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Power factor ( Part-2)

Power a320p5¢n ondogr§aacyEionselgpCaognieomn energy vwdaanadesl dloogdi

ada[opE energy qpel 200005E energy 2005
3203E00690000[gp:3209E 00098 0:6(pE:000500050303 003300001 electrical energy
2005 Source ( generator, battery ) ¢ 0go5co0eax ¢gE: energy od9[gbo0bN Adugts
electrical energy ©0000 cgq6edogpbds load adaeepodeanzedl load 2opbond§),600m
electrical energy qp:od 0305§0505:8[8: 006§),6000 energy qp:od cagy BeayEaonzoogdi
0323 BB [gScopdadigeon 328l 00dg),03000 2d:g: coodoy$ Electrical energy
qp2 03 00055:50543¢ [4E0BgSc0Rd 000506 cojoz0005

ada3[yScopdonododeam energy gpzaopd
(o) Source 05a3[gScnood[gts

() 0o8fgp:00b505: [§E[gEwa ogadogniondtfgt:

§00p5003 603,620051 2200053 energy qpscl oR:e(pEies20pd[gd0d03 capaunepogt power
qp28ssoCzogsaopdooeomdeoon power flow [gEeapanfogoopdn odeloppé source $¢ load

F[o3203¢ [§000pdese00 power flow adeaocmjogoopdn Source geu:cd0de0x power $&

load ¢ comudod:§eo0 power salo: vopBandsacgde) o power $6961 3§03 power
factor vpea GAluMglgE 20cdeodaforoopd

adalop& power factor 20p5 load ©om0da:86o00 real power o3 source VGOSN
apparent power [§Co2:6000 038:00690768] §EJo0pdI BelopE Load 20p5 Source
$GO3056o0 power o 3o[gpd3a0ad:dlon power factor 0o§3: 1 (one) unity power factor
§oopS0redl B samnSeaddon power factor 0§83t 2005 1(one) 0005 codepSgdaodi

2005005g|0d4232q) power factor 00§3:0000( +1) $&(-1) [o3r20E§o0p0n power flow 2005
source 90056 generate cpO[gEalopEgdaqiC positive power factor (0 to +1) (g[S load
0050 generate cwofgEselompElgdagC negative power factor (0 to -1) [gdoopdi (oo
positive power factor o300066:3605g0Sdlo0p5n)

0582000 load &1 0056802059200 60l Gooode) power factor 200300 ©opd o3 Figure-1
o3¢ g&sc0s0omdloogdi



Power Factor Aye Thwin

Figure-1
Load and Power Factor
Resistive Load ) Unity PF=1
fact
Linear Load — R
Inductive Load Displacement
LOAD — — power factor PF<1
Capacitive Load (DPF1)
Non-Linear Load # Distortion power factor (DPF2) | PF< 1
Displacement power factor (DPF1) - Phase shift angle
Power Factor (PF) Distortion power factor (DPF2) - Harmonic currents
» Power generated
Positive power factor ( 0 to +1) . by source side
’ Power generated
Negative power factor ( 0 to -1 )- by load side
Real power General formula
Power factor = = = DPF1 xDPF2 . for power factor
Apparent power

Figure-1 LOAD saqj3a00:qp:5$& Power factor | §e
Load sa§jgeaen: | §jioloopdigE:oden Linear load $& Non-linear load o3gdoopdn
Linear load

Sinusoidal wave 2092008 AC voltage Source ¢ load 90533 power Gosep3 Sinusoidal wave
20000§eo0 AC current 00d98:08:600l00 o Load o3 Linear load vpesl aodi
00dsp0:aagE voltage $¢ current $69d:00p5 opoBeon wave shape §og[G: in-phase
a300p0d phase shift angle 0289 ogpes[gE:om §eoo co0omogegoopd

poOW,

Resistive load qp: ( resistor, heating coil,.....), Inductive load ( inductor, motor ,

transformer,....), Capacitive load ( capacitor, ..... )
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Non-linear load

Sinusoidal wave 209200§e200 AC voltage source 9005¢ load 900593 power Gosep)
Sinusoidal wave 209200 6§ 6005 AC current 0069 00d5pd:3201g¢ Non-sinusoidal current
B:e08:60600 Load o3edaopdi powd, Rectifiers, fluorescent lamp, electric welding

machines, ...

Power factor sa§zmo0m: | §j:§dloopdi GE:0den Displacement power factor $& Distortion
power factor o3[gdclaogSi

Displacement power factor (DPF1)

Linear load gpseloyp¢ voltage $& current 20p5 phase shift angle 0069000 egagpsagnzoopdi
Baaclgeeesoptieon power factor §godesl ooodi
Distortion power factor (DPF2)

Non-linear load qpzalo3pé [gbedlaoneam current 205 harmonic current gpseepes(Ss
distortion [g®es00051 dzac[gsaesogteo power factor §godes] 2oodi

©p520p3 load sa§jpeaen: aloxpElgdeo power factor aopb real power $& apparent power
odel 2o§:006930[gd Bwwrod DPF1 $& DPF2 odeliegpadcos so[gddl cuoopugeandge
03§ 0on:dloogdi
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Power factor (Part-3)

Power factor a0 real power $& apparent power 0361 35§g00d9[g62005..a303E power
factor o3 pd320305 32633] power gpzell 20607200700333qE0edI

(905905...328¢ludq EsuE:00300060q$ 6300 AlogadgEdegpP:oopd AC single phase
o336[gdaondloogd)

Apparent power

Apparent power a320p5¢0 voltage &1 RMS 00§8:5¢ current ¢l RMS 00§83
e[grod008[gddlaogdi

Apparent power = Vrms x Irms

Unit &> voltage &l unit [§6co0n V (volt) $E current &l unit [g6@oon A( ampere) o3
e[gpodcos (VA) [gboopdi

