T LuMesgadd
POWER Fol MwoTan CohfD N WO

Purdue University standardized lecture notes established by a committee

for the-course-when-l- was-a-Assistant Professor at Purdue: —

POWER QUALITY

Customer expects: “Clean” sine voltage waveform with no tages
T CmfvTia) N ?u

Reality: Studies have shown a typical installation can expect
over 70 power disturbances per year

Customer’s own equipment may cause problems within
and extemnal to the plant

E.g., Switched mode power supplies ©€ t‘\‘m "CU
Categories of Power Quality Problems I~ Thunps
Voltage variations and interruptions ~ Transients temporary effect

Hamonics  steady-state problem

Wiring/grounding problems
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engineering licensing fundamentals exam that | passed in 1983; an all
day exam which was closed book in the morning and open book in the

REVIEW NOTES FOR THE EIT EXAM

These are my review notes that | purchased for studying for the

afternoon
TABLE 1%
Ihuw.h-ndAcnanuﬁmusﬁwIﬁyﬂuﬂSruems
System Through-variable f | Intesrated through- | o @@ ableo | Intesrated across
variable A4 variable x
Mechanical. . : .
":c:’h:t:: :  — Translational V.elocuy Displacement
momentum p difference 02, difference x3,
:-;:::'r:clal- Torque T Angular Angular velocity Angular displacement
momentum & difference Q3, difference A2,
( - Elecufal\: @ Cha Voltage i
i rge g diffe o Flux linkage X3,
Fluid Fluid flow Q Volume ¥ Pressure Pressure-
difference P3, momentum ["s,
Thermal Heat flow q Heat energy IC Tgnpu:uue Not used in
difference 83, general
ALso
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*Reference 4 (Table 4-1, p. 82)
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REVIEW NOTES FOR THE EIT EXAM

These are my review notes that | purchased for studying for the
engineering licensing fundamentals exam that | passed in 1983; an all .
day exam which was closed book in the morning and open book in the

afternoon Tase 117
A classification of relations for simple physical system models

FUYSICAL MEDIUM

CLASSIFICATION

Electrieal M echanrenl Heal conduction Flusd
Through C %Forre J i :
H E L t H i M .
variable ’ - " “l.f" ! : (Moment M) { Heat-flow rate ¢ i Flow rate w
. - L T —— -1 . L H i\ ——
(1) Variahles j---semeerene i} %? L * S N : —
| Arron " votagodrops| T T 7 veloey v | N § L Pressare 5
! variable " i : (Angular | Temperature T tior
: e o — : veloeity 2) ; { Liquid height A
Force equilibrium First Law of Thernno-
(2) Equilibrium relations - (Newton's law, dynanies Continuity we i, = éa
tamonyg through v [ KCL: 2ipu =0 4 la D'Alembert) v dt
§ thmanh varietive - C= = guis o work, |p '
Srzel @ T [ itran
R e T Tt T [ R o change
Compatibility rela- sressrrrees | seesseesresss et e s en seen e e .
Lions “among acfuss vari- KVL: -0 iy = 0
albes — Ty = 0 Iices = 0 ZPiews = 0

) Constitutive phs~ieal ) ‘—"’:‘( Spring
relations ' Inductar E! 1. I.' - kg
: "T-l\p-." L . Mg = ‘IM‘ at
s istarage via ! (9
: 1 — ’ Y
s a through e L [ i £ r\:i' Mew Moo = 1g

Passive : varialide
cnergy - \arnl’-' ,,,,,,, M., g =k fudt
orage g |o— S o— —— s S ———— e
clements ; I. . wiia ' " Caparitor Mo lleat capacity Gas storage
INragy via . ! i - - pn
Lan arToss j . . 1 "Y' ' C-¢ Goer ™ 1y o 2 w = Cp
! =0 ' (derived from B w =Ch

K

varilde.
" Liguid storage

wiin :
- M, =JO the First TLaw)

