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Number of Initial step of voltage Reflection Maximum receiving
Source lines Applied to the line (p.u.) Coefficient (K1) End voltage (p.u.)

1 0.5 0 1.11

2 0.66 -0.33 1.35

3 0.75 -0.50 1.51

4 0.8 -0.6 1.60
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Calculated using:-

Simplified Method (p.u.) Fourier transform method (p.u.)
Core 1 0.99 1.00
Sheath 1 -0.28 -0.34
Core 2 -0.14 -0.17
Sheath 2 0.01 0
Core 3 0.15 0.17
Sheath 3 0.29 0.34
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Crossbonded point 1 2 3 4
Core 1 (p.u.) 1.38 1.60 1.95 2.00
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= 27Tf (1)
X, =ML (12)
XC =1/MC (13)
Feitoxer = V2TENLO) =60 V(X0 X, ) (14)
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1.1.2 ennsadvuaanzisuaui hitlugudedinlaedranitalagon Tugdalu
o J 1 ] 1
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n. ganruaulumsnlasunsauves HVDC (HVDC converter controls)
A 9 A a 7

U, 52UUNYNNIZTAUIINATOINATI LRSI

f. dran INIUAME HazdI v

4 J 4 a 1
\. ﬂﬁi’)"liﬂVﬂ\i]l‘VWh (LUSNNBT LATNITBITAVDIANUNANT D)

1 a 1 ' ] g { [
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v v v a 4 a 4 {
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99

lasuunlasniuan (time- varying resistance), HHAIRUHALTIAY LAZATLUE

Simulation part Supporting programs

‘ LINE CONSTANTS

+—:—|n:,n~.E:LE CONSTANTS
1
<—:—| SEMLYEN SETUP

time-domain and 1
frequency-domain 4—'—| JMARTI SETUP
solutions

CABLE PARAMETERS |

v

|—| NODA SETUP |-l—

1.

representation of the

electrical network

f §

e c—:—| BECTRAN |

«—:—l XFORMER |

\—:l SATURA |

HYSDAT |

Transient General purpose | INC FITTER |
Analysis of simulation 1
Control Systems language :

—- i | DATA BASE MODULE |
TACS MODELS |

Ad 59 Tasesasueellsunsy ATP/EMTP

N: http://www.emtp.org/about.html
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1.4 shuaiuayuny

1.41 masaduls Iihwessmeduniionu uazameanialagns lgsudaiu
TisunsylasinouagMu(LINE CONSTANTS), iAianouaziny (CABLE CONSTANTS)

HaziAian13iwos (CABLE PARAMETERS)

v Y
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9 A o 9 9 o 1 = 1KY = o

1.4.2 mayjamumﬂumimNmimammﬂmmuagﬂumma(mimammﬂ
1 A
U Semlyen, 3 U136 (J. Marti) tag Tua (Noda)

o 9 o L) [ 9
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BCTRAN)
A o . Y Y a I a .
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9 A A [ 1 . .
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= o A a 4 c; A Jd A 4
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1.5.1 MS-DOS, MS- Windows 3.x/ 95/ 98/ NT/ 2000 "
f. 32-bit, GNU-Mingw32 Ltag Watcom ATP & M3U Windows 95/98/NT
. 32-bit, Salford ATP ¥i1aune1d MS-DOS,
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= J .
1.5.2 ayny (Linux)

. GNU 1935uv09 ATP
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1.6 aANuesovedldsunsy

P Y o w 0w Aq Y Y
ANTINN 6 LLEWNBUi’)ﬁ]”lﬂﬂ@ﬂf]:ﬂﬁ"mi‘]_li‘ﬂﬁuﬂill EEUG NW@?ﬂTUﬂi%iUigﬂﬂqﬂ

Y
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P1319N 6 ANVAINTDUDI 151N ATP/EMTP

Busses 6,000
Branches 10,000
Switches 1,200

Sources 900

Nonlinear elements 2,250
Synchronous machines 90

N http://www.emtp.org/about.html
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1.7.15 7123 Ty
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ATPDraw model

MWA 60 F19619M T FOUND2995 11 T1)511nTU ATP/EMTP

ETRE http://www.emtp.org/about.html

woltage of D C terminal

b AL source current (phase a)

3 10 13 o P B g B

Computed voltage and current waveforms

NMNN_61 Aoe1ausIauLaznseud v 1a5unsy ATP/EMTP
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2. Hieauan/dwunin JUsunsu (PSCAD/ EMTDC Program)

EMTDC (electromagnetic transient and d.c.) ABAI318091IHINTHIADE151NY
g 4 a v ¥ o a J Jd o
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{ % 1 1 4 {
ensodn Tl ludulsaaisznen . Aldamnsoadiclenoudinlsznou wiovesunoz
% o 1 o 3
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@ 1 v 2 o A 1 Y Yq ¥ A
tuINaIsafuNnAeiue tazawsouande g ls PSCAD  auq Taglu
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sUnm 62 azdudaimsmanuiediliisdomsoFuteusngy PSCAD / EMTDC 99 laj
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FILEMANAGER

User
Interactionf

Workstation

Runtime
atch file

RUNTIME

files

FORTRAN
compiler

EMTDC
executable

1

‘ l.'NIPI('I'["H MIIL'I'II”I.{JTH MATLAB |

| |

Laser printer

A 62 Tassasamsriiaueedllsiuniy PSCAD/EMTDC

A171: Watson et al (2003)
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o a cy 09/’ { o a I 0’/’
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& Programmer's File Editor
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0.60 +

Energy of arrester (J)

0.40
0.20

0.00

i 126 wasnulwnsesaethoinmsilaaiad BZ14-1H wla Y fiyw 192.6°

] S 9
AUIUSNINBS NAB laamnie A 11sitnsy PSCAD

SEP TR B.psc

o) u] A ° u A
200- R Y B SWR SWY B
1.50 1

1.00

0.50 1

0.00 4

V(pu)

-0.50 1

-1.00 1

-1.50 1

-2.00-

S o180 0200 0.220 0.240 0.260 0.280 0300 0.320 0.340 0.360
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SEP TR B.psc
OR oy AB
18.0 1

16.0 -M

14.01
1204
10.0 1

6.0
4.04
204

0.0 =
0.00 0.20 0.40 0.60 0.80 1.00 1.20

i 128 wasnulunsesaeihoninmstlaaiag Bzi4-1H wla B iy 199.8°

] S 9
AU NINBS NAD laamnie A 11sinsy PSCAD

SEP TR Rpsc
OR oy AB ® SWR mSWY ASWB

1.50 q

V(pu)

_1 50 d
S o180 0.200 0220 0.240 0.260 0280 0300

AR 129 usaunnmstlaaing BZ14-1H e R fiyw 180 ° fwnsnnes iae
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SEP TR Rpsc

OR oy AB
16.0 1 -

“ M
12.01
10.0 _M

8.0

6.0

Energy of arrester (J)