AC 66§e00 930005 AC b 00ds),Olean voltage , current gp:el 00§8:03 RMS

[gSesdlgecodoopdi poen AC 230 V vpegedion 92834 voltage ¢ RMS 0088:03qp5098:00001
RMS 0p6:0008709:00000002:60050000: RMS 090000060063l056epd1 2200053] p8¢[g:0pe

rms 0poopdEo:620p5¢0 3200egje8e00 colqpiadeomaneomigé 2ddgEigddloogd
Figure (2) 03€ RMS 00§8:za6(o3pE:03q 0002300001

Real power

F20500000509:6000 power [gdaopdi Active power vpgjeopdieal copdi gigioldl Average
power 00&9[gdo0pd 3280009 cBE:opEeomn voltage 00§3:5E current 0o$3:
e[grodcodyp:ad soegde) gdigoos3: epoogCgboopd

Unit oo W(watt) [gdoopdn Figure (3) 0g€ avearage power gpegdadesiigaonsdloogdi

32000531 power gp:6i unit gps codjgdeopaties power gpiel 000058

03050050 eopeame[pElgdoopdn Figure (4) 0gE Real power (Average power)
[g0edcndsE Apparent power [gdedl condodnBeopd: block diagram [gCso:copbogudes
Foydreed[gaon0opdi
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Figure-2
Root Mean Square (RMS) value ( of Voltage or Current )
CurrentA Number of cycles in one second (Hz) - Frequency (f) | T= —2—
(lac) [ 7 (onecycle) "~ * =
|peak Forsinusoidal wave
\ - |peak
________ M~ — rms =
) I [rms J 2
L L, lac Idc
| time —> —
| =& == —15B I
] Same energy dissipated
~~~~~~~~~~~~~~~~~~ > : . W
T=period R=Heating coil ( resistive load )
(|rm5)2 = PP+ () +(in)? —
n 1,i2,i3,i4,......in
(i1)24(i0)2+(i5)2+( )2+ ... ... +(in)2 are instant values of current.
Irms h 3 - % nis number of instant current
““Root Mean square

Figure (2) Root

Mean Square, RMS

20gPope 60lugode[d[d: AC voltage, AC current o3¢l

00§ 3:008903030dens{gjepogenndigopdi AC wave o3eioom0w GopEjgoo:anpdsaodts
3200055863005 p80ronsBiqps 00dEO8[gdes[ma0pdn Goze Sinusoidal current (lac)
006903 powze5[YE cudlgooaopdi o3 AC current ¢l 00$8:03 200500depoRt
680050106:000g05326) 20056053001

oppBeam resistance § heating coil 0069823 AC current 0069 $& DC current 0od98

6020051 $6900020 00HGAl WG FpLEMNEE:EE 03op8e3E S:eoticoc00324
§esepd DC current (Idc) 00§3:3203E: AC current (Tac) 8ss0E:00000p wodop0pdIcdeloE
Idc $100§3:0005 Tac &l 0083z Irms 35[§0e0d0p20p51 pows...DC current 00§38z 1A
:e006[pEagndamneam sapowdmaogd AC current 0o§3: 1A 8:eom

F200eMNZ03E:§ 2000383030005
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3200050 08:0009052[q¢  20gPsPO9E RMS 00&8:epdadcopbieedlgaonioogdi
32§§000903E:0E§e00 current vwdan 069803 square CvS[Ge0lC:a00N Bies005
99a0IC:ad current 3aqpd30305(n)[gentq) square root [g§uac8odeo 326l RMS

008§ 3:qc0ndloopdio]spSi3a0igC ©pda00d d6§eacn waveform o3wsd gp8Ea0pdn :20000g)
waveform 2005 sinusoidal [§80lon RMS 00§8:0005 30[gCadion§8: Ipeak o3Root 2

[§822600000§8:3203E5[gb 2005
Period(T) $¢ frequency ()

AC waveform 2003502005 820005630050000008§600 20920 (G ddop waveform
qP2c058laod8l §0300001 GB0ro09EI [oxpeaxmeg§od period (T) vpa0cdeod(E: one cycle
068l 20051 codog§ERE: c0blodTgdesean cycle 20603030503 frequency (f)
0P200560500001 2a3d period $¢ frequency o6l soodg§LdGe GlgpEiyé reciprocal

20600§ 0001

Period &l unit ¢o second [g8[G: frequency &l unit ¢o Hz 930005 cycle per second [gdoopd
AC source 00d90¢ voltage $¢ fregency 0o§3:a36w5[genp§oopdi pow.. [gSwlgadel
00000562005 230V, 50Hz [gd2opSi 230V 2005 AC rms voltage 0o§35{0[G: 50Hz ¢
frequency 00§3gd3loopd
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Figure-3
Average value ( of Power)

A
Power p5. Areaof A =Areaof B1+B

I/\ /\> Pavg=0 (zero)
T g
-V--_\\_/_IT Pavg <0

T=period
Average power Where
p1+p2+p3+p4+......... +pn p1,p2,p3,p4,......pN
Pan = are instant values of power.
n nis number of instantpowers.

Figure (3) Average power

Voltage $& current o3el rms 00§3sqp:afognd 32§$00098§ voltage, current 0303
e[gp0520001 g§coneaxn waveform 2005 3a§§03E:e(gpEcdeseao power waveform

005935[gd0p0§ 20051 o3 power waveform 6 3§ 00d9803E:3E{e000 00&B:gps
(P1,p2,p3,......) 03 OIS adIE: power 206b220305(n) [gCoodgCyC Average power
00§3:03§loopdi (RMS 00§8:qpdsE 9580E80E§Alo0pdn)

Waveform oodoei average 00§3:03 Area

326596000551 gC250:0000000:950p5:083260k0p01 Waveform og€ saagp:adnd

Q2008903 20005682005 area gp:opeoq$ey Al o Figure &l 9005000500330l
el onodarea (A)$é 6330050005 area (B1+B2) 0peseocom qp:onde (dash lines) §oopd

o3 dash line c0p5 average power 02§83z 006903 aBuSegiclaogdi

o) Figure &1 p22a0050gP:0303000 26 den average power =0, ( power factor=0 ??) ,
