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Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 10000

3
Voltage: ¢ = 0° V(t) = Vm*sin(ot+ ¢)
Current: 8 ~ 90° I(t) = (Vm/Z)*[sin(at+ ¢ - 6)-exp(-RYL)"sin(¢ - 6)]
2.6
2
18

ol
—

o

Voltage and Current (Per Unit)
o
(&)

o
n

-1.5

-2
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18

Time (seconds)

NS oduces maximum positive DC ofFse:
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Fault Calculations for Application of Circuit Breakers Page ﬂ of 33

Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 10000

Voltage: ¢ = 90° V() = Vm*sin(ot+ ¢)
Current: 6 = 90° I(t) = (Vm/Z)*[sin(wt+ ¢ - B)-exp(-Rt/L)*sin(¢ - 0)]
2.5
2
1.5

0.5

R
i)

Voltage and Current (Per Unit)

» \

-1.5

-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes:

No DC offset
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Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 10000

3
Voltage: ¢ = 180° V(t) = Vm*sin(ot+ ¢)
Current: 6 ~ 90° I(t) = (Vm/Z)*[sin(ot+ ¢ - 6)-exp(-RUL)*sin($ - 6)]
2.5 |
2
1.5

-

o

_

Voltage and Current (Per Unit)
o
(4]

1
o
(6]

-1.5 }
-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18

Time (seconds)

Notes: : N
otes Produf—e‘j mayymum ﬂ@j&d’)l/@, DC dffj'@-b,
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Fault Calculations for Application of Circuit Breakers Page /6 of 33

Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 10000

3
Voltage: ¢ = 270° V(1) = Vm*sin(ot+ ¢)
Current: 6 = 90° I(t) = (Vm/Z)*[sin(wt+ ¢ - 0)-exp(-Rt/L)*sin(¢$ - 0)]
25
2
1.5

=N

(=]

Voltage and Current (Per Unit)
o
n

S
o

-1.5

-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes:

No DC offset.
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Fault Calculations for Application of Circuit Breakers Page /7 of 33

Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 10000

3
Voltage: ¢ = 315° V(t) = Vm*sin(ot+ ¢)
Current: 8 = 90° I(t) = (Vm/Z)*[sin(wt+ ¢ - 6)-exp(-Rt/L)*sin(¢$ - ©)]
2.5 |
2
1.5

AATATAT AT AV AT AT ATAY,

0.5 |

Voltage and Current (Per Unit)

-1

-1.5

-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes:

T, Jermedia e po si hive DC opfset.
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Fault Calculations for Application of Circuit Breakers Page E of 33

Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 10000

3
Voltage: ¢ = 45° V(1) = Vm®sin(ot+ ¢)
Current: 6 ~ 90° I(t) = (Vm/Z)*[sin(wt+ ¢ - 6)-exp(-Rt/L)*sin(d - 0)]
2.5
2

s
B =

o
_—
—
‘h-"‘—-___

Voltage and Current (Per Unit)
¢ o .
m ——
—
——
—
—
——
——

o
[8)]
—

-1.5

-2
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes:

TIntermediale pas;'#ﬁ'\/e pC ofﬁ_?e'/:,
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Fault Calculations for Application of Circuit Breakers Page /7 of I3

Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 10000

3
Voltage: ¢ = 67.5° V(t) = Vm*sin(ot+ ¢) .
Current: 6 = 90° I(t) = (Vm/Z)*[sin(ot+ ¢ - 6)-exp(-Rt/L)*sin(¢ - 0)]
25 ——
2

1.5

Voltage and Current (Per Unit)

& -

i —

———— S
o

e

s

= s
————

SAVRLAVAVAYRYRLAVAVAL

-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes:

Lintermediate /)os;“h\/e DC aff.&‘et,
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Fault Calculations for Application of Circuit Breakers Page 20 of 33

Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 10000

3
Voltage: ¢ = 202.5° V(t) = Vm*sin(ot+ ¢)
Current: 6 = 90° I(t) = (Vm/Z)*[sin(ot+ ¢ - 8)-exp(-Rt/L)*sin($ - 6)]
2.5 ' |
2
1.5

—

o

Voltage and Current (Per Unit)
o
4]

O
&)

1.5

-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes:

TIntermediate negative DC opfset,
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Fault Calculations for Application of Circuit Breakers Page 2/ of 33