4.0

2.0

0.0

i 130 wasnulwnsesasthoinmsilaaiad BZ14-1H wla R Ay 180°

] S 9
AU NINBS NAD laamnie A 11Usinsy PSCAD

a o

1 A a =S a a J
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ATP Settings

delta T: |0.0001
Tmax |1
wopt: [0
Copt: |0

Simulation type—
% Time domain

i Frequency scan
" Harmoric (HFS)

™ Power Frequency

142

3

Simulation | Output I Switchx’UMl Format I Hecordl Valiablesl

Help |

' Y v
A 132 msamaaimsiiasnsdise lnaannudunmulindonaunumedunaegi

dreTasunsy ATP

ATP Settings

Simulationl Clutput I Switcha’UMI Format  Fecord IVariabIesl

Model: ' ariable:

Check_%1 Fesl

Check_v2 Resd

Check W3 Res3

RES Count

¥ add | 4 Bemove | Aias-]

Record:

Check_W 1.tripd AS tripd, s
Check_% 2.tripB A5 tripB =1
Check_W 3.tipC AS tripC

RES.Resl A5 Resl —
RES. FRes? AS Res? W

&

oK Help |

9 1

AWA_133 MITunndeyaninisiaosnisias Inaannudumuldvioudauny

U

a a

N unAegll drellsunsy ATP

a



ATP Settings

Simulationl Output I Switch.f’UMl Farrmnat I Record

— $PARAMETER settings

|NAME WALLE

Mumber of zsimulations: |1EIEIEI

4| ¥ Qeleteil

[ [

| hee |

~ 3 ' o = Y o SN
NINN 134 msaeamdumsdasunasanudumulumsdiaesnsalne Ivaa

Y Y A Y
ﬂ’JTlIG]111!1/]11!11414llE]LLiJa\‘]L‘WiJV]NQWH‘V]

a a 9

AYNU

U

287115151 ATP

X]

MODEL: RES
Adtributes |
DATA, VALUE | [nooe PHASE  |NAME
Iril 1 Fesl 1
Fes? 1 w0222
Fesd 1 w0224
Group Ma: IU Label I
Camment: I
Models [~ Hide
Model flle:  [CAEELGOTATPDiawiMody  Browse.. | Useds:  [RES I~ Lock
| | x| e |[E

v Y '
ANA_135 MIFIAUTUAUILUT1aeInNud umMunsaiae Inaaanudiumuld

vloutlaununaunaenil aeldsunsy ATP

Y
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% Help Viewer

File Edit Character Help

MODEL RES
DATA Inl
OUTEPUT Resl

Res2
Re=3
VAR Resl
Re=2
Res3
Count
Reset
DELAY CELLS DFLT: 10
INIT
Reset: =0
deposit(voltbc[9], atp(woltbc[2])+1) —— woltbe[9)] is counter
ENDINIT
EXEC
IF t=0 THEHW
Count = atpi{wvoltbc[9]) — 1
ENDIF
IF Reset=0 THEHN
DO
1
Inl + Count
Re=1

Re=e=t:
Resl
Res2
Res3
writel('=========================================")
writel( 'Humber of Sim :' ., Count+l)
Writgl('===============c============"')
writel{ 'EESISTANCE Phase R (OHM) ', Resl )
writel( 'RESISTANCE Phase ¥ (OHM) ', Res2 )
writel({ 'EESISTANCE Phase B (OHM) ', Res3 )
writel('s==s=s=======================")

ENDDO

ENDIF

ENDEXEC

ENDMODEL

A = = Y Y a a
DINN 136 ﬂﬁlfllEJHI‘]J?LLﬂiiJﬂ’J‘]JﬂiJﬂ'IiL‘]JﬁEJ“L!!L‘]JﬁQﬂ’J'IlIGHL!‘1/]1141/]13@11!‘1/!@]8{]%

mamnm‘hammm&’mmu

a a

M350 15 wamsasulasua Tnaaanudumunisaiunaenin ludawaling

q U

o3 1515 Taruuuss daua 1 — 1000 Toviu drel1sunsy ATP

Traaanudumunaunaeni 7 lidwaliing
Lwﬁ o 4 QBJ} 1 o
tWlo3 V313 Tt us date 1 - 1000 Toy

Y
S 1-317, 366-448, 450
(4u192.6 )
B
) 11000
(4u199.8 )
R
1-1000

(41180 °)




NUMHER OF SIM : 317.

RESISTANCE PHASE R {DHH) :@ 317.
RESISTANCE PHASE Y {(DHH) :@ 317.
RESISTANCE PHASE B {(DHH) :@ 317.

HUMBER OF SIM : 318.

RESISTANCE PHASE R {DHH) : 318.
RESISTANCE PHASE Y {(DHH) : 318.
RESISTANCE PHASE B {(DHH) : 318.

FOUND OVERUDLTAGE PHASE R > UREF: 1.53288282
TIME : .3349
FOUND OVERUDLTAGE PHASE B > UREF: 1.51438493
TIME : .3555
HUMBER OF SIHM : 319.
RESISTAMCE PHASE R (OHM) : 319.
RESISTANCE PHASE ¥ (OHM) : 319.
RESISTANCE PHASE B (OHM) : 319.
FOUND OVERUDLTAGE PHASE R > UREF: 1.55414666
TIME : .2935
FOUND OVERUDLTAGE PHASE B > UREF: 1.56108625
TIME : .2956

£3 ]

~

>

| EEIEE

=R [Rec Off [No'whap [DOS N5 [

A o =y v a A 2 o
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0.5

0.0 . \

|
I )W J

B

A A

-1.5

. 0.24 0.28
(file CONNECT_LOAD_Y.317.pl4; x-var t) t RO t YO t BA

il 138 ussRunmstaaiad BZ14-1H e Y fiyw 192.6° 1ol Inaannudiumu

s unaogi 317 Teviu lidawaliinames 155 Tsuund dreTsunsy ATP

0.32

0.36 [s] 0.0
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3.0

M1
25 /
20 / /
15 )j/
1'0 / /
05 /D/
0.0 A, i & e

0.8 [s] 1.0

0.0 0.2 0.4 0.6
(file CONNECT_LOAD_Y.317.p4; x-vart) c:  -X0001AQ ¢:  -x0001B9 c:  -X0001CA

i 139 wasnulwnsesaethoinmstlaaiag Bzi4-1H wla Y fiyw 192.6 ° 1iiofi Tvan

a

a 4 (IR a o 4
anudumunsunaeni 317 Toviu ludwma ldinames 1515 Teuuusy

QU

dr8Tasunsy ATP

2.0
V(pu)

15 \ \ \

——
ol
7
—
7l
7
/;

=
>
=
—

e
———
e

e

————

~——
—_—
—

S

-2.0
0.20 0.25

0.30 0.35 0.40 0.45 [s] 0.50
(file CONNECT_LOAD_Y.318.pl4; x-var t) t: RO t YO t BA