6320050¢0 average power < 0 (Negative power factor ??) gpsadesdjgesolaodi
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Power factor calculation ( Single Phase ) Figure-4
Current
source e Voltage| load
R T T AR S TR 1
1 Voltage |
| il > (v4)2
! v2 > (v2)?
. v3 > (v3)2
- v4 D (vy)?
P1 i e ! Sum of
P2 i | O '_—:l_ * L |" mp|Vrms =
P3 Viiz [€ 0] i) ! n
F’g ‘ Vei, [ €0 1 :
P Vsi ! .
o : vn I > (v)? ;
' ' Current i - Apparent power =Vrms x Irms
L 1 > ( )2
Pn Vi, [€—0 : :2 — (:;)2 '
o , i3 > ()2
" i4 —> (i.)?
: I - Sum of
= ° | | Irms = =
Pavg = Spmel i B} :
n 1 - I
3 : in > (i)
Pavg=average power| |
= Real power

Powerfactor=> Real power ( unit in W)

Apparent power (unitin VAX|

Figure (4) Power factor calculation

Figure (2) $¢ Figure (3) ogCewdjgaonieaon Apparent power $& real power (average power )
036190602020920003[gSc0pde) $ddEYE Fi¢leapdonodeogs block diagram (¢
ewdlgoonzdloopdi load Slgdonobeseom voltage $& load o5a88:0Eagnieoon current

qp:elopoC real power (average power) $& apparent power 06 §go3e§[S: power factor
0PGBI F§E020960l Cndleop20pdN
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Power factor (Part-4)

Power factor for linear load

0)228E: (G) S linear load eloyp&lgdeclcoon power factor saclopEndesdlgoondloogd
Linear load gp:o3&[gded oopdfeseom

(o) voltage, current, power o3¢l 005g0dq
() 0gp5s o3cil energy transfer 20000

(p) apparent power, real power §§ reactive power cﬁeﬁ power flow

6[opCigpin? 20g066d dypieEonaggCiautsooniilacgd

Figure-5

Waveform and power triangle for linear load
s < 7 .
Vi \ : Power Triangle |
| 82=P2+Q? g |
Linear Load ! Q !
Vac 1! real power (P) E
¥ factor (PF)= =cos 6,
| i PoWerRHClon(PE) apparent power (S) !
ac time || P=Real power (unit in W) !
h S= Apparent power (unit in VA) :
. | :: Q=Reactive power (unit in VAR) :
A y ac e e e e e e e e e e e e e e e e m e m

‘ Lagging PF (for inductive load)

[ |
Leading PF (for capacitive load) E : /\ i
6=Phase shift angle L E .

Figure (5) Waveform and power triangle for linear load

Linear load 03E8:s08:656000 current 2005 voltage &1 waveform $&odom frequency
a3ewr0b period opes[: phase shift angle (8)06900002> 6520500000005
00b5p5:320¢gC current waveform 2005 voltage waveform ¢ angle 0od9o00

6ge56000206I0[g¢ 3230l power factor o3 displacement power factor

39q°|[:39m309:1303?03@w&5u

10
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Voltage $& current 2005 ddoni frequency or period cpeseamelopE dgod[ge: distortion

20006EOI
Phase shift angle

ddom frequency or period 0pGoxd waveform j 961 0306$6000 306532000:006903 angle
00d9[gesd[y§Ea0pdi period or one cycle 06903 time saon: 360 degree [g¢
oBudendgesdlglg§Eoopdi aBelogp waveform salgobaopd 360 deg [§: waveform i
0060052005 180 degree [g520001 Bmag/0503 sae(gde) phase shift angle 028903
20056058 Eclaodi

Power triangle

Linear load gp:o3&[gdedoopb§eseomn power ad:§j:adel s005505g0005 caones(o3d
00beizngigPiel 005§0063303C:§o0pdn apparent power ¢l square 00$3:0000 real power
& square $C reactive power &l square o3el cdlEsu85ER8gAloopd

Leading power factor (capacitive load)

Capacitive load clo3p&8:00E:as@00current waveform copS AC voltage source waveform &
4. phase shift angle 029 eon (leading) eepoSesa0001 power triangle ¢ power factor
formula 226 o3 angle & cosine 0o§3: (cos 6 ) 2005 power factor oo&35gd0p5N

Lagging power factor (inductive load)

Inductive load elo3p&8:e0E:es@000current waveform copS AC voltage source waveform &
@§2053 phase shift angle 009 6§05 (lagging) 6520001 power triangle $& power factor
formula 226 o3 angle & cosine 0>§3: (cos 6) 2005 power factor o>§35gdaopdN

Linear load elo3plgded aoneom power factor aop5 leading a30wpod lagging [§88Edlooodi

(905g05... wamn 32634 leading, lagging power factor gpsa? 3260IE: 32505 cBuSexdy|
g)edl el 0d:glogop:0000n 65§00538:03E power flow gpiodeapaoneam 28l negative power
flow qpeeil 20020 oB36[gde) negative power factor qp: GoRgR: 3268l 3 gp:

§6609:33l00p0n)

11
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Energy Transfer Figure-6

Energy dissipated ( as heat)
Resistor TRATEE VI e i o O g )
Energy storage ( as magneticfield ) 1

Inductor L_\A/WM/\_ 1 3= Energy oscillation
2 | ( Between inductorand capacitor)
t 3 ' 4= Energy dissipated
5= Energy transferinto next

Capacitor 5 C_[I I]_ (ol osi e el Sl SO

