HuwoHd - HANDoUT EENG- 882 o5 FsB 1Y é)m, BA;»M/ Lt

PROBLE my #F |

Scenario: You work for Pearson Education (the publisher of the textbook) as a Subject Matter
Expert (SME). A reader has submitted the following feedback to the editor, who has then
assigned you the task of clearing things up by indicating what, if any, corrections need to be
made to either the textbook or MasteringEngineering and supporting your recommendation with
both an “intuitive” explanation and a detailed technical verification of all of the material
regarding the instantaneous power in three-phase circuits.

Dear Pearson,

The material described below from your textbook and the companion MasteringEngineering
website appear to be either wrong or at least inconsistent. Please review and correct as needed.

In Section 11.5 of the textbook (p412), the author makes the claim that the total instantaneous
power in a balanced three phase circuit is

pr = 1.5V, 1, cos8,
They further make the claim that this is consistent with Eq. 11.35.

In the chapter summary, (p419), they state, “The total instantancous power in a balanced three-
phase circuit is constant and equals 1.5 times the average power per phase. (See page 412.)”

Finally, in the MasteringEngineering MEO3 assignment, Part D of the Balanced Three-Phase
Voltages tutorial offers as one of the possible answers to the question of the advantages of three-
phase generation the following: “The total power available is constant and equal to three times
the average power per phase.” This is considered an incorrect answer on the basis that, “The total
— power available is equal to 1.5 times the average power per phase.”
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PROBLEM 1|

SINCE AL OF THE |SSUSS RAISSD CEUTER AROCUND THL TOTAL
INSTRNTANEOUS Po)ER AmnD THE AVERAGE PER PHASE POw:Z R
/N BRLANCE D THREE- PHAST CIRCUITS, WE BI&/A BY DLRIVIMNG
THESE TWoO QUANTITILS.

TOTAL JNSTANTANEOUS FPowgR

LOOKING AT A SINGLE PRASE, SAY THE 'a. PHRSE, THI /NSTANTANZOUS
FPOWER pPeLIVERED ToO THE LOAD 1S

-

) Ty

Bl

LY P = Vo I,y cos(wt) cos(urt - 62)

Pa) = ) (o (3)

SINCE THE CIRCVIT N QUESTION 1S BALANCED, THE OTHER Two PHASES
LEAD BND LA& THIS PHASS BY120°. cHoos)nG A POSITIVE- SEQUENCE
SYSTEM , LIS THUS HAUL

@ Po)= VmTw cos(wt) cos(wt-Bea)
Pe(t) = L cos(y‘l’— {.?o°) cos (wt- 6z - f20°)

tos(wt-128") = cos(wt) cos (Iﬂf)*sén(wf)55ﬂ(120°)
= -z cos(wt) + L sin(wt)

coslwt-B2-126°) = (l’oséff- 02) e05(126°) + s i (ut-B2) sen (120°)
=7 cos(wt-02) + T s (wt-62)
@ Pelr)= VmI, ”‘;T cos(wt)eos (WE-B2)+7 sin(wt) sin(t-62)

"?" co.s(wf)_sihfwt—G;) = {1 sen(wt) cos(uf—&:)]

Pe(#) = Vo I cos(ut+120°) cos (ot -B2+120°)

05 @'L’HJD") = w;’:(u‘t)cas (120°) = sun(wt) sen(wt - 82)
== zcos(wt) - % sin (wt)

(05 (t-8,4130) = 05 (wt-B2) cos(126) -sn(t-G2) sen (130F)
= =z cos(wt-62) - Z s inlwt-02)

@ ()= Von T [T o5 (wt) o5 (wt-02) +7 sin(ut) sen (wt -H2)
+-‘=’1§c‘os(w'l") sn (ut~9:—) 4‘—5" Sth (w-l') cos (wt-0z )‘]

L) = Pale) + Pe(r)+p(4) (®+ @ +®)
:Vm‘I |+I',"+".; cos(ut) cos (0t-82) +(%""3')Sin(uﬂs¢;n (wt—&)
(L) sl sin(t-62) + (- T+ 2 )sin(wt) coslut- =)
= L5 WEcos (wt) cos(ut -2 + sén(wt) sinlwt-Oz))
= |30 Lcos (wt- [m‘!:—&z-)}

A£(E)

,‘. Pr(t3= }-5— vam @os (93.-)('
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PROBLEM £ (conT D)

AVERAGE PER-PHASE Ppwsk

BY sSTmMMETRY, THE AVERALE POWER /N ALL PHASES ARE Z@UAL.