AMNA 140 usadunnmstlaaind Bz14-1H e Y fiyw 192.6° el Tvaannudiuniu

a

nsunaenil 318 Teviu dawaliinames 1513 Tsuuud dreTalsunsy ATP
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5000

" A

4000 f
=
3000 J:FFFF

. e

1000 jpcPU:Fﬂ#F
=
0 ! ﬂ"gf o

0.0 0.2 0.4 0.6 0.8 [s] 1.0
(file CONNECT_LOAD_Y.318.pl4; x-var t) c:  -X0001AQ ¢:  -X0001BH c:  -X0001CA

[m]

i 141 wasnulwnsesasthoinmstlaaiad Bzi4-1H wla Y fiyw 192.6 ° iiiefi Tvan

a

9 9 a J 1 Y Aa o 4 9
ANUAMUMUNNAUNABY 318 Tovy damalviinames 153 Tsuuus @

QU

Talsupsy ATP

—
——

il
M%

i
A
WU A

—

15
0.15 0.20 0.25

0.30 0.35 0.40 045 [s] 0.50
(file CONNECT_LOAD_B.318.pl4; x-var t) t: RO t YO t BA

AR 142 usadunnmstlaaing BZ14-1H e B iy 199.8 ° riiefi Tnaaanudiuniu
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/

/A/

_

P

0

N

—0

O

A

0.0 0.2 0.4 0.6 0.8
(file CONNECT_LOAD_B.318.pl4; x-var t) ¢ -X0001AQ ¢ -X0001BH ¢:  -X0001CA

[s]

1.2

148

i 143 wasnulwnsesaethoinmstlaaiag BZ14-1H wla B iy 199.8 ° 1ileii Tviaa

ANUATUMUN A IUNABDT 318

Talsupsy ATP

a

QU

Toviu lidamaldtnames 155 Tauuus dae

05

I\

il

1)

1)

0.0

Al

I\
A

I\
Al

1

ﬂ

il
\

il
I

1)
\

/\

1)
\

/\

-05

)

I

I

\
i

\

\

!

\

It

It

It

i

M

A

i

WA

i

W

¥ ¥

15

0.15
(file CONNECT_LOAD_R.318.pl4,

AMNA 144 usadunmstlaaing Bz14-1H e R iy 180 ° 1iledi Tnaaanudumu

nedunae

U

a

U318

9 0.23
s xvar t) t RO tYD tBA

0.27

[s]

Toviu'ludawalinamos 155 Tauuus dre115unsy ATP

0.35
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[J]

4 /Jn/
e

1 7
s

0

0.0 0.2 0.4 0.6 0.8 1.0 [s] 1.2
(file CONNECT_LOAD_R.318.pl4; x-var t) ¢:  -X0001AQ ¢ -X0001BH c:  -X0001CA

i 145 wasnulwnsesasihoinmstlaaiag BZ14-1H wla R fiyw 180 ° iifediTvan

a

a 4 (IR a o 4
anudumunaunaegi 318 Toviu ludwwaldnanles 1513 Touuud Ao

QU

Talsupsy ATP

©_ ©
=0 ©©

Coble?  Colled  CableS  Cobleb .
BZ272H
s Cliaer g CanEl! =l 1 ! i~
—> A |
BrR22H=Z
ISR (58 e 2 Cape! P — n |
B722CB B T
Z222H z
C Soaks 2§ caeds ’H[' nes 1| uig
c Tline Tline Hl @ )
g

BZ141H
. ClEaier g Cabied! = Fﬁ
- R
BIFIH 7142HY
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)|11»~_-
- )o@ G Coapty
[ _ eazEnab
7 -l
R i Ch.4] (2( o 1]
S >|1l»£ ,’3 RES Fezistance
. Tripy Ch.2 ,Q/
ki — _ ;i LOAD
]
Ch.3] Multiple Resitance
Fun
R |
rip g
- gl 1 T~ 1000
B MaM

%

il 147 gaarugumslasuanudumunediunasgd, Tuiindoya tazasivdou

usadunumes 155 Tasuuusate 11/sunsy PSCAD

Project Settings - connect_load_Y

General Funtime | Networkl Dynamicsl Mappingl Fortranl Link. I

Time Setting

Druration of run [gec) I‘I 2
Solution time step [uS) |5
Channel plat step [uS] ISD

Startup method: Input file:

IStandard j | Browse... |
Save channels to disk? Olutput file:

I Mo j Iconnect_load_Y.out

Timed snapshot(s]: Shapshot file: Time

INone LI Inoname.snp ID.3
Multiple rum: Olutput file: # ng

I Maone j |mrun I1 o

V¥ Remove time offzet when starting from snapshot,
I~ Send only the output channels that are in Lse.
™ Start simulation manually to allow use of integrated debugger.

ak I Cancel | Help |

i o o ~ ¥ Y A P a a
NINN 148 mimmmimamﬂimﬁaiﬂaﬂﬂ’mmmmuch/iwumtﬂmmummmn%EJfJ“iJ

#187151n51 PSCAD
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[mrun] Multiple Run Component |z‘

Murmber of Sighals to Contral for This Multiple Run: |1 'l

W1 Wariation Type W 10 Type |Rea| vl
vvariaion Tye  [Seqienial <] 0 Type [rea— <
W3 variation Type W 10 Type |Rea| vl
vevariaion Type  [Seqiemial <] L9 T [Rea -]
v variation Tyme  [Seqieia ] i Type [Rea =]
VB Wariation Type IW, 110 Type Im

Label for Vaniable 1 [Resistance

This Muliple Run Enabled or Disabled?  LoBeIforvaniable 2 [iares
{ - Diestieg Label for variable 3 [Tores
B Lahel far Variahle 4 W
Label for Yariable 5 IW
Label far Variable 6 W

# of 5td Dev's for defining min,max using the Mormal Dist. {1-10): I 2.0

[ 9
AA 149 msaeminudnlsmisiasensdiae Tvaaanudumunsauaegi

Tindeuaauny dreT1/5un54 PSCAD

[mrun] Multiple Run Component |Z

iable 1 Config

Mumber af Runs for Yariable 1 lm—
Start of Range for Variable 1 |17
Increment for Each Run |1—
End of Range for Yariabla 1 lr

K E
|2 |7
E E
[4 E
|5 |1I]

v Y 1 Y
AWA_150 MIFIMSIusIazmMImuaNnudumuluuaazasinsdiae Tvaa

a a 9

anumumuIdudeuasuiuniedunaegil dreTdsunsu PSCAD

G



[mrun] Multiple Run Component

Mumber of Channels to Recard for Each Run

Base Output File Mame

& Mo
 Yes

Do you want to Identify the Optimal Run?

I rarunout.out

 Min
& Max

— Criteria for Identification of Optimal Run?