Energy storage ( as electric field )

5
Spring —mass-damper system
" Electrical ~ Mechanical 1 ¢ T
R -
—/V\\\— &= Friction R >

(Friction)

25
;

Figure(6) Energy transfer

Linear load qp:og€ 2a8mageomn 0gads p §jfdlaopdicEodwn. . resistor,inductor, capacitor
o3[g®20p0n linear load 0od9ai power factor 2005 32933l 0gods o §j opElgdedieseom
energy transfer 03 3280 326[gda0dI

Resistor

Electrical energy qpzod 32032[33503E6[gpCsq) [gEwadoncdudaopd Energy dissipated
[§600p50p@sl copd

Inductor

Electrical energy qpzo3 magnetic field sa[g63209Ee[gpsq) BeaprEoopdi Energy stored

cv520050pes] 20p51Be5705 BeaprEoomroopdyp:a? [g§cobopodeu:aopdi Energy
retrieved cp&20050pGal 2005

12
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Capacitor

Electrical energy qpzo electric field sofgb3a03Ee[gpesq) Beapnaopbiffiesnod
a36aenEoonaopdypin? [§§copdanodeuaogdi

3200050] energy storage device gqpigdeoon inductor $& capacitor qpzoopd energy
33e0nE[g: [g§apod[gEgapdepogt 0d900c5c8056am energy o3 oodom
[g$c0p5BecpEoopbaoeomaspdi odad(grad[gE:ad energy oscillated [g6o0pbupes] 20obi
:20005605(qdl energy transfer gps 08390803 [§0edl[§E:03E 00,600 energy qpzaopd

load 03038 3208000050%:§3(G: 006§),6000 energy gp:aod source
00503[g§c0pdeepad§anonodaodi Energy transfer (960p03 power 8ss0l:q [gEoes(9E
q[9Eq) power flow gpz03 Gaoe§ER5I

3209)E:008q) 32934 electrical 0gpSs p §gell 2002002005 mechanical ogods o §jsel
2000005E0p5: orndadielogpCierdlgoozoopd ((9odg0d...aqbedogpdigpiel 0o0sE
00500go0:gPiE1000200 0908e03 Saegdejecpannean vpeded modelling vresl oS
control 0pgO 03¢ AB20I0336[gde] 0opdeoMdqlooEdN )

13
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Power flow process for linear load-1 Figure-7

V : AC voltage source (single phase); Load: linear load: === AC current (i)

0\9\§,>(_\
o HDe D e L

apparent power flow (VA) reactive power flow (VAR) apparent power flow (VA)
Power flow (+) Power flow (-) Power flow (+)

9 o
/

reactive power flow (VAR)
Power flow (-)

Phase shift angle <=> Power flow (-)

_____________m__________

Figure(7) Power flow process for linear load-1

Linear load op&{gbecleam AC voltage $& AC current gps 6logpé [gdedl coneoon power 2005
3203806 (p) § $& power flow cobeoPE: () §E§oopdSadeoz§gEoRdi

Power 2203806 (p) §jwo eod[yG:deo00 apparent power, real power $C reactive power
o3[g®2000n Power flow j 9¢0 power flow (+) $& Power flow (-) [g620p5n 9oz lagging
power factor [§bes@oon inductive load 00696l voltage waveform, current waveform
od03eed{goonzad voltage $& current algpodcoSe gfconeax power waveform
oBeopbeeedlgaonoopdi Power waveform el 3260l [g8:0005 Power flow (+) [g8[: source
2050 load 9005338:656000 apparent power 03 o3uSoigoopdi

o33207 Power waveform @i 630050005[g6:00p5 Power flow (-) [46[3g load 9o05¢ source
005238:656000 reactive power o3 a3odendgpopdi

Power flow (+) 20p5 voltage $& current o3&l polarity qp: 0e$60003§80zE(gbeON B
Power flow (-) 2005 s0§0€o005 polarity qpegdeseo 3§80pEgded 2000 GopE one
cycle 33038 power flow (+) $¢ power flow (-) 026cppd8 G sog[gdesopdadeozdCaopdi

14
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Power flow (-) [gbeseo0n 2a§§0pCVoltage $¢ current [oyasSogo[gpiesea0 phase shift

angle 0069§es2000036038E3o0p5IAd angle il cosine 0§8:0005 power factor
o€[gdecoeonpaogd

Power flow 2250& G 90 o Single phase diagram gpsgCewdlgoonzdloogdi voltage $&
current o3&l polarity saso&eoe[pésd $& power flow o3ei B:onpbonadgp:ad
co&enigeaR§Ealoopd

Power flow process for linear load-2 Figure-8

SOURCE oo LOAD =

Power flow (+ QPower flow (-) ePower flow (-)
Apparent power flow - Apparent power flow
(as real power W1 :> Reactive power flow (as real power W1 :> Reactive power flow
and as energy storage ) (from Energy storage ) and as energy storage ) (from Energy storage )

R 4 power flows in one cycle

Figure (8) Power flow process for linear load-2

Figure (7) o€ cwblgoonieom aelogpCagp:ad block diagram
[5€[g$copbesdlgaondgEsgdoogdi

32808(0) 0g€ Apparent power gpsoopd source 905¢ load s8o38:s08:(Gs 006§, 6000 power
qP:00pd real power W1 35[gdc0opdieomCaonds) oo power gp:o? Energy storage

ogéqusoo Gogp store o%:ooo:@oaéu

32008 ( J) 03¢ 2Bb2000:6000 energy gpo 00d§),2005 real power W2 safgdcopbieomnts
006§),0005 source §epooodad reactive power sa[gdlgScopdSeepad§ogadozoondi adgdod