THEIRSFORE | WE chw EXAMINE TUST THE A-PRASE AVIRAGE POWZR.

Po= 7 ot
=$‘ f\/m T cos (wt)cos(wt=82) ot
HV, S sl sl sint) s OeTl ot

2 T
=;l Vi I,,[S.rcusa(ut) cos(BAdt + | St (wt) coslit)s £n( Bf)dt]

=PV, ] cas(82) [ cas(e) tt: +tn()foin(ueos(delt |
=N, [eos(02)-F + sin(8) 2 sl ° ]
S cos(6z)%

F
.4P¢ =E['VmImCDS(QZ—)< €

LWIE AN NOW HPDRESS THE cowNCERMNS RAISTD. FIRST we CAN
COMNFIRM THAT THL ERUATION GIVEN FoR THEL

TOTAL JNSTANTAL SOUS
POWZIR WEZAR THE Bomrom oOF PHIR IN THE TEIXT |s copRECT-

EQN /.35 STATIS THAT

PT — 3% = 3V¢I¢ cos 9@ CEQM 1. 35)

FIRST, wors ThaT E5=83z2 = THE toAD IMPEPANCE ANELE . SZcom D,
MOT & THAT Vm#Im ARE THE AMPLITUDLTS 'OF S1nusOIbAL SI6UALS,

wHILE Vy #Ty5 pRE , PER THE CONVENTIONS ESTABLISHED M pHOS,
RmsS vpewves. tHus:

Ve

THERSFORE, OVR RESULT FoR TOTAL INSTAMTANEOUS POWER CAW
BE wRITEL AS

Prl®) = 1.5 (V)7 Tp) cos (6))
L) =3VyTpcos (85) =3P

THUS, ps GLAIME D, THE TOTAL WSTAUTA N EOUS
AND s CoNsSIST ST WITH L8N )],35.

POWER |S ConsTALT
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PROBLEM 3| (comwT'D)

THE CLALM W THT CHAPTER SUMMARY o4 PY|9 THAT THE ToTAL
INSTANTAMZOUS POWZIR I A BALANCID THRES- PHASE cIRCUIT
IS CONSTAMNT AND SQUALS LS TIMES TRE AUSRAGE PowsR
PER PHASE IS oMLY PARTLY copRRICT. SIWGE THE TOTAL
INSTRUTAKMZOUSE POWER HAS NO TINE -DTPENDENCE, T IS
TRUE THAT T IS CONSTAWT. HOWSEITR, 1T IS £QUAL TO
3 Times THE AVERAGEI POWSR PER PHASE. NoT oMLy 13
THIS BoRN ouT BY THE DERATION ABOVE, BUT IT IS REQUIRED
BY THE ComSERVATION oF SNERGY. IF THE ToThL Pows R
DELIVERED IS ComsSTAMT, THEN IT MUST BE SQUAL To THZ
AVERAGE TOTRL POWER DSLVEREIP. IF EACH PHASE COMSUMES
POWER sTmmETRICALLY , THE THIS MUST 1M TURN BE sauAl
TO THREEZ TIMEs THE AUSRALE PSR-PHASE PowsR.

THE PRoBLEM 10 mASTSRING ENGINEZRING IS wRonG 14
TWo RSSPLCTS. FIRST, THL OFFERZD ANSWIR 1S CoRRECT AMD
SHOULD MNoT™ BE COMSIDERED JWCORREZCT. STCOMND, THE RsASON
GINEN TJUSTIFY /MG THL cLBIm THAT THE AMNSWER IS MWcopRSeT
SUFFZRS FRom THAZ sAamE ERROR THAT THE CLAIM o) THS
SUmmaRY DOZS. :

THE mosT LIKELY REASOA) FoR THZI ZRROMEOUS CLAIMS IS THE
FRILURE To RECOGNWIZE THAT

Fo # VmIm cos€0)

Beease Vm amwn Lm ARE aoT RMS VAWES, NSTEAD

Vh\ Im
P¢ =, =] fos (90)

THeERTFORE
TR E T cos(6g)

=1 |57 A ol \i%f‘-” ¢os(04)

Py =3y