Select Channel for Basis of Optimal Run

1 vI

Mumber of Divisions for Prob. Density Output Plots:

Cancel |

Help |

X
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H 09/’ " o o (% o o 1
ANA_151 MIFINTIIUMTTUNNLAZHAdNT UM TI1a0enIdias Traannudumiuld

a a 9

wiloulaununaunaeni aeTdsunsu PSCAD

U

[mrun] Multiple Run Component

—Ch. 110 Type Ch. 2 11O Type - Ch. 3 110 Type
" Boolean " Boolean " Boolean
i Integer i Integer i Integer
« Real i« Real i« Real

~Ch. 4 /0 Type ~Ch. 5 110 Type ~Ch. B 10 Type
" Boaolean " Boaolean ¢ Boaolean
" Integer " Integer " Integer
& Real & Real ' Real

Auto Processing of Ch.
Auto Processing of Ch.

Auto Processing of Ch.

Auto Pracessing of Ch

Auto Processing of Ch.

Auto Processing of Ch.

17 [iaimam (1) <]
21 [iaimarn( D) <]
37 [waimam (K1) <]
52 [wamamc <D <]
7 [saimam () <]

Cancel |

Labkel for Qutput 1: lTr|pR—
Label far Output 2; |Tr|p‘(—
Lakel for Output 3: ITan—
Label for Output 4: W
Label for Output 5: W
Lahel for Qutput 6 I Out# 6

Help

~ asxl " 9 = = 9 Yy 9 A
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[compare] Single Input Level Comparator |Z|
| configuration |
Threshold Input Yalue |15—
Lowy output level lg—
High output level |1—
Fortran Comrment lm

Ok | Cancel Help |

[ 9 [
MNA_153 MIAIAYEANIATIVADUUTIAUNUNNINAINT AU TUTEVY 1.5 punsdiso Iran

a a 9

anudumuliuileutaunumedunaegil arelisunsu PSCAD

QU

a

d‘ o d' U 9 9 Qd‘ (R 9y a
ATNN_16 wamsmaa«ﬂaﬂuﬂﬂwaﬂmm@mmu‘mmmmanw”lumwaimm

q u

os 1515 T daua 1 — 1000 Toviu a1eT1/51n51 PSCAD

v
A A

Traaanudumunuaunaenil 7 lidwaliing
Lwa‘ o 4 3 v L4
o3 T51s Tauuusy daue 11000 Tovy

Y
) 1-265
(4u192.6 )
B
. 1-627
(J1199.8 °)
R
1 -1000
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[ mrunout.out - Notepad

154

File Edit Format Yiew Help

Multiple Run Output File
Run # Resistance
257 257.0000000
258 258.0000000
259 259.0000000
260 260.0000000
261 261.0000000
262 262.0000000
263 263.0000000
264 264.0000000
265 265.0000000
266 266.0000000
267 267.0000000
268 268.0000000
269 269.0000000
270 270.0000000

<

TripR
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
1.000000000
1.000000000
1.000000000
1.000000000
1.000000000

TripY
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000
000000000
000000000
000000000
000000000
000000000

TripB
000000000
000000000
000000000
.000000000
.000000000
.000000000
000000000
000000000
000000000
1.000000000
1.000000000
1.000000000
1.000000000
1.000000000

| 2

b

A v K 9 v oA A o 4 =
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a

a J A o 4 A =
a93a% BZ14-1H wla Y Ay 192.6° ionldeunasnnudumuniesiunaogil

#187151n51 PSCAD

o
1.50 4 R

1.00 4

0.50 1

V(pu)

-0.50 1

-1.00 1

-1.50-

0.00 ¢-Eremi

oy AB

connect load Y.psc
® SWR

ASWB

;r\k i
Resistance
- \ ’ r\
1 1000
265
htt

'

S 0.200 0250

0.300

0.400

AR 155 usIRUINMsTaaIad BZ14-1H il Y iy 192.6° 1iled Tnaannudumu

a

naaunAeni 265 Teriy lidaraldinamles 1515 Tsunudaie Talsunsu PSCAD
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connect load Y.osc
OR oy AB

LOAD
Resistance

Energy of arrester (J)
o
g

a Y] A 1 a a 4 A o A A
i 156 wasaulwnsesasihoinmstaaiag BZi4-1H wla Y iyw 192.6 ° 1iieli Tnan
a a J (BRI a o 4
anudumunesdunasgil 265 Tovin ludawaldinamlos 1sis Tanuus dae
Tisunsu PSCAD
connect load Y.psc
200 R oy AB ® SWR mSWY ASWB
il { i
Resistance
2 A
S/ 1 \ 1000
266
-2.00-
S 0.200 0.250 0.300 0.350 0.400

il 157 usIauINMstaaiad BZ14-1H i Y iyw 192.6° 1iled Inaannudumu

a

naaunAeni 266 Teriy dewaldinamos 1515 Tanuus d1oT1sunsu PSCAD
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Energy of arrester (J)

156

connect load Y.psc

oR oy AB
6.0kq -

5.0k
4.0kq
3.0k
2.0k

1.0kq

A 158 wasnulunTesaethainmstlaaiag Bz14-1H wla Y fiyw 192.6 ° iiiefi Tvaa

= TripR

= THpY

= T3

= SVR

= SVY

= SNVB

a =)

Y Y 4 1 Y a o s Y
ANUATUMUNNAUNABAL 266 Toy dawaliinamos 1513 Tauuud ade

U

Talsunsu PSCAD

TRP. When Over \dtace nore then 1.5 and Satus SAITCH

000 020 040 00 080 1.00 1.20

A a v A { 1 = a J
AR 159 491UeMsNIUUTIaUAUNNINNI 1.5 p-u. tazaueMsdaainy BZ14-1H

a a

A~ v v o A 22 P
ol THaanNUAUMUNIAIUNABNL 266 Toy tazinamos 1513 Tauuucs

U
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[ mrunout.out - Notepad

File Edit Format ‘iew Help

Multiple Run Qutput File ~

Run # Resistance TripR Trip¥ TripB

623 623.0000000 .000000000 000000000 .000000000

624 624.0000000 .000000000 000000000 000000000

625 625.0000000 .000000000 .000000000 .000000000

626 626.0000000 .000000000 .000000000 .000000000

627 627.0000000 .000000000 .000000000 .000000000

628 628.0000000  1.000000000 .000000000 .000000000

629 629.0000000  1.000000000 .000000000 .000000000

630 630.0000000  1.000000000 .000000000 .000000000 =

631 631.0000000  1.000000000 .000000000 .000000000

632 632.0000000  1.000000000 .000000000 .000000000

633 633.0000000  1.000000000 .000000000 .000000000

634 634.0000000  1.000000000 .000000000 .000000000

635 635.0000000  1.000000000 .000000000 .000000000

636 636.0000000  1.000000000 .000000000 .000000000 |+
< 1 | >

A o KR Y v a A Iz o PN
DNN 160 wammummmyamim’Ji]aaummumummmmﬂaiTﬁxﬂmmummmiﬂﬂ

a o ~ o A A 9 9 a a
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#187151n51 PSCAD

connect load B.osc

150-° R oy AB ® SWR mSWY ASWB

1.00 L & L A A Al

ﬂﬁ

Resistance

0.50 1

0.00 L“\

Cd
»

