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Definition Description
Fundamental displacement

factor in three-phase systems.

DISF=P, /. P} +0;

Fundamental displacement

P
DISF = —/— =cos®,
ot factor in single-phase systems.

APDE =P,/ P,
APRF=P, /P
APHF = APDF - APUF

Active power distortion factor.
Active power reverse factor.
Active power harmonic factor.

TPDF = \/m /S Total power distortion factor.
TPUF = m /s* Total power unbalance factor.

TPHR =./P> + Q] +z /S Total power harmonic factor.

FPTF =P, /S Forward-seq. power transfer
factor.
TPTF=P/S Total power transfer factor.

* . This factor is not defined in single-phase systems.
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A Power Quality problem is “any power problem manifested in
voltage, current, or frequency deviations that results in failure or
misoperation of customer equipment.”
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Masnitud Duration time in seconds Total
agnitu ota
grutude 0.00.2 0.20.4 0.40.6 0.60.8 0.8
80% ~90% 35.9% 5.6% 2.4% 1.0% 4.2% 49.0%
70% ~80% 15.3% 1.4% 0.8% 0.4% 1.0% 18.9%
60% ~70% 7.8% 1.2% 0.4% 0.2% 0.4% 10.0%
50% ~60% 4.6% 0.8% 0.2% 0.2% 0.2% 6.0%
40% ~50% 2.8% 04% 0.2% 0.2% 0.2% 3.8%
30% ~40% 2.0% 0.4% 0.2% 0.0% 0.2% 1.9%
20%~30% 0.8% 0.2% 0.2% 0.0% 0.0% 1.2%
10% ~20% 0.8% 0.2% 0.2% 0.0% 0.2% 1.4%
0%~10% 2.0% 0.6% 0.2% 0.0% 4.2% 7.0%
Totals 71.9% 10.8% 4.8% 2.0% 10.6% 100.0%
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U &E Holn® o] vl [EEE EF 19394 73
U&7 Al A9 FEES & 5 U,

33 UFEETH

A71dA o ek 27t $A43] S7lehs ddid] £
A Q7ML Zo) HAF F8l7h F7hel whe, i)
ol A7) ARl WE Ate] = 5 A
of A7t 37k Stk wAdd Fahe afHdA5el
HAgele] ARE 2% Foan wxige) daqvd
& 53 ARele] Hagee] AYAetE fEdoam, 3
o Fele] AR FFE 7189 vidgeM e & &
SE Ade] ATl A T AYEL EAE 4o

A "t

Agto] f=H v Ao HAFEL} programmable logic
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Age A4 249 ZYE s SA YIS HAA T 1
F& Fole 940 V1= 3t} 735l mEkE widA
BollA AR 53 D TAF Agmzelrt o) o] v HA Bl
TAE opy]Ete] vl W E A7 E do] B
T gt}

a2 SRR etz eg Qdle AR 339 d=
o Wg Hde] BT & -] AZARA AT A=
A& ofn, TF B2 Aol Y o] 29| the A7IARAe
B A PRIIZ QAsle] dZE H<te] €llol E ¢ = Uk
3 o] xe] AIANA} AR o3-S o)AFIe ke Hl
A gz wet FE Had vRe A Fde
Ul & 2jo]7} Ql& = k. wEkA] FR AN A7IAHA}
7} A Ak & A7 ol 3t 7S EAQ o= Ao
€ AL FeFolR] yrka & 4 Utk

A7|AEAE A Aok et Fel FA o = 7
T FlA FEACR FAH T FYEY gov A
Eo] q7iA] 22 mE AAEQ] Hle] AL of
7] o] Roj)A| gka glow Tigk vl el A AFe o e