15
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92000 32808(p),(G) 22[g000d6§[g$0d glgded20bioyod[g¢ one cycle sa0pE: 6
[36[g®edl 205

Energy qp: Reactive power qpzsa[gd source oo0dad[g§eepadan[gleaod energe storage

0gdeqpegdlo3eoo Inductor, capacitor qps sajoypegdedl e energy oscillation

0p3qeeo3E[gdaopSur ©050r8Ea0obi BeloxpE linear load qpzel power factor
GomE:aeoq$ a30wrod 20addl [gEuadogadamn reactive power gps 3sp:coqs energy

storage ogpSsgpio? 00dsd:5pdegC[g[ge0iqepdlgdaopdi oyadigred[gEiad power factor
correction ap620050pE8l Gloogdi

n Figure-9
Power factor for linear loads 9
v = voltage , i = current, p = power
(1) Resistive load (PF=1) (2) Inductive load (lagging PF<1)
‘ .(zero)
55‘ P 82:P2+Q2 g 82=P2+Q2
05 ; {[{'J \%%5,‘ A ,ff‘/ )\t\i
J{! - %\:—— \ -"—[46 tme
’ \ )
v NS |
: : p
(3) Capacitive load (leading PF<1) (4) Inductive load (PF=?) )
ELP Zero
; " $2=p2+Q2

vV S2=p2+Q2

eSS S
¥ A v :,/ A
0s /-\ ! / /-\
/.,’ 7 4 \

¥ \ sme
AN 4 s \
\ \
-05 s ."\\ / \
w b NG
p Jeang

Figure(9) Power factor for linear load

6op¢ linear load 3a§js300: qpslgbean resistive load, inductive load , capacitive load
qp:opfean voltage, current, power waveform qpso? Gedjgoon:000dn dgpeoge voltage
waveform o3 sa[gpeepE, current waveform o3 c8egdeepe , power waveform o3
:86:6epE[gesdlgaonioogdi
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(o) Resistive load

(90z¢ voltage waveform sajgpeepEoogd current waveform cdegbeepE ¢ in-phase
[38e5200507000005003 A waveform o 0088:qpiopesa0pdadagbaggd)

6op€ phase shift angle 2005 zero [gbes[gE: ¢ cosine 02§83z one 2Bwupod power factor
0083z one [40[gE:03038E2000n afewrcd power waveform ogE power flow (-) o§fgEso0pd

reactive power o§gE:03038E[R: source ¢ cuseoon apparent power 30:09:0005 load o30zE
real power 32[363e(gpE:agn:0005006970 aBeop8Edlodi

(J) Induction load and () Capacitive load

Lagging , leading [g6@$@o0 phase shift angle 0od9es[8s one cooScudeseax power factor

o0elgdedl es[gt:adesdlgaopdi Power flow(-) §es[g:000b reactive power §esa00503
03880000

(G) Induction load with power factor zero

o€ power factor 0o§3: zero (4665200503 inductive load powd|gEesdlgoomoogd
capacitive load clogp&oopds power factor 00§8: zero [§88E0p5030pb:a300qe0epd
o€ power flow (+) § apparent power $& power flow(-) § reactive power gp:

0pp8es20050360R8 Edloopdi 0odspS:301gC source veuid0de000 Apparent power gl
load com0d:6[g)d reactive power 35[gdsocn§ source 90503[g§c[gEius0:00p58 Edloogd

(905905...3200053lg:00E2000:9/05qP:03 F26[gde) power waveform &l 30$050083:
QPG 206[g3aes 2J0up0d power flow(-) :a§Sqpieseom 32636
00598868 Eloopdi Banefgsnesen part-2 ogEewd|gdcoon Negative power voesl[Gs
negative power factor ( 0 to -1) o3[gdeod 20pdn ad336[g3a652005 load 90050

o0ds5:500¢gC power o3 generate cod[gEielopElgdaopdi powd 30dsE solar energy
055600063204p20R¢ load 90056 solar power qpsoopd source 900593gSG0:es2000

[§805§ 00500051 Bsaafgzacs§jzoge power factor 2005 negative [ge50005G;
0g00d8oxgpicod: 6lgpEgscopd onode(oypEieodoomonicloogd)

XXXXXX
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Power Factor ( 3208:-g)

Prepared by Aye Thwin ( 15 March 2015)

o) 323E:(g)) 03¢ non-linear load elopElgdedcneom power gps o3
32008c30568[qoo:qCsaueamdloogdi

AC voltage source o69a005 Sinusoidal wave sl Sine wave $6§20p503 935[Belgddloopd

32603 AC voltage gogadaoneom current 20p5 ddomi frequency o in-phase §opd ofepd
aBo0p5en 2d:§a00d load @i characteristic 6dl ©oopS3loopd

AC voltage &l $6030[g[qEd

0529600 26[gaaesqP:d voltage $& current 900550562005 §eqiea000d§030005m 9Beo0d
semiconductor ogoSsqpigdeoon Diode, transistor, SCR,...000000805:gp: 6l
g66e0Eepde[opE AC source ¢Goseo0d voltage
Bc3m6000[gscopdlglaejoadgamnlogoopdi Voltage odlgfgEadndaolg ogodameam
current >c0pd: dde|gpeeGiogadamioyoopd adsaslaco AC source voltage 2005 Sinusoidal
waveform §eood(goicopds ogodaoneam current ¢ ddgEdRE: ( distortion)
6562636500698 00§E0200001 00dspd3EgE voltage $E current 036
200550062005 §eqlieom ddedeorcor dssaelgEesdEndeuieam load gp:ad non-linear
load gpswreslaoodi

Linear load qp:og€ current 2005 voltage $¢ ddoni frequency op §es[Ge in-phase
@@8§m§ooéu

Non-linear load gqpzogEe current 20pd voltage $& (éi frequency onlgEiwop[gCain-phase
[58[gC26[38[gE: 0303 Flepigfecgudoneon Adelopepdaond waveform codon3esd