KRR T

V(pu)

1000
-0.50

-1.50-

S 0200 0.250 0.300 0.350 0400 0450

il 161 ussaunmMslaaind BZ14-1H e B iyw 199.8 ° 1iledi Tnaannudumu

ndunaegil 627Tevy lidawaliinames Tsis Tsuund reTilsunsu PSCAD



Energy of arrester (J)

18.0 1
16.0 1
14.0 1
12.01
10.0 1
8.0
6.0
4.0
204

connect load B.osc

OR oy AB

1

158

e

LOA...
Resistance
. "
1000

627
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2082765

FOUND OUVERUOLTAGE PHASE B > VUREF:

FOUND OUVERUOLTAGE PHASE R > UREF: 1.54183984

SWITCHING TIHE AT : .288332

FOUMD OUVERVOLTAGE PHASE B > VREF: 1.64374798

FOUND OUVERUOLTAGE PHASE R > VREF:

1.66036648

1.53049548
b/

TIME = .
£
[Ln233Col 32 ["1388

>
[ [wrR [Rec Df [Nowirap [DOS [INS [

178

[ 9 ] ]
il 198 wamstuiindoyayuilaaiad daudyn 1-360 ° WOATINAOVUTIAUNUITLBININ

wos 1515 Tauuus dre1sunsy ATP
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[ 9
M99 18 wamisaesyuilaaing BZ14-1H uay 830 BZ14-2H Aaussm 1-360 °

A o a 2 s Y
L‘W’E)ﬁi?ﬁ]ﬁﬂ‘ﬂlﬁx‘lﬂulﬂuml’ﬂﬁjﬁLSI“BLLHW‘H ﬂ’)ﬂiﬂﬁllﬂiu ATP

yuilaadad 1 himamlos T5is Tauuuds (ase)

sl

aa% BZ14-1H a70% BZ14-2H
30,31,34-142,145,146,205.210.211, 17.19-22,24,61-114,136,149,156.157,
Y
214-323,325,326 159,160,162,199-202,241-294,334-337
R}V 228 U 127 3y
15
V(pu)
1.0 4 A - _

2] T T SIS T

ANGLE AT : 29.
SWITCHING TIME AT : .2882765

O-E [\ FOUND OUERUOLTAGE PHASE B > UREF: 1.66036648
TIME : .2715
FOUND OUERUOLTAGE PHASE R > UREF: 1.54103904
TIME : .2718 [
ANGLE AT : 30.

0.0 SWITCHING TIME AT : .208332

/ ANGLE AT : 31.
SWITCHING TIME AT : .2083875 |
J ANGLE AT : 32.

\ (] File Edt Options Templste Execute Macro Window Help - & X

SWITCHING TIME AT : 208443

FOUND OUERVOLTAGE PHASE B > UREF: 1.64374798

TIME : .3119
FOUND DVERUOLTAGE PHASE R > UREF: 1.53049548
1.0 TIME : .3132 v
-1. '  § ¥ ¥ ¥ < >
Ln 233 Col 32 1958 WR Rec Off No'wrap DOS INS
15 ; ;
0.20 0.35 0.40 0.45 s] 0.50

. 0.25 0.30 .
(file VARY_BZ14-1H_Y.031.pl4; x-var t) t RO t YO t BA m:swyX

ANA 199 usarunnmstlaaind Bz14-1H mla v fiayw 31 ° lidawaliinamles 1

15 Tpuuuss aae 115Ny ATP



180

2.0
V(pu) A
1.5 L\ \\ \ B Programmer’s File
1.04 1 N TIVE : .2718
I ANGLE AT : 80.
SWITCHING TIME AT : .208332
N -
0.5 I
ANGLE AT : 31.
'\ l f \ / \ f SHITCHING TIME AT : .2083875
0.0 ANGLE AT : 82.
/ SWITCHING TIME AT : .208443
FOUND OUERUOLTAGE PHASE B > UREF: 1.64374798
TIHE : .3119
05 FOUND OUERUOLTAGE PHASE R > UREF: 1.53849548
|4 TIME : .3132
ANGLE AT : 33.
SWITCHING TINE AT : .2084985
1.0 | ¥ 4| O 'S T ' T
FOUND OUERUOLTAGE PHASE R > UREF: 1.63224293
TIHE : .812
< >
} ) Ln243C0l 32 1963 WR Rec Dif NoWiap DDS INS )
"o S A A G A A A S
-2.0

0.20 0.25 0.30 0.35 0.40 0.45 [s] 0.50
(file VARY_BZ14-1H_Y.032.pl4; x-var t) t: RO t YO t BA m:SwYX

AR 200 tsaRuIAMItlaaind BZ14-1H e Y fiyw 32° lidawaldinames 1s

15 Tsuuus aelsunsy ATP

1_:
V(pu)
B Programmer's File Editor - [MODELS.1] [ls\3
1.0 4 n 4 ] Fle €dk Options Template Execute Macro Window Help - &
®
n Dl T T IR™CE
.......................... ~
FOUND OUERUOLTAGE PHASE R > UREF: 1.66322793
05 faY TIME : .252
FOUND OUERUOLTAGE PHASE B > UREF: 1.59442556
TIME : .2719
ANGLE AT : 17.
\ SWITCHING TIME AT : 2876185
0.0 A\ ValiFaN

. \{ - —_—
ANGLE AT : 18.
/ ¢ SWITCHING TIME AT : .207666
\4 FOUHD OVERVOLTAGE PHASE R > UREF: 1.62368285%
TIME : .4134
0.5 FOUND OUERVOLTAGE PHASE B > UREF: 1.65386059
: TIME : .4321
ANGLE AT : 19.
SWITCHING TIME AT : .2077215
.......... smseeasseesses .
-1.0 Y 0 >

<
IlLM?SCdZ 2364 ) Rec Off No'wiap DOS IN:

15

. 2 0.25 0.30 0.35 0.40 0.45 [s] 0.50
(file VARY_BZ14-2H_Y.017.p4; x-var t) t RO t YO t BA m:SWYX

AMnA 201 usaRuAmstlaaind Bz14-20 e v fiyw 17° ludawaliinames 1s

15 Tsuuus aae 115Ny ATP
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2.0
V(pu)
15

W \ B Programmer's File Editar - [MODELS. 1] 913

[ Fle Edt Options Template Execute Macro Window Help - &

FOUND DUERUOLTAGE PHASE B > UREF: 1.59L42556 A
TIME : .2719

10 M ﬂ | ﬂ [\ I\ 02 N S [

ANGLE AT : 17.

SWITCHING TIHE AT : 2876185
[NGLE AT : 18.
l I SWITCHING TIME AT : 287666

0.5

| NN
UM e
) |

FOUND OVERUOLTAGE PHASE R > UREF: 1.62368285

& TIME : .4134

FOUMD OVERUOLTAGE PHASE B > UREF: 1.65386059
TIME : .4321
ANGLE AT : 19.
SWITCHING TIME AT : 2877215
1.0 Y — _—
| ANGLE AT : 20.