Effect of X/R Ratio on Short Circuit Current
Voltage Closing Angle (Phase ¢) = 0°
X/R =100, PF =.001, 6 = 89.4°

3
Voltage: ¢ = 0° V(t) = Vm"sin(wt+ ¢)
Current: 6 = 89.4° I(t) = (Vm/Z)*[sin(wt+ ¢ - B)-exp(-RY/L)*sin(¢ - 0)]
V| kb DC Decay Curve Imax = 1.968974 at t = 0.00833333 (0.5 cycle)
2k

-
[8)]

—_

o

Voltage and Current (Per Unit)
o
n

+1:8

-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

- Notes:

DC decay fakes many , many cycles,
T peak at exactly 0.5 cycle.
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|

Page 22 of 33

Effect of X/R Ratio on Short Circuit Current
Voltage Closing Angle (Phase ¢) = 0°
X/R =25, PF = .04, 6 = 87.7°

3
Voltage: ¢ = 0° V(1) = Vm*sin(ot+ ¢)
Current: 6 = 87.7° I(t) = (Vm/Z)*[sin(wt+ ¢ - B)-exp(-Rt/L)*sin(¢ - 0)]
T ks DC Decay Curve Imax = 1.882811 at t = 0.008055 (0.48 cycle)
2k
- 15 el
= .
= Jd
=
1™
g1
-
c
2 [
5 05
&)
) 1
G
® 0
o
&
0
> 05
%
-1.6
-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18

Time (seconds)

Notes:

DC decay fakes several| cycles,
L peak At 0.Y8 cycle.
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Fault Calculations for Application of Circuit Breakers Page 23 of 23

Effect of X/R Ratio on Short Circuit Current
Voltage Closing Angle (Phase ¢) = 0°
X/R=6.6, PF=.15,0=814°

3
Voltage: ¢ = 0° V(t) = Vm*sin(ot+ ¢)
Current: 6 = 81.4° I(t) = (Vm/Z)*[sin(ot+ ¢ - 0)-exp(-R/L)*sin(¢ - 6)]
T ] DC Decay Curve Imax = 1.632314 att = 0.007777 (0.47 cycle)
2\
1.5 X

—

o

Voltage and Current (Per Unit)
o
63}

1
O
(&)

-1.5

-2
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Nows: D decay only fakes a few cycles.
T peak at 0.97 cycle.
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Effect of X/R Ratio on Short Circuit Current
Voltage Closing Angle (Phase ¢) = 0°
X/IR=4.9, PF =.20, 6 =78.5°

3
Voltage: ¢ = 0° V() = Vm*sin(ot+ ¢)
Current: = 78.5° I(t) = (Vm/Z)*[sin(wt+ ¢ - 6)-exp(-RH/L)*sin(¢ - 0)]
g * TR DC Decay Curve Imax = 1.5438 att = 0.00750 (0.45 cycle)
4

-
[&)]

—

o

Voltage and Current (Per Unit)
o
t

o
(41}
————

-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes:

DC decay APPro X 3 c:,yc/ej,
T peak at g,45 cycle,
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Fault Calculations for Application of Circuit Breakers Page 25 of S =

Effect of X/R Ratio on Short Circuit Current
Voltage Closing Angle (Phase ¢) = 0°
X/IR=3.2, PF=.30,0=72.6°

Voltage: ¢ = 0° V(t) = Vm*sin(ot+ ¢)
Current; 6 = 72.6° I(t) = (Vm/Z)*[sin(at+ ¢ - 6)-exp(-RYL)"sin(} - 6)]
...... DC Decay Curve Imax = 1.398674 at t = 0.007222 (0.43 cycle)

2.5

1.5

0.5

Voltage and Current (Per Unit)

-0.5

-1.5

-2
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18

Time (seconds)

Notes: DE. a{e.(:ay Ve,r";/ Z vic K,
I/;eak at o0.43 cycle.
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Fault Calculations for Application of Circuit Breakers Page 260f 3 L)

Effect of X/R Ratio on Short Circuit Current
Voltage Closing Angle (Phase ¢) = 0°
XIR =1.7, PF = .50, 6 = 5§9.5°