3 EN50160 &2l Qo

Items Typical spectrum  Typical duration ~ Typical voltage magnitude  Standard
IEEE EN
Transients  Impulse 5ns-0.1 ms 50ns-1 ms {6kV 9
Oscillating {5k-5MHz 0.3-50 ms 04 pu
Variations Interruption 0.5-30cycle 0.1 pu 6
(short) Dip(sag) 0.5-30cycle 0.1-0.9 pu 5
Swell 0.5-30cycle 1.1-1.8 pu 8
Variations Interruption 3 s-3 min 0.1 6
(medium)  Dip(sag) 3 s-1 min 0.1-0.9 pu 5
Swell 3 s~1 min 1.1-1.2 pu 8
Variations Under voltage »1 min 106-120% 3
(long)  Over voltage >1 min 80-90%
Voltage unbalance Steady 0.52% 10
Harmonics 2-40™ Steady 0-20 % 11
Interharmonics 0-6 kHz Steady 0-2% 12
Noise Broad band Steady 0-1%
Voltage fluctuation(fliker) (25 Hz Intermittent +-5 % 41
Frequency variation 50 Hz {10 s 1% 1
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Maximum Harmonic Current Distortion in Percent of I,
Individual Harmonic Order (Odd Harmonics)

I /1, <11 11=h<«17 17€£h<23 23=h<35 35=h TDD =1,/1,
20 4.0 2.0 1.5 0.6 0.3 5.0
20¢50 7.0 3.5 2.5 1.0 0.5 8.0
50100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 55 50 2.0 1.0 15.0
»1000 15.0 7.0 6.0 2.5 14 20.0

I, = Maximum short—circuit, curerent at PCC

I, = Maximum demand load current(fundamental frequency component) at PCC

25
I, = 1/21,, . I, " hyorder harmonic current
h=2

Bl Typical retationship between cost of damage
ed by an o in @ typdost MY distribation grid

versus sasmiber of customers, neglecting sffsot of

néw raguiations,

Cost of damage per outage «s

1 10 100 1000 1()!:}()0
No of customers —
O3 8 MV uiMYolM HAZroljol oIt HsHE T8t ASRe =
Rio} ufafolo] m|

718 dEHoL AFH oz APk A= oY, &£ 48
FRARANN A7IARA7E A7 ok ARz h v)=e]
IEEE T4 o & EQIth.

4. HHED Chy

4.1 MeAfDol| mE 1|

AAo] Ao 2 Qleted WAsh= AlRlH v 42 EulF &
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Wi ellA] DA olg HalE Ba ALEAte] £xbe)
gajde] FAe Q] EAE et vl oy
AzGA NN £ARA Alzd WE Ade A o 109
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ALE G AR F2) oF 17%7F 108 o) 4ke) ZA)H
I E F A BagJui. 44 AgFA] Rt

£ 4 FENO] 21Ze BHEORY

Industry Class

Industrial Process

Continuous Process

Paper, fiber and textile factories
Plastics extruding or molding plant

Precision machining

Automobile parts manufacturing
Large pump forging factories

High-technology products
and research

Semiconductor manufacturing
Large particle physics research centers

Information technology

Data processing centers
Bank
Telecommunications
Broadcasting

Safety and security related

Hazardous process

Chemical process

Hospital and health care facilities
Military installations

Power plant auxiliaries

Large transmission substations

H
olthe % Kol oJ3hH 80%2 FNNE Zre SAIAGA I}
ok 1 ~2xlolZ Eehut WA = W7 7171E

7Fegel Yok

i

4.2 HHEH chaie] 7|2 Hd
ARED Aol T 7 B2 WAo] ek BB
gje) o)} AL ERe] @ NGHES So] sldtel] A
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(Source: [EEE Standard 1346: 1998)

Equipment Voltage Tolerance
Upper Range Average Lower Range
PLC 20ms, 75% 260ms, 60% 620ms, 45%
PLC Input Card 20ms, 80% 40ms, b5% 40ms, 30%
5 Hp ac Motor Drive 30ms, 80% 50ms, 75% 80ms, 60%
Ac Control Relay 10ms, 75% 20ms, 65% 30ms, 60%
Motor Starter 20ms, 60% 50ms, 50% 80ms, 40%
Personal Computer 30ms, 80% 50ms, 60% 70ms, 50%

