76 [ 73 | 71 | 68 [ 65 | A3 | 60 | 58 | 55
0620127 | 112 (106|101 | 97 | 94 | 90 | 87 | 84 | 81 | 78 | 75 | 73 | 70| 67 | 65 | 62 | 59 | 57 | 54 | 52
0631123109 | 103 | 98 | 94 | 90 | 87 | 84 | 81 | 78 | 75 | 72 | 69 | 67 | 64 | 61 | 59 | 56 | 53 | 51 [ 48
D64)120)| 106 | 100 | 95 | 91 | 87 | 84 | 81 | 77 | 74 | 72 | 69 | 66 | 63 | 61 | 58 [ 55 | 53 | 50 | 48 | 45
0650117 ) 103 | 97 | 92 | 88 [ 84 [ 81 [ 77 | 74 | 71 | 68 | 66 | 63 | 60 | 58 [ 55 | 52 | 50 | 47 | 45 | 42
D66y 114 | 100 | 94 | 89 | 85 | 81 [ 78 | 74 | 71 | 68 | 65 | 63 | 60 | 57 | 54 | 52 | 49 | 47 | 44 | 41 | 39

Appearance Power Reactive Power of

(kVA) capacitor (kVAR)

Formular
A 0670111 97 |90 | 86 | 82 | 78 | 75 | 71 | 68 | 65 | 62 | 60 | 57 | 54 | 51 | 49 | 46 | 44 | 41 | 38 | 36
S D63|108| 94 | 88 | 83 | 79 | 75 | 72 | 68 | 65 | 62 | 59 | 57 | 54 | 51 | 48 | 46 | 43 | 41 | 38 | 35 | 33
Q¢ = 0.69] 105] 91 [ 85 [ 80| 76 | 72 | 69 | 65 | 62 | 59 | 56 | 54 | 51| 48 | 46 | 43 | 40| 38 | 35 | 33 | 30
100 o70l102| 88 | 82 | 77 | 73 | 69 | 66 | 62 | 59 | 56 | 54 | 51 | 48 | 45 | 43 | 40 | 37 | 35 | 32 | 30 | 27
By 0.71] 99 [ 85 [ 79 [ 74 | 70 | 66 | 63 | 60 | 57 | 54 | 51 | 48 | 45 | 43 | 40 [ 37 [ 35 | 32 | 29 | 27 | 24
Qc : The capacity of the capacitor required. [kvar] 0,72) 96 | 82 | 76 | 71 | 67 | &4 | 60 | 57 | 54 | 51 | 48 | 45 | 42 | 40 [ 37 | 34 | 32 | 29 | 27 | 24 | 21
P - Load [kKW] 0.73] 94 | 79 | 73 | 69 | 64 | 61 | 57 | 54 | 51 | 48 | 45 | 42 | 40 | 37 [ 34 | 32 | 29| 26 | 24 | 21 | 19
D74] 91 | 77 | 71 | 66 | 62 | 58 | 55 | 51 | 48 | 45 | 42 | 40 | 37 | 34 | 32 | 29 | 26 | 24 | 21 | 18 | 16
0750 88 | 74 | 68 | 63 | 59 [ 55 0 52 | 49 | 46 | 43 | 40 | 37 | 34 [ 32 | 29 | 26 | 24 | 21 | 18 | 16 | 13
Example D.76] 86 | 71 | 65 | 60 | 56 | 53 | 49 | 46 | 43 | 40 | 37 | 34 | 32 | 29 | 26 | 24 | 21 | 18 | 16 | 13 | 11
0.77] 83 | 69 | 63 | 58 | 54 | S0 | 47 | 43 | 40 | 37 | 34 | 32 | 29 | 26 | 24 | 21 | 18] 16 | 13| 10| 8
Rated of Load P = 1,000 kw D.78] 80 | 66 | 60 | 55 | S1 | 47 | 44 | 41 | 38 | 35 | 32 | 29 | 26 | 24 | 21 | 18 | 16 | 13 | 10| 8 | 5
P.F. before adjustment Spe 079 78 | 63 | 57 | 53 | 48 | 45 | 41 | 38 | 35 | 32 | 29 | 26 | 24 | 21 | 18 [ 16| 13| 10| 8 | 5 | 26
P.F. after adjustment - 0.95 0.80] 75 | 61 | 55 | 50 | 46 | 42 | 39 | 35 | 32 | 29 | 27 | 24 | 21 | 18 | 16 | 13| 10| 8 | 5 | 2.6
el 72 | 58 |52 | 47 |43 |40 | 36| 33 [ 30|27 2a] 21| 18| ae 18| 10| 8 | 5 |26
Values from the table =55 D82l 70 | 56 | 49 | 45 | 41 | 37 | 34 | 30| 27 | 24 | 21 | 19 | 16| 13| 10| & | 5 | 26
Qe = 1,000 * 55 - 550 kvar 083 67 [ 53 [ 47 [ 423834 [ 312825 [ 2219|1311 ] 8] 5 [26