fundamental freq, harmonic frequency qpegonpdesonadaonieom Sinusoidal wave
qp2ea|gde|p:addenrnmmeam aogp vpd 006903 SadiggecLaodl ddgaSLRLs
(distortion) es@oo current waveform o3 fundamental freq &harmonic frequency §eoo
current qp: 33(g93200880EZ0005 real power o3[gdeoeax current o ep&aodi
adeondeo&power factor o3 30500058 Edlaopdl 32633l sas0e0Eaand0paddygp:o?d Figure-
10, Figure-11 0303E00q0e0ddgpasConagqes [goonsdloogdi
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Waveforms and harmonic frequency

Aye Thwin

Figure-10

ACandDC ACandDC
combined Separated
_ Ide
B

Hoad

i

ac

(Non-sinusoidal wave)

Fundamental and harmonic frequency separated
for AC part

7> Fundamental frequency(f)

> 2ndfrequency(2f) ]

- 31 frequency(3f)

5 4" frequency(4f)

i 5t frequency(5f)

(Sinusoidal wave)

Harmonic
frequencies

nth frequency(nf)

Figure-10 Waveforms and harmonic frequency

Voltage 2300p05 current waveformond9aopd cuoonogeadge AC 38: s DC
3E:eapesndleno§oopdi AC 3E:ado0pden 3260C:0083dgdeo 3260l 3E:5C 32505
00$8:{gde000 63:0053E:03 00dYES8[gdes[gE:n sB32000n DC §E:e0000060
3260IC:0088: Bo0nod 325050058 0382600 00d9F[GRes600 28E[gd0dN Goge No.1
320083 distortion , AC $¢ DC 3&:eepdleseam oo current waveform
o0dpadeudgoonsoopdi No.2 38080pE AC 3E:5¢ DC 3E:03 FlapilyconioopdiNo.3 sasoapt
distortion [gde$6000 AC 3E:a300066] §lgoon:aopbiay 328083 wco waveform o frequency

2§ sinusoidal waveform qpsgolgC §opodaonzoopdi o8 waveform gpsap€ ¢o

waveform &l frequency (fundamental frequency) 3203&:§eooo waveform (i1), $&=oop

frequency j o, 9 80, G 0, ©oo[gCharmonic frequency gpslo3eods i2, i3, i4,i5,.....in,

qPP20300pd:c0663000500800051

005p5:3201gCe36@005. .Non-sinusoidal waveform gp:o3 cogpsodieaq fundamental freq ,

harmonic freq qps§eoon sinusoidal waveform gp:sa[gdelgpE:de)gESEdloogd
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Power relationship-1 Figure-11
l Instant value with time | RMS value | RMS value (w/o DC part) | Power |
2 )
—Idc ) —(Ide) 2 B =P ,
lip I1p) (Iip)~ (Sl)z (VrmsxIlp)~
—1 { —(11{ ) —(11{ —&msﬂl)zli ‘QD:
ilq an)) (nq)2 (V=(nnsx11q)2
2 -, D
15 (12 _(IZ)2 | (VrmsxI2)= (D2)
i . 12 2 2
= - |13 | (13) _(13)2 _(Vnnst3)2= (D3)
—14 —(14)" _(14)2 —(Vrmst4)2=(D4)2
. 2 - -
—15 —(15) —(15)2 —(Vrmsx15)2=(D5)' D
ac[ [T [~ [~
—1-- - f-- g 8
(Irms) (Irms) (VrmsxIrms)
[ =(St)2 [
. 2 o 2 2
—1y —(In) L (In) —(VrmsxIn) = (Dn) -

Figure-11 Power relationship--1

Non-linear load a3238:0g2:600> Non-sinusoidal current gpswoodsoé Apparent power , real
power gp:03 gpegsEdlaogd

(905g)03...3283l05q E:00C:90005mEEq$632005Clon0g|rdegP:00d AC single phase
0336[gdaonsdloogdn)

3200 NO.1.....20§5305 e[pcdeseom current 0903 DC 8E: (Idc) $& AC 3E: (Tac)
oBoonC[apilgoontoopdiadeondsod AC 3E:a3 fundamental (i1) 3E:$& harmonic freq
(i2,i3,.....in) 334503 c0b63[gooniopdioysasoont fundamental freq 2005 AC voltage
source &l freq 2203&:§(8¢ j 3C: c05GF[goo:00pSIAC voltage source waveform $¢ in-phase
[g0es6000 323E: (i1p) $Ephase shift 90 deg ogdeseam 323E: (11q) [§6e3005

3590¢ No.2....
0)329080R¢ F8cSade[pEicdeseam current gp:el s00dg0Seaen: Current 000986l RMS
0083y¢ agpE:cdaewdgoonzoopd
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0)og€ 20gpupmogadieomn Fourier seris 32q)...current gqp:el 8005500003 RMS
00$345¢[gdlon squared [giopdBiwoon ewdlgeopdi

3200& No.3....0)3290803E DC 3&{gde0n Idw? 0088 2900 33[gdupsog) vudoo:a0dI
:00006o3pEadea05 AC voltage source 20p5 DC 3E:odlean sinusoidal waveform
m[gboocdecdooeomelopé current 20p5c0pb: DC E:cloCepSeupodaoi

32808 No.4....0]3200803E RMS 008343¢ c005505e5600 current gp:o? Vrms squared
[§800098 algpoSoonoopdi Vims o AC voltage soure &l RMS 00§3¢gd20051

3333 efgrodBreomsadl current gpiel 8005505600005 power gpiel 90055050a(gdd

e[pEicdagzanpbadeog8Eoopdioford [gbedlaneam power gpod 3360 9
[30[gESElaodi

000ezp0s....

Fundamental freq elopglgdedcoo power 3369[q600051G8:03w0. ..
S1= apparent power,

P1= real power,

Q1= reactive power, o3 [g8[o30005

02002005 linear load gp:ap€lgdedieax Displacement power factor so§jgeaon:
3205E:§00pdi
30300309....

Harmonic freq elopglgdedieamn power 3350[gd20p516E:0303..D2,D3,.....DN
o3lg€eudgoonsaopdiDistortion o3jgbeoeax power [gdeaxeloypE Distortion power (D)
Q22§ 2005005000005

a3 distortion power alo3p& Distortion power factor o3[gdeocloogdn Linear load gp:ogE§eom