Voltage: ¢ = 0° V() = Vm*sin(wt+ ¢)
Current: 6 = 59.5° I(t) = (Vm/Z)*[sin(wt+ ¢ - 6)-exp(-RYL)*sin($ - 6)]
Y DC Decay Curve . Imax = 1.19745 at t = 0.0066667 (0.40 cycle)
2
15[

Voltage and Current (Per Unit)

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes: DC 0{@(’1{1‘/ /\V') C’;TP,DPOX. j CYG/G-
T peak at o0.40 cycle,
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A]?ﬂ /I‘Cél-/’_l:ﬂ/) aﬁ C/‘f-C 01'7‘- Bfeﬂ)kﬁkf ;’?a tlot:he File
Subject alculations
87/2-!/2&/0 EC,B 1 To be Drawn
By

Project No. { Date Pagez7 of ‘3

From analvysis o 7he /Drececﬂ.'rzﬁ /0/0755:

D Maximum DC opfset occurs at velfage
hase ofF ©0° (T = 250 p:hi). ok /50°
%?Iman = "Z,GF.U. ):?ag.n % f%a);'m/)ea{aﬂCQ
angle is A 90°. In o ther words , +he
jmpedance is essentially indvctive.

@ Tr theve s resistance in the c/reuit,
Thew the exponential decay oF +he
DC component comes nto play.

B When the Volfage Phase i's sel 78 0°

ond the X/ ratios are varied, the,
F_{,!{owa’nj characteristics are roted:

a) Very fm‘;;)q X/R ratios (2.100), +he
Cime- COWJ#LHT 15 long and dﬂﬁﬂ-ej oF
D c,,omPOV‘e/V’l‘r ‘a kes mMan/ C.\/c/e,S,

b) \/er»/ fm‘glf\ ></R vatosS — the peak
current occurs nearly exactly
one- holg cyele 'nto the f-ﬁtb’/*
For lowev %2 rathosS, as the ratio
Aecreases , the peak currenT occurs
5)-‘9"‘“7 earlier inte the Fauﬂi'

X/fz-”' /00 I/)ea[{_ a = O..SFCZYC.{'E’__
X/R= 25 T peak at £ =0.48cycle
XA = b b _I/JEaki at f= O,‘{7Gy‘6/€
X/RE H L peak at & =045 crele
X/p= 2z T peak at t= 0+93 cyecle
X(p=_1.7 T peak at t= 0.40 cycle
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Subject alculations
/21 /20/(¢ ECB 0 To be Drawn
'/Data / By Page ﬁ of 33

Project No,

@ Maximvm DC offseT occurs at +he zerd
crossing of the volTage wave form. At
=0° %he volTage is zero and /'wcreatsr'nﬁ)
Ehis resvlts in moaximum posihve DC offset.
At ¢= 180° +the vollage s zero and
Aecreasing ; +his resul1s 1n maximum

negative DC oFrset.

6 For typical X2 ratiss seen by Favlts
n o distribotion system (e.g. X/R <10)
the DC component decays within a few

Cyecles:

© EPRL researcl has shown +hat 0% of
Faults occur when \/o(t/-aje phase (c losing
&Lngle,) wasS within &% of pealkk (angle 70~ 90°)
+hys y.'e,(a(;';_zfz‘ currents w.’fh DC ofFfsets
Far below e +heoretical paaximur of 2.0 pu,

Lightning faults are a digferent stary,
: J ‘m' in Electric Power Distinbution

See. Fig.
[Homol bgok_ by 7. A. Short ]
(7D The plots Show that there are signigicant
con Sfolé’,fd\,"—l\oﬂg ;ﬂ\fOl\fE’.O{ when ,:S'uf;“f't/h/}/lﬁ
highlY indvetive oadsS or apply ing Circuit
breakexrs clesse. ‘o such [oads Suth as in
I Submﬁ*oﬂ Wit loLrge.L f—mnSFarMMSf
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Subject el
87 21/ 2010 EC.B 7 To be Drawn
Project Na. '/Date/ By Pageﬁ 01_3;3

Lmp li cations for [P lication of Cireut Breakers

Favult calcdlations are /ae,rﬁofmea/ pripar /\f
in phasor (freguenc )a[amail/] and 1T would be
improctical 45 pefform +ime domaivn fransient
analysis fov every app li cation.