100 D.84) 65 | 50 | 44 | 40| 35 | 32 | 28 | 25| 22 | 19 | 16 | 13 | 11 8 5 | 26
0.85) 62 | 48 | 42 | 37 | 33 | 29 | 26 | 22 | 19 | 16 | 14 | 11 8 5 2.6
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Selector switch

Pilot lamp

Push button switch On/Off

Name plate & Mimic
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Promire ecition
First edition
2003-04

Condensateurs de puissance —
Batteries de compensation du facteur
de puissance basse tension

Power capacitors —
Low-voltage power factor
correction banks

IEC

Numéro de référence
Relecance number
CEIWEC 61821:2003
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CAPACITOR

www.ptes . co.th

Tests according to IEC 61921 to validate the APFC design is
conducted

A. Type Tests

B. Routine Test

A. Verificaton of type tests

¢ Temperature rise test

o Dielectric properties

¢ Short circuit withstand strength

e Effectiveness of the protection circuit
¢ Clearance and creepage distances

¢ Mechanical operation

¢ Degree of protection

B. Routine Test

e Inspection of assembly including inspection of wiring and if
necessary electrical operation test

e Dielectric test

¢ Checking of protective measures and of the electrical continuity
of protective circuit

¢ \Verification of insulation resistance
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Judgment of Capacitor Defect or Not

Low voltage capacitor unit Test

1) Capacitor (uF) measurement

LOCATION : -
PANEL NAME : MDB PANEL

1. SPECIFICATION OF EQUIPMENT IN CAPACITOR PANEL

1.1 Power Factor Controller : XXX
12 FUSE 1125 A
13 Magnetic Gomtacttor & Step_125455.10.11.12 XXX Sizp7 55 XXX » High voltage capacitor : allowable tolerance -5% ~ 10%
14 Capacitor L XXX 50 KWAR 400V 50Hz XXX
2. VISUAL INSPECTION i z
2.1 Power Factor Controller v . LOW VOltage CapaCltor :
22 Capacitor Bank Visul v
ZEMCoBicTec ¥ - less than 100kvar allowable tolerance -5% ~ 10%
2.4 Power Cable check (1x35 sqmm.) ¥
2.5 Magnetic Contactor check v
28 Temingtion 2nd Moarting shesk ¥ - over 100kvar allowable tolerance -5% ~ 5%
3. CAPACITORTEST
Insulation Resistance Test p Calculated
Step by 500 VDC (MQ) i ) Capacitor (uF) | Resuit
Phase A-G | PhaseB-G | Phase C-G | Phase A-B | Phase B-C | Phase C-A
o T T T S T T O M 2) Rated current (A) measurement
2 76 79 79 504 488 503 498 PASS
3 73 56 64 490 490 479 198 PASS
4 15 15 64 490 183 478 498 PASS
5 15 16 17 491 182 478 498 PASS
G 2 2 2 74 o1 ] 198 PASS
7 15 15 17 474 486 499 198 PASS
8 6.2 63 6.4 544 501 482 198 PASS
s 64 64 63 189 191 188 198 PASS
10 7 9 7 492 482 487 198 PASS
1 55 54 5% 527 489 475 498 PASS
o e o B B o B Actual inputvoltage [V]

P ——— Capacitor current [A] = Rated current [A] x

arxi0® - W Capacitor rated voltage [V]

T3x2 xmxf x¥?