SWITCHING TIME AT : 207777 -

mmmemmesmmssmas e s
1.5 } Ln134Cel2 2364 WwR Rec Off NoWiap DS IN )

[ FrT T T T T 11T

-2.0

0.15 0.26 0.37
(file VARY_BZ14-2H_Y.018.pl4; x-var t) t: RO t YO t BA m:swyX

0.48 0.59 [s] 070

~ [ o\ a 4 ~ o ! Y a o o
MU 202 ussauNnMIdaaiag BZ14-2H wa Y nyw 18 ° aawaliinamos 15is Tyuuud

dreTasunsy ATP

©_ _©
©~0 OO

Cable? Cable3 Cables Cablefi

o
A CrmE ¢ caEl! Bzzz1 4 4 azmmﬁ
= A 22HZE
I—&HRg (3B el o QO Sy S ._,—_7 N ™

BZ22CB B
7222H
C Clemes 3 & Cablal il TLine il Lﬁi
c

4BZ221H

Tine  Tiine 2o o
| |
BZ1 41 H
e Sl Cableal! e i
— R
EIZ'-‘FMH‘ﬁ
4 B ClEaes CahleE! -
BZ14CE aerauHP.9 %ZMZHE
C Claes ¢ & Cablepll —t
L
[ L
(&)
>
)_ I ===

A o =Y a o o a o
MR 203 Msaeensannsa Temamnamos 1515 luuuus vosadIay BZ14-1H tag

a3n¥ BZ14-2H dauasm 1-360 ° a2811/51A54 PSCAD
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-2
fipk
; _JI_ i @ _
] Ch.i +
— EIl£ 18000 | “gegres
. — Trip¥_Ch.2 ( v AF
W Jrmm— _ - (2066 5 66 Indicator S itcing
Q I
Ch.3) Multiple time [ 5 degres
J_I—= — . L RUN | ot = 0206722222 . o
B 7| TrpB stop = D226866667 | 45 'y c”f_: Ty
- 51— 0.208 T 0.226|0 380
0208611 et}

§ { o a 7 > 1 o a 4 a 4

M 204 gaaruaumsasuyutlaaiay Aauayn 1-360 ° ¥eIaInG BZ14-1H uazaing
v KR 9 v oAa o d 9

BZ14-2H , YUNNUBYA uazmnﬁaummummﬂaiTigﬂmmuﬂf @YJEJTIJ?!LT‘I?SJ

PSCAD

[mrun] Multiple Run Component |z

Mumber of Runs far Variahle 1 lwf
Start of Range for Variahle 1 IW
Increment for Each Run [ceeseeEns
End of Range for Variable 1 lm

K [

|2 [7

E E

[ [

B [0

{ 09.:’ ' o 1 A a a a 4
ﬂTWﬁ 205 ﬂ1§§]\‘lﬂ'li]11!’314%7]\‘1l?]€ﬂl!ﬁ$ﬂ1§L‘W3JL’JﬁﬂHﬂ1§“]J@ﬁ')@]"]f BZ14-1H uasdainy
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[ 9
3197 19 Hamisiaesyullaaing BZ14-1H uag @30 BZ14-2H Aaussm 1-360 °

A o a 2 s Y
m’ama%ﬁammﬂummwaﬂsLﬂcmuu% ﬂ’JfJT‘]JﬁLLﬂﬁJ PSCAD

yuilaadad i hifamlos 155 Tyuuud (a3e)

wla

a30% BZ14-1H a70% BZ14-2H
Y 35-143,215-323 7-11,13-174,186-191,193-348 350-354
391 218 3 334

I mrunout.out.vary_BZ14-1H_Y.txt - Notepad

R
1.000000000
1.000000000
1.000000000
1.000000000
1.000000000
1.000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000

File Edit Format Wiew Help
Multiple Run Output File
Run #
29 2082777788
30 2083333344
K| 2083888900
32 2084444456
33 2085000012
34 2085555568
35 2086111124
36 2086666680
37 2087222236
38 2087777792
39 2088333348
40 2088888904
M 2089444460
42 .2090000016

L

Y
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000

000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000

1.000000000
1.000000000
1.000000000
1.000000000
1.000000000
1.000000000
000000000
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000
.000000000

l

W

il 206 wamstiuiindeyamstlaaiag BZ14-1H wla Y duueiy 1-360 ° as19dou

v a 4 o s
usagunuiioannmes 1515 Touuus ade1a51n3y PSCAD



OR

2.004
1.50 1
1.004
0.50 1
0.00 4

V(pu)

-0.50 1
-1.001
-1.501

-2.00-

vary BZ14-1H Y.psc
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oy AB ® SWR mSWY ASWB
m me\ m \b\% L mh 'ﬂ\h r:n
Indicator Switcina
A==
A ¥ Q;“\ K;”\

LY

0.208556 34

S 0180

0200 0220

0240 0260 0280 0300 0320

0340 0360 0380 0400

d' 1Y a a 4 d‘ o ! Y a o 4
MWN 207 u33auINMsaadny BZ14-1H tla Y iyw 34 ° dawaldiinaos Tsis Tauuuy

#187151n51 PSCAD

1254 °
1.004
0.75 1
0.50
0.25 1
0.00 4
-0.254
-0.50 1
-0.754
-1.00-

V(pu)

AB

vary BZ14-1H Y.psc
® SWR

mSWY ASWB

AT

Indicator Switcina
time (S) degree
NI

0206 0226 0 360

0.208611 35

Vo

S 0180

0200 0220

0240 0260 0280 0300 0320

0340 0360 0380 0400

il 208 ussaunmslaaind BZi4-1H e Y fyw 35 ° hidawaliinamlos 1s

15 Tasuuus ae115uns PSCAD
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I mrunout.out.vary_BZ14-2H_Y.txt - Notepad

File Edit Format Wiew Help

Multiple Run Output File ~

Run # R Y B

188 2171111192 000000000 000000000 000000000

189 2171666748 000000000 000000000 000000000

190 2172222304 000000000 000000000 000000000

191 2172777860 000000000 000000000 000000000

192 2173333416 1.000000000 000000000  1.000000000

193 2173888972 000000000 000000000 000000000

194 2174444528 000000000 000000000 000000000

195 2175000084 000000000 000000000 000000000 —

196 2175555640 000000000 000000000 000000000

197 2176111196 000000000 000000000 000000000

198 2176666752 000000000 000000000 000000000

199 2177222308 000000000 000000000 000000000

200 2177777864 000000000 000000000 000000000

201 2178333420 000000000 000000000 000000000

202 2178888976 000000000 000000000 000000000

203 2179444532 000000000 000000000 000000000 w
£ | >

v 9
i 209 wamstiuiindeyamstlaaing Bz14-2H wla Y duusiy 1-360 ° as1vdew

v a 4 o s
usagunuiioannmes 1515 Touuusy aae1as1n3y PSCAD

vary BZ14-2H'Y

OR oy AB ® SW R BSWY A B
2.001 -

o L _ARRAANNL
g Ll IR o
> MW
" VLT

2,00
S 0180 ' 020 = 0260 = 0300 0340 = 038 = 0420 = 0460 = 0500 = 0540 |

V(pu)