I’/’ 'S D}es;—;a«bf@i_ To Aa.,l/& a SI‘M,P /e{d MU/?";'/)/:‘EV‘
to apply e rms symmelrica ults
c:jr’fef/\p‘f'.c chcula-T“Ed( | N li'\ﬂ?_ /914:150;/' ﬁtma:m

in ovrdey 4o c.ompemsod‘e for the DC spfse T,

£..8.. the. asymmetrical current or +otal| rms
curven T,

To this e/m(i, +he time clomain eg voation

previous ly derived can be Sa'mp]:'ﬂz‘ed For
O guasl— worst —-case scenario as fFollows !

. Assume Chal the driving valtage for 7he
Faul'f“ a(w&‘{f occurs wheln CP = O " -{:he_
Zeyo crossing when vo [tage (s [ncreasing .

¢ Assume that the argument (@ —6)oF
the sSine Functions always evalvate
to 2. % ar. F0° Co vield a [.0 maxi nmvm
moltipliev (we use =72 to produce a
positive DC orpset ),

e Assume that ﬂwe,peak_ asymmetrica |

correnmT occurs exactly one-halp cycle
into the F—aul'f‘.
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Projec 2 : = |
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Subject El{alculatlons

5 / 21 / 20/0 & CB A To be Drawn
By

Project No. : Dale PagB_B_o_. of .__3_._3

Modi fication of Fhe erguq-f’io?g:)
— (% )¢
L) = %/—gj[sf‘n(wﬁ ro-6) - - 5inl¢-6)]

. 6. :
€= 06,5cycle -:0,5(?_4-):_— % = 41 L fgslenr |

&%,_n- b e 23
(e =T e ()T

o= oy [oin(o()-F)-e - 20 %)/
TR A I rar )
L max = F/\;/":‘_/_[S%(‘i)‘ﬁc eSm (/;72.2]

-
L max = _v_lM/— L_{L + &(x/k)j L«JL\BTG’_. X &Lk
JE

e TR
shma = g g S
_;r,ﬁj
V2 Vems . Y=z Vims e 04l
IM&XT‘- /| Z/ : /%/
N \_/B/;_/
M =Ty

IMOLK :ﬁIV‘MS +'1/£I yms’ S

AC rms SYym max. DC offFseT
Ao " mtiont

I 1Y Manner, Simple od justmenT for 7"'}76:..—(75”75/'3”_]'
Asymme:hf}% OF +he Fa,u/'f"aam be Made. US/r')ﬁ ~+he_
rms sym favlt curren (phasor doma fn)c:md the system X/

ratio’.
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ﬁsﬁﬁi)} !I.CA";T\O n Of LT U:%Brea,&gfg 7 Note to the File
bject

Calculations

2/ 20/0 EC& ™ To be Drawn
8,/ Dé{ By Page _3_L of i 3

Project No,

s
I;;ea.lc T _l/i—z_rms [—’—I— T e CWA)_]

This is the most .'qolusfry-—qccgp‘f‘eﬁ{ ApPProx inmation)
that s vsed, but /1 gives an approxXimatiov)
that is slightly lew [Elec. Power DisT. Hmdéao#:j_

As vsed jn ANSI)IEEE C37.13 (Low Voltage
AC Powev Circuit Brea,kers) For uw,ﬂuseﬁl
breakers pated based on peak current !

Unfused beeakers arve rated and tested
down To power vector of /57 (up 1o R
ratio o b.06)-

Obton a mulﬁplﬁnﬂ Fac:/ar’ /MF) 71.0 app /7/ 7o
rms currents with X//Q r‘&‘l"fdj /—::‘5)16# ‘f‘}iaﬂ
6.6 (€9 normalize eguation fo X/R = 6.6 e

- - ZR)
Trek e VBT Gre®] VE[re™?