C SHERE T rmenn e WP

measurement

Tolerance = 398 - 547 WF

L/ V capacitor recommendation standawd. Referning to IEC831-1,2 : 5%, +109% BASE ON PTES :-20%, +10%

Insulstion resistance : Standard IEC must don'tlow  { M-Ohm

5. RESULT OF TESTING : Normal

6. COMMENT :
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Active Power Us U
; Current ILoad s
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4 Capacitive 4
Resistive Current
X | - ;
\ Isvg ' Us \
SVG cabinet { \
L1 - | Reactive &
S jmc Unbalanced Load
-~ Static Var Generator

Air Outlet
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Electronic Base S

Single Phase Equipments
- Electronic Ballasts
- Computer System
- SMPS Equipments

HARMONIC SOURCES Three Phase Power Electronic Equipment
- Power Rectifier
 Electronic Base - Static Power Converter : SPC

- Adjustable Speed Drive : ASD

¢ Magnetic Core Base = - Programmable Logic Controller : PLC
i " Magnetic Core B
* ARC/GAS Discharge Base agnetc Lore base
- Transformer
- Motor

- Magnetic Core Ballast

ARC/GAS Discharge Base

- Arc Furnace
- Induction Furnace
- Arc / Spot Welding
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Harmonic in Electrical System of Building

Elevator

UPS

Computer

Bridge Rectifier

Motor Drive
< Harmonic Source >
Power Supply

Bridge Rectifier

Ballast Electronic
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Spectral Data for Figure 4.2,
120V Refrigerator Current
Ang - Ang -
Harmonic Mag - % Sine Deg|Harmonic Mag - % Sine Deg|
1 100.00 -31 2 3.50 -48
3 5.10 101 4 0.40 98
5 0.50 124 6 0.30 152
7 1.00 10 8 0.20 55
9 0.40 =57 10
11 0.20 -103 12
13 0.20 -180f 14
15 0.10 129, 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
31 32
33 34
35 36
37 38
39 40
41 42
43 44
~ 45 46
47 48
Figure 2.2. 120V Refmgerator Cwrent. 49 50
THD, =63%
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) Spectral Data for Figure 4.3,
240V Residential Air Conditioner Current
3 Ang - Ang -
EE Harmonic Mag - % Sine Deg|Harmonic Mag - % Sine Deg.
E? 1 100.00 =23 2
EE 3 8.00 110 4
== 5 6.80 ss 6
B
EE 7 0.50 165 8
EE 9 0.60 82 10
== 11 0.30 157 12
13 14
% 15 16
17 0.20 87 18
19 20
21 22
23 24
25 26
27 28
@ 29 30
0t 31 32
ot 313 34
(R 35 36
§ 4 37 38
i ) 39 40
| 41 42
t1d | 43 44
G 45 46
Figure < 3. 240V Residential Air Conditioner Current. 47 43
THD, =10.5%. 49 50
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Spectral Data for Figure 4.4,
277V Fluorescent Lamp Current (with Magnetic Ballast)
Ang - Ang -
Harmonic Mag - % Sine Deg|Harmonic Mag - % Sine Deg.
1 100.00 -2 2 2.00 -117
3 15.80 -150 - 0.40 168
5 8.60 -128 6 0.30 47
7 2.90 -73 8 0.10 8
9 2.00 -32 10
11 1.40 6 12
13 0.80 29 14 0.20 -49
15 0.40 32 16
17 0.20 -17 18
19 0.50 =56 20
21 0.40 49 22 0.20 -133
23 0.20 -65 24
25 26
e 27 0.10 162 28
0z 29 30
01, A /\’\ 31 32
§ B 33 34 0.10 -166
35 0.10 -42 36
i \/J \/‘ 37 38
02 39 40 0.10 149
£3 41 42
Figure 4.4, 277V Fluorescent Lamyp Current (with Magnetic Ballase) jg j‘;
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Laser Prninter
Dot Type Printer

Electronic Typewriter

112.6 - 179.3
140.8 - 178.8

20.6 - 43.3

Equipment Range of THDA (%)
Idle Operating
1. Electronic Ballast with Tubular F.L. ; 107.5 - 155.4
2. Compact F.L.(with Electronic Ballast) - 134.8 - 152.6
3. Micro-computer 129.7 - 164.2 164.5
Color T.V. - 1293 -155.6
Copying Machine 47.2 -129.0 | 147 -17.1
Fax Machine 1253 - 133.5145.8 - 168.9

-9.4
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I Application of Rectifier in Welding
Application of Position Control Motor

I
I
|
|
v

Position Control
Include
- Rectifier Circuit

- Pulse Width Modulation

- Speed Control

Welding
Include

- Rectifier Circuit
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il Computer Numerical Control : CNC