E5 ok Aotk 0 @ B2 AHFAVE HXE
Y-S AIAY @l RS2 E sk Aotk F /A
9] el oA ] Brhe BF AHEL A3
A Aot AHEFR A thste] ofalsty] 915t o
ol g e THIE S T} 2ol e & glrt
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A, ZE 284 (emission)# o} & Ariofo} she ZE F
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A3 (EMO)& R3o1F7] 13t AR BHA A
AR el FFH FAH Ar2 249 VlFo] Hast
ok ol g £E2 AT BE I AR dist
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A A5, 1549 23 7135w 1080k 253 A
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Devices Sags Swells Under  Over  Interru- Fluctu-  Harmo- Notich-  Transi-
vig. Vtg. ptions ations Nics es ents
SA O
BESS 0 O o) o) 0] O O
DSTATCOM 0] 0 O O
DSC 0 O
DUPS 0O O O O O @) 0
DVR O 0 0 @)
PFC 0O O O
SMES 0 O ) ) 0 0 O
SETC ) 0] 0 @)
SSTS/MTS 0 @) 0
SSCB 0
sVC ) 0 0 0 O
TSC O 0
UPS 0 O O 0O O
APF(TF) O 0 O

o714, SA: Surge Arrester
BESS: Battery Energy Storage System
DSTATCOM: Distribution STATic synchronous COMpensator
DSC: Distribution Series Capacitors
DUPS: Dynamic Uninterruptible Power Supply
DVR: Dynamic Voltage Restorer
PFC: Power Factor Controller
SETC: Static Electronic Tap Changer

SMES: Super Conducting Magnetic Energy System
SSTS: Solid State Transfer Switch

MTS: Medium voltage static Transfer Switch
SSCB: Solid State Circuit Breakers

SVC: Static Var Compensator

TSC: Thyristor Switched Capacitor

UPS: Uninterruptible Power Supply

APF" Active Power Filter.
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Year Manufacturer Customer/product Disturbance Mitigation Devices
BC Hydro STATCOM, Canada Sawmill & log chipper Voltage flicker STATCOM: 2 MVA/25 kV
American Electric Power Combined rock crusher Power factor & STATCOM: 2 MVA/ 12.47 kV
STATCOM, USA Voltage flicker Cap. Bank: 2 MVArc
1994 | PSE&G SSVR, USA Test equipment Voltage sags DVR: 1.2MVA, 50% voltage
1996 | Duke Power DVR, USA Orian Rug Co. plant/ Voltage sags DVR: 2 MVA/ 12.47 kV (50%)
yarn mill, weaving mill Energy Storage: 600 kJ
1997 | Powercor, Ltd. Bonlac Foods Ltd. Voltage sags DVR: 2MVA/ 22 kV (40%)
DVR, Australia Milk, powder milk, cheese Energy Storage: 600 kJ (ride
through 25 cycles)
Scottish Power High quality paper for Voltage sags DVR: 4 MVA/11 kV(46%)
DVR, Scotland commercial publishing Energy Storage: 800 kJ
industries
1983 | Manufacturers in subway in Sapporo, Japan 4™ current First installed APF: 200kVA/ CS
Japan harmonics type GTO inverter
1983~ | Manufacturers in Customers in Japan/ Flicker and 550 APFs (more than 50% is under
1998 | Japan ASDs, office building, Current 200kVA)
factory harmonics
1995 | EDF distribution Test equipment; Carrier Interference with | Series Active Filter: 6 MVA,
networks, France Signal Solution to receive the frequency of Selective 175 Hz/188 Hz
accurate tariff signals 175/188 Hz Capacitor bank: 2.4 MVAr on each
bus
1995 | GE and GNB, USA GNB Battery Recycling Interruptions BESS : 5 MVA, 2.5 MWh, 4160V,
Plant, Vernon, California Peak power transition time(10 sec
1995 | PowerDigm SystemSM, Baltimore Gas & Electric Voltage Sags MVSTS: 13.8 kV/
Inc. USA Company Preferred/Alternate rate: 600A and
18 kA
1996 | PowerDigm SystemSM, CONDEA Vista Company Voltage Sags MVSTS: 15 kV, 6004, 9 kA
Inc. USA
1996 | PowerDigm SystemSM, Ford Motor Company for Voltage Sags MVSTS: 15 kV, 6004, 9 kA
Inc. USA Detroit Edison (DECO)
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Technology Expected Cost of Total Solution Annual Total Benefit/Cost

Savings Solutions Cost Operating Annual Ratio

(US$) (US$/kVA) (US9) Cost Cost

(% of total cost) (USP)
SSTS 220,000 60 240,000 5% 74,400 2.96
DVR 410,000 300 1,200,000 5% 372,000 1.10
UPS 540,000 800 2,400,000 25% 1,224,000 0.44
MES 515,000 800 2,400,000 15% 984,000 0.52
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