MF= ¥R = = — =
Tpeak VzTrins [1+e” %) 2.2%
x//?_: G

Use Hhs eguation ‘f‘o.recrea“‘aTaL)e.-B % ANE/IEEE C37. 13
For Unpused circuit brealers :

System Short-Civeur Syste Multiping Factsr For
Ygaulef Factor % !}:2. P.q,"no Calevlated gms Sym Fau\TCﬂWeﬂT

15 b6 [,00

|12 3'9-7 i /10‘7’

/O 9.95 ], 07

8.5 ). 72 /.07

7 14.25 Lid
S5 20.0 [ 1Y
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ﬂ'pﬂ /)Cﬂ.—hd/} of C cu, T B@k@fs 71 Note to the File - g

Subject Calculations

5’ 2/ /20/0 ECB 1 To be Drawn
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As vsed in ANST /T EEE C37. 13 (Low Volrage
Power Circuit Breaters ) fFor fused circuit breakers

rated based on Fotal rms current (asymmeliical) :
TEEE Pefinition fFrom C37. 010,

Total rms curvent = '[(Isvm)z‘*‘ (Ibc "-‘”""F""Q”O I

— I = _.rr Z_,
L tota/ 3 ‘l/?.r rns)z'-w‘-' ( ‘IE Ifms [ /Fﬁﬁ)

i e L T~ DC compoienT
2 & -2 1 From 5c'):'hp}tﬁ
T +otal = VI"""'" + 2T e €, (*IR) eguvation

TAstpl.. ﬁrm? (’ o Z-E:%ﬂ))

- Z
Tkl TVEme ViFze =

Lt = Irms"]// -+ ZE_#%)

rms asym

Fused breakers are rated and tested down
+o power factor of 20% (up te X/R ratic of 4.9)

0 btain a multiplying Factor (MF:)’J"G a\pp}y 76 rms
Sym curvents w,th /f?_ ratios hijher Fhan 4.9
(e.g. normalize eguation o %R = i, 9).

i -2 -
MF = J-;-ﬁm’f?her_ﬂ L MJW‘J"ZE@ - .l[/'f'ZQ%’ﬁ)
Trtl " Iehs\[1r2e 25

Xp.= 41
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Subject Calculations
S’/Z//ZO/O EC.(S 01 To be Drawn
Praject No. 7 pae By Page 33 of

Use +his eguation 4o recreate Table 3
in ANST /TEEE C37./3 for pused circuit
breakers ;

System Short-Circuit| System | multiplying Factor For
Power Factor < X/ Ratio | calcvlated rms sym fault current
20 H.,9 |, 00
L5 (6 [.07
{2 %.27 f+12
/O 9.95 /.15
g.5 M 72 [:il¥
7 /4. 25 [.2]
5 20,0 (.26
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Fault Calculations for Application of Circuit Breakers

Page éof 2

Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 3.016

3
Voltage: ¢ = -18.34° V(t) = Vm*sin(wt + ¢)
Current: 6 = 71.66° I(t) = (Vm/Z)*[sin(wt + ¢ - B)-exp(-R/L)*sin{p - 0)]
------ DC Decay Curve Imax = 1.357389 at t = 0.0078125 (0.4687 cycle)
=8 DC Offset Max = 2 at = 0
2
E 1-5 "
£
o | L
g 1 "he e SO JOUR e JB D M | P -
-
=
o
5 05
&)
=]
&
@ 0
o
=
o
> .05
-1
-1.5
-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
- Time (seconds)

Vet When (@-©) is 707 and & s
hot Ooj maxinmum DC offFset oF
2.0 pv is prodvced byt does
not resul™ in maxinmum /Jossr'é/e

—_—

value of currenT.
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Fault Calculations for Application of Circuit Breakers Page 2 of 2.

Effect of Voltage Closing Angle (Phase ¢)
on Short Circuit Current with X/R = 3.016

Voltage: ¢ = 0° V(1) = Vm*sin(wt + ¢)

Current: 6 = 71.66° I(t) = (VmIZ)*[sin(wt + & - 0)-exp(-RU/L)*sin() - 0)]
------ DC Decay Curve Imax = 1.378883 at t = 0.007291666 (0.437 cycle)
DC Offset Max = 1.949183 att=0

25

15| X

05

Voltage and Current (Per Unit)

-1.5

-2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18
Time (seconds)

Notes: MaXimum \[Q\UQ_ OF’ C,UFV'Q/VLT | S

only produced when (& -6) s
£90° and & = & e &= g0
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Subject -Calculations

‘7 4/ 20 /0 E_C_,B £ To be Drawn
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Project No. " Date'

r/Vle.Hﬁaa/ 8.0 i Sele| Fics 7= 0cder Ejuaﬁ‘dn

Using general solution method For [’'near
O\{Fpefem'h‘ﬁ[ ejuq,—Hon S with constanit coefficients.
Gevevnl solution 0F an in Mmoyemeous eguqfr‘om

is the sum op solutions To homoegeneou s

aguation and selutions To particular integral,
combined with selution 18 1nitHal valve pmblew‘!.