- Rectifier Circuit

- Pulse Width Modulation

;:Egng —TTTTT. 10 THOWOUBEY (o175 Instruments ESIiC VISION: ilusapntfihmuntismnissauizuuinva iy msg
B

o [-.A IAD @ED ﬁ'[&. ’ﬂfﬁ]@g&: Gm @ *Orange Green . ,PMS. :HD; _ Dr. Suwilac pé“"“ﬁé" ‘ﬁ' Pichet W“""':Y‘”"



PTES

CAPACITOR
www.ptes, co.th

HARMONIC SOURCES

e Electronic Base
— Three Phase

- Power Rectifier
- Static Power Converter : SPC

- Adjustable Speed Drive : ASD
- Programmable Logic Controller : PLC

o lx A-IAD

‘I’HERMO T

2’;, Saailac péan{ﬁéa jjr. eo]};'l.'/fo& :./;t"mfrt{ycm
SiC VISION: wusapntshmunnnosausuuivvsmuywss



m, P H

Information

Engineering vg ! o @ o
KMITU 4. ! ok

DUAL DEGREE Pro scnoot ot tnameerima K MITL CAPACITOR

www.ptes, co.th

- e
' SAFTRONICS

E =

HHD) ESiC VISION

A Figly v

GTO TEOMNOLOGY (D, urn
—
TRAC=R o " 5 173

PMS /‘ * D’Z 56‘6#6[46 pé“"ﬂﬂéa ﬁ" f])lfrol ,Z-anuyom




ESIC4 [icTe) 2= PHYSIoT AloT PTES

7997 & Istarmation Emgmeerieg
08 BTN Ao DUAL DEGREE 70 scnoot o enamoerma KM I TL CAPACITOR

www.ptes . co.th

Variable Speed Drive (Pulse Width Modulated (PWM) Drive)
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Conveyor

Speed Control Roller

Type

Speed Control Motor (Harmonic Source)

Gear Adjust Speed (not generate harmonic)
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Application of Speed Control Motor

Start Photocell

Drive/ Controlier

Servo Driver (Harmonic Source

Include

- Rectifier Circuit

- Pulse Width Modulation
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- —_——— - Mega Drive in Strip Mill

Paper Machine

I
I
I
v

Strip Mill
Include
- Cyclo-Converter
- PWM
- Speed Control
- Rectifier
Paper Machine
Include
- Rectifier Circuit
- PWM
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6-pulse diode Three-phase voltage
bridge rectifier

source inverter

] Load
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6-pulse rectifier 12-pulse rectifier 24-pulse rectifier
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Source Typical Harmonics™
6 Pulse Drive/Rectifier 5.7.11,13,17,19...

12 Pulse Drive/Rectifier 11.13,23.25...

18 Pulse Drive 17.19, 35, 37...

Switch-Mode Power Supply 3,5.7.9.11.,13...
Fluorescent Lights 3,5.7,9,11. 13...
Arcing Devices 2.3.4,5.7...

Transformer Energization 2,.3.4

* Generally. magnitude decreases as harmonic order increases

H =NP+/-1

i.e. 6 Pulse Drive-5,7,11,13,17,19,...

o & i .
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Harmonic Spectrum

| ' ®  4997Hz 15408625 13:26 4o
A-h05(D 380w O 412+ () 56241

Harmonic magnitude (per unit) 318 a 341 a 345 a
16 157" 118"
0.14 =
| I 0.09 o7 006 oo
| t s .
Fund 11th  13th 17th  19th

¢ Normal VFD Harmonic Spectrum

— Lower harmonic orders have the higher
magnitudes

— Magnitudes should decline as the harmonic order
INncreases

Ay 2N ) *4a .

TRAC=R o o 83 17

arwlive
o AN



PTES

CAPACITOR
www.ptes . co.th

HARMONIC SOURCES

» Magnetic Core Base

- Transformer
- Motor
- Magnetic Core Ballast
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Spectral Data for Figure 4.1,
25kV/240V Transformer Magnetizing Current

Harmonic Mag - % Sine Deg|

Ang -

Harmonic Mag - % Sine Deg.

S B on

A
1 V)

Figure 4.1, Maguetizing Cumentfor Single-Phase 25 VA, 12.5KV/240V Transformer
THD, =76.%.