*Reference 1 p. 131
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These are my review notes that | purchased for studying for the
engineering licensing fundamentals exam that | passed in 1983; an all
day exam which was closed book in the morning and open book in the

afternoon REVIEW NOTES FOR THE EIT EXAM
TABLE [ (Continued)
PHYSICAL MEDIUM
CLASSIFICATION
Electrical Al echanical I eal conduction Fluid
(3) Coustitutive physical ; . foi §les  Dam i .
relations (continued) ‘ Resistor 3 1 b g .’: Heat resistaace r Fluid resistance
Pussive a —I . 0 v Ll
energy- B N B 1
e R A Mt L J CE T
elements [ty "_?B Ay =
 “Toype” i =il g = ql0) preseribed | ¥ = (0 prescribed
i (Constraining prescribed J = J{I) preseribed Heat-fow source - Mase-fow
i a through ’ | S——
varpble) Current source Force source| =
[ Yooy USS— o S —— ] .
- - , p = pl)
{ “A-type » = o(t) preseribed u = u(l) preseribed T T=TW® ﬁ '
i (Constraining * Voltage preseribed
i an across n source » Pressure
§ variable) - Nl" Velocity source Temperature source % source
il
Isolators (independent ¥o=ex
of load) (independent of load)
Amplifier Ilydraulic integrating
amplifier
TABLE [T (Continved)
PHYSICAL MEDIUM
CLASSIFICATION
Electrical-electnical Electrical-mechanical Mechanical-mechanical
0
= Nn » - f- g = =0
" n »=Ko \) o, N
h w2 ig - :l_i. \2&’\ ”‘(- ’
Energy-conversion elements » * . . M = Ki
- “ v : My = NM,
(¥ is the ratio of radii: NQ:—‘)
1]
Transformer Motor or generator Gear train




Purdue University standardized lecture notes established by a committee
for the course when | was an Assistant Professor at Purdue:

IEEE terminology: “INTERUPTION’ or ‘DROPOUT”
: - 7]
150 1o ) ol %J%géotal loss
; ! [ Vv for
100 ! some duration
)
S 9 o
o I -,
> 5 ———
-100
I [RIA
-200
205 50 100 150 200
4 tme (msec)
- L
‘TRANSIENT’ (i.e., a temporary start-up thing) Lo g I
Surge: caused by lightning & switching '~~~ - &
400
300
200
s ol L0
> { M
, V \\
-100 - -/, !
0 5 10 15 20 |
- tma fmean) :

EXAMPLE CAUSES: 1) initial energizing of power factor correction capacitors A\
2) switching on.transmission lines . . ... ____ _ i 9’)"//5,;’




Purdue University standardized lecture notes established by a committee
for the course when | was an Assistant Professor at Purdue:

’__' o EPCRY
e LI fAmas (ST
?f%hq 2 :V\ ?,_'_“ (= . Cm"(;"s
[ . ] V%
190 1] —— (upfoatew-
o0 111 T }l 'l | I | seconds)
- 1 ¥ : .
§° 0 ; <05C le
3 | =2 hot
-50 | , s
|HINY > 0.
-100 A1 _’Q\S cycle
'15) _ v' \{v’ V v e:.
200 § 100 150 200
2 time (msec)
o REARE AT PS
200 —1 ¥
150 & 1= s e— | ﬂ ” 1 -
L [ I o afew
100 | T,“ seconds)
| S
. | | '
g 0 1 <0.5cycle
E ,’ ] Y sume
-100 .
; > 0.5 cycle
-150 v U ;l {]‘ uu v l\c “v’ -? over-
200 : VOItage
— 50 100 150 200
- time (msec)
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Purdue University standardized lecture notes established by a committee
for the course when | was a Assistant Professor at Purdue:

" Vdigan Powen ‘?:‘g? |
‘X
— : CBEMA- ?TC‘CU . olerances
: '~‘f‘l§ 2. Swells
5 400 T \ g 3. Surges
. O )5 4. HF surge
58 o | 1 ot
(—E% | : ! 3 5. Undervoltage
E 3 200 4 L 6. Interruption |
- EamPyTE
5% 140 fi-...... 2 %“ o |
s~ O 100 ++ 80 9‘“ \.$
0-":..:.:‘? — T g \lps *
10* 10° 102 10° e M"
Time - sec . “g.r,.*
\,'.M ’7’ l,‘.l‘.
ﬁ: |.“
Hamonics &
What are hamonics?

Fourier Components of current L FREQUENCIES
voltage rwé’*""‘ﬂ ;

|
WHEAT foonc =N om0 =1,2,3, .. |

l o

l Where do hamonics come from? |
|

!

Nonlinear loads!
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Curve from the Information Technology Industry (lIT) counsel standards:
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