L homagemeous ELZUODL;OH ! —5% + L&I&): !j_'—:’l—éfn (a.)ff-f*tb)

Solutien to Homogeneouvs Eguation

N =
Homo geneous eﬁua‘hon, o _E—I(ﬁ—) =0

ol . e
characteristic po\ynomtal . (r+2 ) O Y= 1
.S.'ngfe (.Sn'mp,e) root

with multiplicity L

The general solution (complimentary Func:f‘fom)
is of the form, @yt

I(f’)h = C.j e

(Coﬂ?‘?)
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0 Note to the File

Aﬂp l ( 'h.Ofl OF C’hrcu"f BMW s sCalculations

Subject

q/4/)2010 ECB 1 To be Drawn
/ / Page;z-__of,z

Project No. " Dak By

Solu’*';o{) S Pc\r’HC.UMY’ .Ir‘:"f'EﬁY‘al 87/ 'f’jfie-
Method of Undetermined CoefFicien 1 d

For inhomogeneous ezua?L:'o 7, _g’% ' fhr(f): Yer 5in (WETP)

Solution To par’t":'c:u/ar“ ;’n‘l‘eyr“a,l ’'s ofF %Ae,ﬁofm

L), = C cos (6t+d) + Dsin (wt+)

Since cos(wt+d) andfor sin(wttd) are not contained
in the copplementary fFunction (they are not
solutions +o the homogenecus eguation),

To detevmine coeffFiciemts C and D, substitute.
I(f{:)P into or‘ij?na\ inhor\qoganenus ezuq-Hon:

d\:;c-l,-)e rRT), = ¥ 5in (wt+d)
€

— 0 Coin (WEHD Y+ @ D cos (wtth ) + R Cos@tr8) +R Dsin futst)= Y 510(tor)

Equale coefficiemts of cnrrespovxdina +erms on e tHher
side of the eguation:

Coctficionts of Sin(wé+d):  -—wC + Ep = Ym
Coefficent s of cos(wttd): wb+& C = O

Sclve for coefficients,
D R At SR e, e

_WC’+}_&(;‘%C)= %ﬂ (Ccm'f'.)
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Subject alculations
?/3//20/(9 ECZB (3 To be Drawn

Project No. " Date By Pagej_of, 7
— = Vm- Cdl_
-—wC - —B—C —'31 2 C= 1_ wﬁ; L(ﬂ#
R%+ (W)™ R -r(wa) R%(M.ﬁ

=V Wl Wy R
Then, T(d),- mcw/&)ﬁ@+mmn@/ﬁ+¢)

and general| selution to inhomogenecus egvation is
of +the Form,

T(t) = T(£), + I(¢)p

il .
_‘]_‘[{:) = C, e 2 ﬁ%?_ms(wt+¢)) —ffm - n(ﬂff‘f'ﬁé)

Find solotion o Tnital Value Problem
A ssume thiat wt f?*'-*O, ICO) =0 So Zﬁ‘batj

k& — Vo wl Vm:-R__
o1 W*—"“’“’J gy oI ¢
. CQJLCGSCIJ R.Smcp)

RE(wL)*
The (c,omp!ei'e) general Solution is now,

Y sy
T() = gl larosh-Reind)e "2l o wLcos(wEr))=Rsin(wer)|

Re,arr"amgfﬂ@ and simpli £y fng .
)QZ+CNL)Z'= /Z/'Z
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TTE) - / it cosg ~Rsing)-e L [wrcosutng)-Rsingutrd)] |

(£)e

TE) = Ejm@}fﬁ'qb) ~t/Lcos(wt+q) -'ej (R5INQ wa/Ac‘M@ﬂ

/’rppH ’f?'fyonayh&‘}‘rf ¢ 1dent: -/—C(j

asinx —bcosx = TVa%+b> SIH(X’ If'an a 9 'ﬁa"a!’-

ol & -
Iﬂ')-/ /;_VR-!-(WL) S:n@t'“b 6) ) I/R,-f(wl_) Sm(d) éﬂ
/2 )™ = /Z)