Amperes

m?m@fb Ruotecs [TO &V @ o ocnoscreer R 043 o)

TRAC=R

100.00
63.50
35.90
18.30
10.10

5.40
2.10
0.90
0.40
0.10

0.20

0.20
0.10

0.20
0.20

0.10

0.30

0.40
0.20

Ang -
-66) 2
-69 4
-70 6
-69 8
-73 10
-78 12
-80) 14
-101 16
-96) 18
-90) 20
22
-91 24
-174 26
126 28
30
21 32
99 34
36
-4 38
40
42
-90) 44
46
64 48
-165 50
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» ARC/GAS Discharge Base

- Arc Furnace

- Induction Furnace
- Arc / Spot Welding
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ARC FURNACES

-/

Continuous spectrum of harmonics and
interharmonics
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Converter AC to DC

DC SERVO DRIVE

-

such as

IGBT-Diode Bridges

Electrode in EAF “Electric Arc Furnace”
p
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Changes in reactive and active power in an arc furmace during
one melting cycle.

In/gé
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o 200 Ef=Ta] BOO 800 = H=

Average one-minute speccirum of total current -at arc furmaces
Furmace power during measurement 35 MWW
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Harmonic Content of Are Furnace Current
at Two Stages of the Melting Cycle

Harmonic Current
% of Fundamental

Harmonie Order

Furnaee condition 2 3 4 § 7
Initial melting (active arc) 7.7 5.8 2.5 4.2 3.1

Refining (stable arc) 0.0 20 00 21 0.0
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Harmonic Flow in Power System
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Lopurces T
Y ; EQUIPMENT| ¥1hd
Harmanic Load
_.=._O_® cur rent
v — I h x E ; h F00 TCB
h
o 3P xx AT
xx AF
o cllow  Green
. [ oo’ L]
= O—0O—0 Where:
i 1P hasnenic v ltags
1 —_—
1 1 1 = h " hermonic current
“h gyvetermn impedance for h th harmonic
3p xx AT 3p xx AT 3p xx AT 3p XX 3p xx AT
D xx AF D xx AF D xx AF D xx D xx AF
i i ' '
h h o
Vv . —— F ———— ———— — -
~ g %J- V) E_
)

V.

Ly

Capacitor |
h

A 4 :

Static Arc Resistance Linear Load Bank
Power Funace Welding
Converter

YL
11
><

Other Loads
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i’
J S ) 3p xx AT ) 3p xx AT
xx AF xx AF
LS
" — %% %899
" 2 O—O—@ 2 O—O—0@
-
. 4 4 4 4 4 4
3p xx AT xx AT 3p xx AT 3p xx AT 3p xx AT 3p xx AT xx AT 3p xx AT 3p XX 3p xx AT
D xx AF xx AF ) xx AF D xx AF xx AF D xx AF xx AF ) xx AF D xx xx AF
v ) T (34 v A T [ ~
Static Arc Resistance Linear Load Static Arc Resistance Linear Load Gapacitor
Power Funace Welding Power Funace Welding
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Limit of Harmonic in Power System
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STANDARDS/RECOMMENDATION
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PRC - PQG - 01/ 1998 Fomuuanginausiansuaiin iAmnAulwihuszinvssAauazanannssu

IEEE 519-2022 |IEEE Standard for Harmonic Control in Electric Power Systems

IEC 61000-3-6 Harmonic Emission Limits for Customers Connected to MV, HV, and EHV

IEC 61000-3-2 Limits - Limits for harmonic current emissions (equipment input current < 16 A per phase)

IEC 61000-3-12 Limits - Limtts for harmonic currents produced by equipment connected to public low-voltage

systems with input current >16 A and < 75 A per phase

EN 61000 Standards are the standards on harmonic distortion limits that are imposed in Europe.
EN 50160 Voltage Characteristics of Electricity Power Supply System
AS 2279 Standards on harmonic distortion limits that are imposed in Australia.

BS G5/3, G5/4, G5/5 Harmonic distortion limits that are imposed in Great Britain.
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2. The State Energy Comission of Western Australia (SECWA)
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VOLTAGE DISTORTIONS LIMIT

Table 1—Voltage distortion limits

Individual Total harmonic
Bus voltage Vat PCC harmonic (%) h < S0 distortion THD (%)
F=<1.0kV 5.0 80
IkV<P<69kV 3.0 5.0
69kV < <161 kV 1.5 2.5
161 kV <=V 1.0 1.5*

"High-voltage systoms are allowed 10 have up to 2.0° THD where the cause is an HVDC termanal
whose effects are found 1o be attonuatod o posnts n the network where future users may be

commccted.