A @ 2 a J = o ! Y a J 4
MUN 210 t599UNNMIaaIag BZ14-2H wla Y nyn 192 ° dawalitnamos Tais Tamines

#187151n51 PSCAD
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vary BZ14-2H Y
oR oy AB e SWR mSWY A

‘UJ

2.00 1
1.50 4

1.00 7= iy i
Indicator Switcina

0.50 1 time (S) degree

0.00 4

V(pu)

-0.50 1

e} [ e ) P50

-1.00- 0217389 193

-1.50 1

200
S 0180 0200 0220 0240 0260 0280 0300 0320 0340 0360 0380 0400

il 211 usedunnmstlaaing Bzi4-20 wla v Ay 193 ° hidwwaldinamles 1s

15 Tasuuus ae115un53 PSCAD
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Y uazadag BZ14-2H tla Y dauayw 1-360 ° adeldsunsy ATP uagl1/sunsn PSCAD
[ d‘ o a a o a a 4 a % a o
NUIUUEMINMIUAaInT BZ14-2H unumstladliay BZ14-1H nailarmssaunumos 15
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Towuuus dromiouiu 39 luianummnzannzlémstlaadad BZ14-2H unuaiay BZ14-
A = a d v 1 Y] Y a o a 4 4 a)

1H osnnmitaaiasainandidana liinailyvs sdwunumes 15 Tsuuuy uaznistla

a 4 a 4 [l o a\ a 0 ¥
a30% BZ14-1H tazaia® BZ14-2H hisunsaimuayylumsilaaiagla

a [l I a 4
3.3.2 miludeudasuimslulasumsnszduiiazilaninaiag BZ14-1H Tag
m3ye W ldudoutasusmsneuninusnnes BZ14 udwimstlaadas BZ14-1H Nazvla

= 3 = = A o A = Y o o 9 '
Iﬂﬂll"llu@'l@l!ﬂ”lilﬂﬂ —TagIara1ounua1s NN 20 uaz"lﬂwamsmammmwmnmq



187

v Y v
3197 20 SwvduaeunsUsunlasumsitla - Jaadaslumetoulasmstlammsnines

BZ14 noumillaainy BZ14-1H

9
v v

T SMevdunsuila — Jaadasuuua Sevduansuila — Yaadasuuy v
1 ienseaeilou Bay 1 Ly Bay 2 @dea3n¥ BZ14BZ22-1H
a J

2 wlasnines BZ14

=\ = o
3 Waalas BZ14-2H (R-B-Y)

=\ = 4
4 Waaas BZ14-1H (R-B-Y)
5 Ui

a) a o
6 Tlaa3a% BZ14-2H (Y-B-R)

a a o a 4
7 aaday BZ14-1H (Y-B-R) ausnnes BZ14
a 4 a a J

8 fasnnes BZ14 aada% BZ14-1H (Y-B-R)
9 usneneilow Bay 1 1ay Bay 2 A18a3I0Y BZ14BZ22-1H (R-B-Y)

BZ22-1H

BZ22-2H

=g
g —

BZ14BZ22

=5
g M
BZ14-1H

MNA 212 MITaeInTaainnes BZ14 noumsilaaiad BZ14-1H a1e11/5un5u ATP



1.5
V(pu)
0.5 /\ﬂ
0.0 %
Y i P I [
0 P >
1o UU W u \} WUU T \1
15 T e
oms. S 0,228 0.302 0.376 [s] 0.450

(file close_CB.pM; x-var t) t RO t YO t BA m:SWRX m:Swy® m:swell
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~ [ = 4 1 a) a 4 3 [BR] 9
AINA 213 u5IAUNMITUAsnines BZ14 neumsUaaiang BZ14-1H 119 3 wld "lmmwai“ﬁ

4.0

Hamlos 1515 Tauuus dreldsunsy ATP

B

35

3.0

25

20

0.5

0.0

4

o

. 0.
(file close_CB.pl4; x-var t) c:

0.4
-X0001A0 ¢:  -x0001B9 c:

0.6
-X0001CA

0.8

1.0 [s]

Ml 214 wdsnulwaTesasihanmstawsnines BZ14 noumsilaaiag BZ14-1H

Y
a3 e ludamaldinames 155 Tauuus aellsunsy ATP
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Cable2 Cable3 Cables Cablef

o
T A7 272H
oA Clgghlel ¢ & cabletl! B‘zmi 1 1 'i)
- A
22HZ
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MNA 215 MIa0InNIAALINNDS BZ14 nounmitlaaiad BZ14-1H adeTil5unsu

PSCAD
close CB.psc

150_0R oy AB ® SWR BSWY A B

1.00 1 YY - YY

0.50 1 1.‘
3 000gEnen TR ®
¢ Indicator Switcina Indicator Switcina Indicator Switcina

-0.50 1 timeR(S) degreeR  tineY (S) degreeY  timeB(S) degreeB

0.4 0420 360 0.206 0226 O 3600.313 0333 0 360
-1.50 - 041 180 0.217367 1926 0.324433 199.8

S 0160 0180 0200 0220 0240 0260 0280 0300 0320 0340 0360 0380 0400 0420 0440

~ Y] = 4 1 a a 4 :/' [N} 9
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close CB.osc

Energy of arrester (J)

A [ A 1 a g )\ a Jd esj
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BZ22-2H

BZ14BZ22
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BZ14-1H

A o =2 A A 4 1 o a
NNN 218 MstraesmsanInamsaeuansaawsnines BZ14 neumsdading

BZ14-1H #191151n51 ATP

~ = A A 4 1 a a 4 9
A5 21 #amsanyIMsaeuansadaiusnines BZ14 noumsiaaind BZ14-1H @

Talsupsy ATP

v A~ a 4 Jd A
usaaugagaelaaiay BZ14-1H (lesgiin)

mstaeume AR — A —

(09711) VAT IATATULHAINUUA BZ14 VAFIAVATULUN NN UUR BZ22
wla R1 ma vl wla B1 wla rR2 ma y2 ma B2

5 1.0102 1.0107 1.0257 1.0039 1.0635 1.0237
10 1.0102 1.0124 1.0257 1.0054 1.0609 1.0534
15 1.0102 1.0178 1.0257 1.0043 1.0618 1.0806
20 1.0123 1.0226 1.0257 1.0277 1.0226 1.0990
25 1.0158 1.0271 1.0257 1.0034 1.0276 1.1082
30 1.0192 1.0311 1.0257 1.0040 1.0311 1.1144
90 1.0471 1.0207 1.0257 1.0040 1.0269 1.3923
120 1.0465 1.0107 1.0257 1.0252 1.0256 1.4863
180 1.0509 1.0107 1.0431 1.0352 1.0270 1.5040
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V(pu)