~(£)€
(f)-%z—/ sin(Wt+®-8)—C éio(qb e)j

Finally, "
~(E)¢
o V 4 P —— . ; — \/
T(t)= o [sin (wt+d é) e -5in(9-0)]
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Ag?‘p /,@»7‘7 ‘oﬂ C’F C,‘rwl.frgrmm 0 Note to the File

@-ealculations

9/1//20/0 Ecﬁ 01 To be Drawn
Project No, Date By Page é of_Z

/I/le;f’//)oci{ 4: Solve F—.‘r’S'f"dfaér” eﬁum‘*/on

rby Tmr‘)sfemf JLVIC/ 0-7‘@0{7/-*57‘?Lh Cc)ﬂ’?ﬂof')@*ﬁ’j_&

Use plhasor me,v"lf?oc:( fFor Steady-State
compsnent wit+l AC Source.

V' .
df %—-I{f): —fislm(wﬁ+¢)

TAE
From propey’f‘y o )[neqm‘—)—&,

AL g Bl TLE). = Ot A sin(wt+d)
At

TransienT Solvtion (Natvral p‘QesponSﬂ) y
I R =
ﬁ’{; 2 ot W FrrE) O
SHeady - State Selution (F'or“cec( Re.SpcVzSe) !
Al ;R or¢e) = 950, (ut+e)

A&
Tl =l T T s
e o ~— e
To '}“‘l Transievit Steady - 5'{“-}6
Solution seolution solution

NOT_'E-. TI/'];_S FOFM C?LOES nO"{_ ye__,’f" I'HCOVI)UVO\,'ILQ_ "f'L‘lQ_
speciFic solution o initial valve problem
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Subject 1 Calculations

2/4/ 2010 EC& 01 To be Drawn
/ / By Paga_@ orl

Project No. Date *

For TronsienT (nmf)anomT.'
AL R FrEEO
L tend R 2
At e

&
c.lrmmc:hzr}s‘}‘ic Pofyf)om;a }( g ) [ = .é- =0 =
- (%)t 5|'n9fe.65'nmPle_) rodt
L () = &1 & multiplicity 4

_For Steady-State Corponent !
Since F—orc{n@ Function (AC Source ) (s sinvsoid
t+he phasor method can be used :

oL v BT = \m sin(wttd)

Express ‘n terms of coSine (ﬂc{opta cosine /“efel’eﬂl"—e/.'
Al B ITVELs s (W)

Express wﬁ'ln pl’xascr e.gu?qu lemytS
UL ool e e e
O%I/tf—f::/:_\{@_g}é) Vi, e Mlel st
kA

L

ST e N C u'w/_f:k =L Y
TR AT Yo 2y T o B

' ; _,_,m —LE g 7 30 18 wl.
Redr) @b 7.5 = I:-I_Z’i:___% Z g—:ﬁtn,—e——
Rt Tt Z29

R, {1 I T o
=Ygy a

(Co:fﬁ".)
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Convert back 1o time doemain :

' J o-o-%) jwt
P AT Z’/E/ (4 ej _52

T(t),= Lo cos(werd-6-F )

/2/
or IC{T): J[m7 s (@f'f‘d)“@)
Total 0lvtion js nood
~(£)e
Tiers ( —Wﬂ—sm(wt-fcb 9)

Now must 5o|1/e. fFov Il/"lt_)_l(?vl C,OﬂOll"]_IOV‘lS o
Note that ot =07

T(0%)= C, + T,,(07) = C = ()T (07)

General form of fotal solution js 9iven by,
- (%€

T) = [267)-T (0*)]e 5 Te0),,

- Hhis case (o) =0 - at =07 s0 that,
O =Sy ﬁ%s:‘n(cb-é) :> Cy.iS ﬁ/a/ . sin (¢ 9)

Then, ()¢
Tlt) = "'MQ/LQ‘“M 6)e 'f-/—%fm(wff—q& -&)
oYy (ﬁjﬁ-

_I(ﬁ) _Mtk/b 5,m(a}t+¢ 8) - . Sin(¢P— 63) \/

Downloaded from RelayTraining.com courtesy of Erik C. Baker, P.E., Affiliated Engineers, Inc