NO CHANG

@ED RaovaNCE G
mnmvm.g

PTES

CAPACITOR

wWww.ptes, co.th

IEEE 519 -2014

* Orange Green

Instruments

2%
B

IEEE 519 -2022
Individual Total harmonic
Bus voltage ¥ at PCC harmonic (%) distortion THD (%)
10KV 50 | 80 |
1RV <P<OkV 30 50
BV <FP<I61kV 15 23
15*
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CURRENT DISTORTION LIMITS FOR SYSTEMS o
| RATED 120V TO 69 KV | ***

Maximum harmonic current distortion in percent of /1. Maximum harmonic current distortion
= - = in percent of Iy
Individual karmosic srdec I I Individual harmonic order (odd harmonics)™® I
Isc/IL 2<h<I1* QLIS h<IT7| 17<h<23 | 23<h<35 | 35<h<50 | TDD Isoh || 3<h<i1 Ju1c h<17| 17<h<23 | 23<h<35| 35<h<s0o| TDD
<20¢ 4.0 2.0 1.5 0.6 0.3 5.0 <20° 4.0 2.0 1.5 0.6 03 5.0
20<50 7.0 3.5 ) 1.0 0.5 8.0 20<350 1.0 3.5 2.5 1.0 0.5 8.0
50 <100 10.0 45 4.0 1.5 0.7 12.0 50<100 10.0 4.5 4.0 1.5 0.7 12.0
100 < 1000 12.0 5.5 5.0 2.0 1.0 15.0
100 <1000 12.0 55 5.0 2.0 1.0 15.0
> 1000 15.0 7.0 6.0 2.5 1.4 20.0
> 1000 15.0 1.0 60 25 14 200 *Even harmonics are limited to 25% of the odd harmonic limits above.
aFor h < 6, even harmonics are limited to 50% of the harmonic limits shown in the table. ®Current distortions that result in a dc offset, ¢.g., half-wave converters, are not allowed.
® Current distortions that result in a dc offset, e.g., half-wave converters, are not allowed. o?l:cm:jg,?mnon Iipmant. s Namited. o Whoss Yotwes.of o poeem
¢ Power generation facilities are limited to these values of current distortion, regardless of Where ' p—
acl:ual.lsJIL unless covered by other standards with applicable scope. ;:: S — Ml 'cm““:icm"('ﬁpclc 1§ 9
Where: - at the PCC under normal load operating conditions
I« = maximum short-circuit current at PCC

Ji = maximum demand load current at PCC under normal load operating conditions

IEEE 519 -2022 |EEE 519 -2014
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CURRENT DISTORTION LIMITS FOR SYSTEMS
| RATED 69KV TO 161 KV|

Maximum harmonic current distortion in percent of /1. Maximum harmonic current distortion
in percent of Iy,

Individual harmonic order” TR ——T
I/l 2<h<11* | 11Sh<17 |17€h<23| 23<h<35 | 35h<50 TDD I/h 3<h<ll | 11<h<17 |17<h<23| 23<h<3$ | 35<h<S0| TDD
<20¢ 2.0 1.0 0.75 0.3 0.15 2:5 <20° 2.0 1.0 0.75 03 0.15 2.5
20<50 3.5 1.75 1.25 0.5 0.25 4.0 20<50 3.3 1.75 125 0.5 0.25 4.0
50< 100 5.0 2.25 2.0 0.75 0.35 6.0 N 2y ot B | s i
100<1000 | 6.0 275 25 1.0 0.5 75 oeod ML TR L L L
> 1000 7.5 35 3.0 1.25 0.7 10.0

>1000 L 3.5 30 1.25 0.1 100 *Even harmonics are limited to 25% of the odd harmonic limits above.

aFor h < 6, even harmonics are limited to 50% of the harmonic limits shown in the table. ” Sttt a e ol i somiieck s it diaand

® Current distortions that result in a dc offset, e.g., half-wave converters, are not allowed. T — e e e it ki
of actval I/l
where
1.~ maximum short-circuit current at PCC
I = maximum demand load current (fundamental frequency component)
at the PCC under normal load operating conditions

¢ Power generation facilities are limited to these values of current distortion, regardless of
actual /i/I1 unless covered by other standards with applicable scope.
where
I« = maximum short-circuit current at PCC
Ii. = maximum demand load current at PCC under normal load operating conditions