power gp2opd 00036 3203E:00000p5e5620500d: non-linear load gpopte
303003309 power gpsdaonaolgE apparent power 82008008905 codded edlodadloogd

ad power o3 apparent power (total) (St) 22[g6 cwd[gooazdloogd
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Power factor (323&:-6)
Prepared by Aye Thwin ( 16 March 2015)

o)) 323E:(6) 0g¢ Non-linear load gpzajoypElgded oo power gpzwoodeod power factor
030500050036 w5[q02:a00I

Non-linear load gqpzalopE power 500 jo§elo3pEs 228E: (§) 0Cesd[ydBelgdo0pdn Bspde
J9% Displacement $¢ distortion power factor | §gogod000dd $& e500580: power factor

980033 Figure-12 , 13 308 20g8ee30qpYaEeiroioomidoondi

Power relationship-2 Figure-12

P 1 J
1 1 1
: 1 1
! - S1 qil s1=P1+@12 |
N 7 ! i ! : :
1 9. I
= Q1 | Pt 1| iApparentpower(total )
I i N I S | St2=512+D2 !
! - Harmonic frequency ! ! (or) !
1 = 1 1
:' 7:: E(DZ) ! D2=D22+D32+D42 +D52+....+Dn? E ' St2=P12+Q12 + D2 !
I(Sf) " i 21 5 Y B0 ! ! J
| 1 ~ 1 Sl 1
Be » 1(D3) 1 E i !
1 W | ] o 1 !
1 ! 1 | g‘ ! :
: :: : I (e} : 1
! ! 1 ! = 1 !
Bl I : S \ |
| ! | i ! !
l o T ! )
1 1
1 i ! | 1
1 1 I 1
1 i ! 1
1 p ! 1
1 1 ! 1
1 i ! 1
gl L 2 J

Figure-12 Power relationship-2
0003¢ block o 9[gE3[grresdlgoonzangdi
No.1 block.....

Fundamental freq elopp&lgdediean apparent power (S1) , real power (P1) $¢ reactive
power (Q1) o361 s005§0de0d power triangle 0odg[gEesdlgoontoopdi power 00986l

squared 00§3:qp:005 oodCeS[03600096 F250:qPE005505¢ 3203E:00058030201
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No.2 block....

Harmonic freq elopElgdedi o Distortion power 0od9gC:6l 8005500603 power triangle
qpelgCesdlgoon:oopdi Distortion power (D2,D3,D4,....,Dn) oodedel squared 0o§3sqpio0pd
600nCo§[036006961 325024005505 3203E:00058(G: e5205e0:006AIE: Distortion
power (D) §§o0p503 cedjgoozangdi

No.3 block....

No.1 block og&§eoo power triangle $& No.2 block o3& 65005ed:096dE: Distortion
power (D)o3elcAlE:00 gadewdlgoonzaopbicdelope esnodediqfoonepd

Apparent power (total) St 20p5 fundamental freq clo3p&lgdeo0n real power (P1) , reactive
power (Q1) gpss&harmonic freq eloypElgdeoon distortion power (D)

o3eigrodejydonpdfescopdadeagqeoed
0065p5:320¢gC...non-linear load qpzaopd linear load gpscoo’ distortion power
qp:Gesa0p5e03aupSlgdaogd

Power _triangles and power factors Figure-13

Real power , P1
St2=P12+ Q12 + D? Power factor = P i
Apparent power ( total ) , St

Power triangle ( for Distortion PF )

Power triangle 8 ( for Displacement PF)

PF = P1= P1 % S1 =i DPF1} x (VmsxIl
St =Apparent power ( total ) St S1 St Vrms x Irms

D = Distortion power ( for harmonic frequency ) PF= DPF1x i ]
Irms=Current (total) L Irms
I1=Current ( fundamental frequency)

DPF1=Cos81= Displacement power factor

I |

1 I

1 ]

1 ]

1 1

I [}

] [}

1 [}

S1=Apparent power ! !
P1 = Real power (for fundamental : \—07 !
Q1=Reactive power frequency) : :
: |

1 1

I 1

1 ]

1 [}

1

Figure-13 Power triangles and power factors
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Power triangle j 903 aublglgoonzoopdi

Power triangle No.1.....

Fundamental freq elopp&lgdedieam power gpiei s005g00g03n30den(gieon

6c0nCe§[0300delgdaopdi linear load 0pE[gdedlcoom power qp3a03E:000§a000
Displacement power factor ( DPF1) 630305098 Edloopdi

DPF1=P1/S1 = cos 61
Power triangle No.2....

Harmonic freq qpselopElgded coo distortion power (D) 63 coddedIEscopdooneon
coonCed[o360009[gdoopdn Distortion power factor ( DPF2) a303050p8EClaopb

DPF2=S1/St= cos 62....
Power factor aopb real power $& apparent power 036l 3ajg0p V0096050020000l

Non-linear load qpzog¢ distortion power 3aoo0[gé 006 [§6d coneoos apparent power o3
apparent power (total) St 35[gdoocdecdo0pdi adelo3pé non-linear load gpseacgod
G§05a026C0DGo0 power factor oo real power (P1) $&

apparent power (total) St 036 3a§jgope[pEscdeo50r8EoRdI

Non-linear load qp:320305 power factor 03030500056page spdsc0ts j§je [9Ea34o3[d: block-A
$C block-B 0gEodapEasdlgaonioogdi
Block-A....

Power factor ocosadjfgdean

P1/St o3 P1/S1 $& S1/St 30[gd 20§t | 9 3000520001 voowsajp 205 power triangle No.1
32 cos B1 0da3udendlgBe displacement power factor ( DPF1) 32051 go30o3a§jgoopd
power triangle No.2 32q) cos 62 o3 o3uSensg[Gs distortion power factor (DPF2) [q6o0p5

clopE power factor 2005 DFF1 $& DPF2 03alicfgpodc08sEad0loodi
b $