\EEE 519 -2022 |EEE 519 -2014
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| RATED > 161 KV |
Maximum harmonic current distortion in percent of /. I '::;::::;Z" R
Individual harmonic order® Individusl harmonic order (odd harmonics)™®
I/l 2<h<11*| 11<h<17 | 17<h<23 | 23<h<35 [35<h<50| TDD LJI 3<h<1l | 11<h<17 | 17<h<23 | 23<h<35 |35<h<50| TDD
<25¢ 1.0 0.5 0.38 0.15 0.1 1.5 <2s5° 1.0 0.5 0.38 0.15 0.1 1.5
25<50 2.0 1.0 0.75 0.3 0.15 2.5 25<50 20 1.0 0.75 03 0.15 2.5
>50 30 15 1.15 0.45 0.22 375 >50 3.0 1.5 1.15 0.45 0.22 3.75

o l.A -IAD

THERMO

*For h < 6, even harmonics are limited to 50% of the harmonic limits shown in the table.

® Current distortions that result in a dc offset, ¢.g., half-wave converters, are not allowed.

¢ Power generation facilities are limited to these values of current distortion, regardless of actual
Is/I1 unless covered by other standards with applicable scope.

where

Is.= maximum short-circuit current at PCC

I = maximum demand load current at PCC under normal load operating conditions

IEEE 519 -2022

Toﬂ\

GO TROMNOLOGY (D, IVD
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* Orange Green

Instruments

*Even harmonics are limited to 25% of the odd harmonic limits above.
®Current distortions that result in a dc offset, e.g., half-wave converters, are not allowed.

“All power generation equipment is limited to these values of current distortion, regardless of

actual I/l

where

I. = maximum short-circuit current at PCC
Iy = maximum demand load current (fundamental frequency component)

at the PCC under normal load operating conditions
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e Each harmonic generates a field which may rotate forward (+), BackWard\(s), or remain stationary (0)
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« Zero sequence harmonics produce a stationary field, causing over-heating and reduced efficiency
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Abhove thermal and daylight images show overheated neutral wires, proven to be
caused by harmonics.
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Ahove thermal images show an overheated neutral bus bar caused by third order,
zero sequence harmonic currents,
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With Linear Loads P kW

Q=kVAR

(aonword S=y{P'+Q’

kA= EW: + kVAR

P = kW (work producing)
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With Non-linear Loads

P = EW (work producing)
True Power Factor = (Displacement Power Factor) x (Distortion Power Factor)
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Serial No. 55051176 | Rel.No. PB55-E154
Type RE-0225 | Phase 3

[Network voltagé - 400 V]| Frequency’ 50  Hz
Reactance 6 % | \efl 7518 A

| i Insulation glass  F
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100=| 84 7 5.8
10 = 8.4 6.9
10 = 8.3
oo 12.6=) 104 8.8 e
2 12.6—=| 105 8.7
. | 12.6=| 103
16 = 12.5 10.5 8.7
Kvar2 = Kvarl x _Ul 16 = 56 104
16 = 12.4
By 20| 167 14 11.6
) 20 16.8 13.9
U2 Rated voltage is used. 20 = 165
26| 209 7.6 14.5
Ul Rated voltage of Cap. = = =
Kvar2 Rated capacitor of U2 26 > 20.7
i 30=| 251 21.1 17.4
Kvarl Rated capacitor of Ul 0= 552 0.8
0= 248
[ 40> 334 28.1 232
40Kvar 40 = 33.6 27.8
kxamplz 40 = 331
Capacitor have rated 400V 525y 3p 50Hz 75Kvar 46 =) [__376 31.6 26.1
. . . . 45 — 37.8 313
If you think that will be the Voltage 440V Capacitance is 5= 375
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400 2 50 = 413
40 60— [ 502 42.1 34.8
_ 75 & B0 60 = |__504 41.7
23.2 525 60 — 49.6
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A passive filter is built with a series of passive components such as
resistors, inductors and capacitors. Passive filters are most common
and available for all voltage levels. Passive filters are built-up by
combinations of capacitors, inductors (reactors) and resistors.