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Block-B....

o)$p5:03¢ 30300m§Eel S1 $E St 0deIoo0E3sqP:0? Feesagioooopdi Figure-11
0p€[goonieomn S1=Vrms x I1 $& St= Vrms x Irms 0303 so00:09E:(G: Vrms o3
eg30520p5136(o3pE power factor 20pd DPF1 $& (11/ Irms)

o3sie[gpodco8sEp8dloopdil1aopd fundanental freq §eoon current o3 &3a3(G: Irms ¢ freq
g:cddo€eom current (total) o3e3adloopd

adelopE non-linear load o0p€[gdedieseao power factor copbLinear load qpiogE§ean
power factor sagjgeens 35[gE harmonic freq §eoon current gpscfopE 6s00H000 power

factor 3a§jg3202:0000: 323§ e500052060003 Gao&alaodi
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Power factor (Part-7, final part)

3

3208:(0) 0pCerd[gdeoon Ohm s law 030305506000 agl0odugRd:03E: power factor
[gocosn§esepdsacogptiad 6830050l ceondgEqEicotaoo:ilaagdi

Ohm's Law and Power Factor

by Aye Thwin ( 24 Jan 2016 )

o) post §,§05g05qi05 agiedopmen salFondielgpeso3os ohm s law s3o3sac(gd
oI03 law § power factor a36o003lue)...2903000088005g0065200303 highlight
cod[ggoln 20E[oPpedT001 ©05F0p:03356[0FPEr2EPIC00EOR0G0R
3260333(0360303326[gd(G: 83om00000de0g§:0005600

PYPoeepgCgddonud

Ohm’s law oooooe@oooc\‘)

Conductor 0o&96l 32005 $d9oyp: Bsagnieom current (i) 20p5

a332009509[03:§) potential difference (v) §0305§05s4) [fo300R0H
sqeodpocriofoyt

i & v el 20§ pelion§B:0000 038:e00 ( constant ) [g6oouded
aB3looudi ifv = contsant.

SlonegCiadadqodd

opaRgslgCespeon v/i = R=

Constant a3[8¢ equation [g6c[G: 32095g[o3dloncSi

©0dgIOdI

c005609¢0[gd0o0da}) current 8ig:clopElgdaonodsay 1 Beape resistance
e[gpacd[gtiadaqdag)qoorzonnd

05200026000 i,V qP:00d load stable [§6e5@000 operating condition 0696l instant

time og&[gbeoon current, voltage qpzodqpdogss(Ge rms 0o§d:gpradesdadeq
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Aye Thwin

source l

Ohm’s Law & Power Factor ’
|
12

l'toab | iav

constant

1l:vl=12:v2=...

[

-]

load

-
|
I
|

[OhmsLaw IPoweﬂaaor

obey

fconstant

capacitive)

Fconstant

Fconstant

11:v1#£12:v24.....,

Linear il:vl£12:v24......

Non~]inear 1 } v IJ 12:v24....

\(_v t (}bo’* vy

Not obey

Not 1')!,‘0:.'

den load 20070 G §eenlgdediesa) ac voltage & current waveform

60R030d[goondlonudi des syt

AC source Gogu sinusoidal wave 6 voltage cogd§og0lonud

......

(Red color).glevwd) current waveform ( blue color) 06027 load 20030060l 9oop5G:

et lgé’ll l:éﬁ%&é]oooSu

load gpscil terminal j9lo3p: 03¢ load 3200: conductor 0d93[9d[gE[3pd[B: ohm “s

law [gacpaonfogpdd

No.1 load mGoo; resistive load 3>§E3200:{gd0lon0d1ono303 current 8:0q€ energy

dissipated [36c00} Resistance ¢ogd§ooudi 0pada3Bisotiesod

2§§BE:803 i & v 03§, 304 10005 33[Goné: constant 08958650000
00b5p0:32059E ohm “s law 638058000001 power factor 0o§8:0305[03050qIC pf=1

030005 Bse0E:03 power meo; active power 32§ :3200:6033!
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Load no.2 and 3 oo@ooy energy storage coglydo} inductor , capacitor Gogdleso?
load 3§ [f3202:006931 03 storge | &), 805p5:3oqp:e0l 0005 inductive,
capacitive 020[gCog[gpsognsondd

0900382065003 $03C:w§03 | & v 03§, 208 poopd 33[gond: constant ofgdops
ohm’s law o3ec8o5s00p power factor 00§30 pf<i

[36ecp§oncdn B:e08:03 power cogan active § reactive power sa§jsE0:60R01

2200050] no.1,2,3 load 60303
Linear load cogadesl ooudiomadadadeo current waveform 3 voltage waveform

eoR20p5 sinusoidal wave ¢oglgdesa3di

No.4 load 06027 320005dlp 93 current cog0pdGGLoRo:

Non-sinusoidal wave $é§eoo distortion [gese00 current cogndaoodew:o} load
200200090l

2pa338s0C:e50D

2§$BE:803 i & v 03§, 358 10000 33[Goné: constant w[gdopa ohm ’s law
oBecdadsnopupower factor oo§:on pf<1

[g8ec0§onudi opanomy reactive power 9366§)...a36wr05 ad0e§S harmonic current
elopE[gda) distortion power copdionudi

Conclusion

20005016 R§qI0OqP3306[gde) comOd]EdgaEad. ..

(0)Power system oodgciipower 8:08:003¢E active power gpbsaddlon 0o6505: ohm ‘s
law 2203E:080580[gE:000m0§ Ao pf=1 q§epdgdoopd

() Active power $Eso0p reactive power , 230005 distortion power cepdlaonm
Ohm s law o3cop5:cdmdsn[gEooomne§oopdadeayq e

Pf< 1 §esepdlgdoopd

(p) Belop¢ pf=1 [gdeoqS[girpdea power factor correction el PFC
28300¢poopd ohm s law o3c30dsneoq$[gjrpdean

Design gp:00n|gbe[o3pEa00690060l0580:00058Claogdi

Aye Thwin
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