Active filters are available mainly for low voltage networks. Active filters

are very fast electronic devices that will insert negative harmonics into

the network, thus eliminating the undesirable harmonics on the
network. The filters are built with active components such as IGBT-

transistors and can eliminate many different harmonic frequencies.
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“RL" Reactor

Input current

(@) Reoress ({10
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3 17 19
Harmunic
Il Mo Reactor
5% Impedance Reactor
o B 5% Impedance Reactor & 3% DC Choke
Use 5%
H Harmonic
|mpEdanCE larmont INPUT IMPEDANCE
) 0.50% 1% 1.5% 2% 2.5% 3% 5%
Line Reactors 5th 0.8 0.6 0.5 0.46 0.42 0.4 0.32
Tth 0.6 0.37 0.3 0.22 0.2 0.16 0.12
11th 0.18 0.12 0.1 0.09 0.08 0.073 0.058
13th 0.1 0.075 0.06 0.058 0.05 0.049 0.039
17th 0.073 0.052 0.04 0.036 0.032 0.03 0.022
19th 0.06 0.042 0.03 0.028 0.025 0.022 0.008
% THD -1 102.5 72.2 59.6 52.3 47.6 44.13 34.96
Amps 43% 23% 17% 13% 11% 9% 6%
Increase

Input harmonic current distortion depends on total input
line impedance. (Data 1s for 6-pulse diode bridge).
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Example with 5.5kW drive
Current:

L =11A__ (for power = 5.5kW)
THID = 92% (for R, = 150)

PWHD = 37%

Individual harmonics: 5th-74%
7th-51%
1th-13%
13th-5%

Voltage:

U, =480V, __ (phase-phase)
THVD = 44% (forl /I, = 150)
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With Schaffner ECOsine™

—Votage premetl  —Qurmant

Current:
I, =7.5A_ (for power = 5.5kW)
THID=4.0%

PWHD =5.2%

Individual harmonics: 5th - 2.0%
7th-22%
11th-2.0%
13th-14%

Voltage:

U, =480V__ (phase-phase)
THVD =0.12% (for I_/I, = 150)
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Horrlinear load 1: 30kA400VART

PN 3810-210-40
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.
I

Nom-inaar load T TSkw00VsE

Two or maore filters can be paralleled in case the total input power of 2 given load exceeds the
largest available product.
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Mon-lingar load: 300kW/SH0MAC
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diafivavy Active Harmonic Filter (AHF)

& 1. amansuoiin (Harmonic Reduction) léasingiidsz@ndaw
*ANN5ANSIATV LAV ITLASE AN SNORALUUISDAMT (Real-time)
ansn THD (Total Harmonic Distortion) T¥sinniinausiunsgu IEEE 519
halisuadunszualninnduanlndidodoiinnung
O 2. Usuisean Power Factor léwsousiu
*AHF anunsawanAasduaniin (Reactive Power) itowaiwsls Tueh
i TN PF aedulaslisiossinsia Capacitor Bank ugnsinamnn
3. o uanDIsINLSLAasIALLEN
JIBsuumuandidnnseiindanuidas (DSP / IGBT Switching)
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diafivavy Active Harmonic Filter (AHF)

O 4. fesvinsuardandu
canunsadinsisuuy Parallel (@uruduszuy) lavlidoaud loasts
‘wnsisAulnaadien (Single Load) uasssuunszanslviam (Distribution System)
O 5. Ylosnuuaziinonuaunsal Wil
canAuToulumilouvas el vaziowmos
‘anmNNLdussiogunsalmuau wu PLC, VFD, UPS
vinTszuulwing ansadosuazlaonsusndn
& 6. @unsavinnushudussuusatsodule
iy Detuned Capacitor Bank 6

NERUTTUUaRAMNTSHLAzo ST InaalliiBaduduiuann wiu VFD, Computer, LED Driver
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2010's X Deep learning

Machine learning models that mimic human brain function

s020's i Generative Al (Gen Al)

Deep learning models (foundation models) that

create original content
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*ISO/IEC 30141: loT Reference Architecture

*ISO/IEC 27001: Information Security Management System

*ISO/IEC 20924: Internet of Things (loT) — Vocabulary

*ISO/IEC 30161-1 |oT — Data exchange and sharing for devices and platforms
*ISO/IEC 30149 IoT — Trustworthiness framework

*ISO/IEC 30111 Vulnerability handling processes

*ISO/IEC 27030 Security and privacy for loT

*ISO/IEC 21823 |oT — Interoperability for loT systems

*ISO/IEC TR 23188: loT — Edge computing landscape

*IEC 62443: Cybersecurity for Industrial Automation and Control Systems
*NIST SP 800-213: loT Device Cybersecurity Guidance

*ETSI EN 303 645: Cybersecurity standard for consumer loT

ISO/IEC 22989 Artificial Intelligence — Concepts and terminology
ISO/IEC 23053 Framework for Al systems using machine learning
ISO/IEC 23894 Al - Risk Management

*ISO/IEC 42001 Al Management System (AIMS)

*ISO/IEC TR 24028 Trustworthiness in Al
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