1.0 & &

0.5

0.0- = vd

0.5

1.0

-1.5

0.20 0.21 0.22 0.23 0.24 0.25 [s] 0.26

(file shift_5.p4; x-vart) t RO t Y10 t B1A t ROX t Y20 + B2 mswyA X

il 219 ussaunMstaaind BZ14-1H la Y iy 192.6 ° wasllawsnines BZ14 1o

AR IIALSTIAUAIY BZ22 imstasua 5 ° d2eT15unsy ATP

0.0+ x v

-1.5
0.20 0.21 0.22 0.23
(file shift_10.pl4; x-var t) t R1O t Y1 t B1A t R2X t Y2@ t B m:swyA

i 220 ussduAMstaaind BZ14-1H e Y fiyw 192.6 ° wdslawsnines BZ14 tijo

1 o A v 9 = A o ¥
UAAINUUALITIAUATY BZ22 Nﬂ?ﬁlﬁ@ulﬂﬁ 10 ﬂ'lfﬂllﬁllﬂﬁll ATP
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V(pu)

1.0 At A A

WA

05

0.0-] = =
05

/(

1.0

15

i 0.21 0.22 0.23 0.24 0.25 [s] 0.26
(file shift_15.pl; x-vart) t R1O t Y10 t B1A t R2X t Y2® + M msSwyA =

il 221 ussaunMstaaind BZ14-1H ld Y fiyw 192.6 ° waallawsnines BZ14 1o
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—(OHRLS

(a)
[source_3] Three Phase Voltage Source Model 2 |X| [source_3] Three Phase Voltage Source Model 2 |X|
|VOItage j IImpedance R-L-C j
Mag. (ACL-L RMS) I 11.5 [k Resistance I 0.059616 [ohm]

Ramp up time I 0 [zec] Inductance I 0.001655435 [H]
Capatcitance I 0 [uF]

Ok I Cancel | Help | QK I Cancel | Help
(b) ©)

AMWAUINA_ N1 uUUasamasiuilanssdy are11l5un5u PSCAD
(2) UUVI@DIHAIR WU (b) MIMUUAALTIAU I ULVVI A4

(c) MIimnuamaNuIUMuLazaNumtenineluanil i

0°0 0~0

Cable2 Cable3 Cable5 Cable6
Clicable ¢ Cablet®!
c1 o
~ICable2 §  Cable2®*

C1 1
={Cable3 J & Cable3== Cable Configuration

Cable Mame (Same 55 Interface)
Steady State Freguency [Hz] (0 for DC) | 500
Clicabled ¢ Cableal!
Length of Cable [kn] | 0.35
Clicables ¢ Cables!
Clicabled ¢ cables™! ok | _cance | Eult | fietp |
(a) (b)

] Y
AMNHUINT N2 uuuassmaaaldau adelilsunsy PSCAD

o o J { ay IJa
(a) LUUaDY (b) mItruamInNudItazaNueaaldan
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Cable Summary:
Cable Name = Cablel
Cable Length = 0.35
Steady State Frequency = 50.0
This should be in a section called TLINE-INPUT-DATA
}/ Line Constants Ground Data:
GroundResistivity = 100.0
GroundPermeability = 1.0
EarthImpedanceFormula = 0

|

|

:

: -

1 -0.263534 [m] Coax Cable:
|

|

|

|

|

Cable # 1 Cable Number = 1
Pl = -0.263534 0.9182133
Layers = 3

0.9182133 [m] Ground Last Layer = 1

Conductor Inner Radius = 0.0
Conductor Outer Radius = 0.011695
Conductor Resistivity = 1.7241e-008
Conductor Permeability = 1.0

Insulator 1 Outer Radius = 0.017195

|
|
|
|
|
|
|
\\/

This should be in a section called TLINE-INPUT-DATA
Bergeron Line Model Options:

Insulator 1 Relative Permittivity = 2.3
| Insulator 1 Relative Permeability = 1.0
: Sheath Outer Radius = 0.017424
| Sheath Resistivity = 1.7241e-008
Conductor : Sheath Permeability = 1.0
Insulator 1 \ Insulator 2 Outer Radius = 0.019724
Sheath : Insulator 2 Relative Permittivity = 2.3
Insulator 2 I Insulator 2 Relative Permeability = 1.0
|
|
|
881;?22 %m}‘ :::}777>L | Interpolate Travel Times = 1
0.017424 [m]‘ 7777777 N : Infinite Line Length = 0
[

0.019724[m]¢ - -~~~ — - 3 High Frequency Approximation = 0

(c) (d)

d' 1
DINNUINN N2 (MD)

Y
o [ J 9 a ya
() mymvuaaieenlseney (d) eazveateyameaiialdan

Transmission Line Configuration

Line Mame

TLine

Steady State Frequency [Hz] (0 for DC) [ S0.0

Length of Line [km] | 2.4

Mumber of Equivalent Conductars I 5]

W W [ Direct Connection
TLine

Tline Tline QK I Cancel | Ediit.... |
(a) (b)

H E4
MUHUINN N3 HUVIABIABIAIADINIA éfﬂﬂiﬂillﬂiw PSCAD

v ¥
(a) BUVI1E0 (b) MIMHUUANINNND, ANNYILAZIIUIUTYALL DN
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General Line Geometry Data Input

Tower: SAC Tower Centre 0 [m]
Conductors: SAC - Ground_Wires: 1/2"HighStrengthSteel
Connection X (from Y GW. # Connection X (from Y
Cond. # Phasing # |tower centre)| (attower) ) Phasing # |tower centre) (attower)
1 1 -0.481 [m] 9.77 [m] 1 Eliminated | -0.591 [m] | 10.005 [m]
2 2 -0.591 [m] 9.579 [m] 2 Eliminated | 0.591 [m] | 10.005 [m]
3 3 -0.701 [m] 9.77 [m] | N ’D
4 4 0.701 [m] 9.77 [m] Mid-S;:an Sag:
5 5 0591[m] | 9.579[m] | 0.3 [m]for Conductors
6 6 0.481 [m] 9.77 [m] 0.3 [m] for Ground Wires
7777777777777
(c)

Line Summary:
Line Name = TLine
Line Length = 2.4
Steady State Frequency = 50.0
Number of Conductors = 6
This should be in a section called TLINE-INPUT-DATA
Line Constants Ground Data:
GroundResistivity = 100.0
GroundPermeability = 1.0
EarthImpedanceFormula = 0
This should be in a section called TLINE-INPUT-DATA
Line Constants Tower:
Name = SAC
Circuit =1
Transposed = 0
Conductors = 6
Conductor Phase Information =1 2 3 4 5 6
Radius = 0.00775
DCResistance = 0.03206
ShuntConductance = 1.0e-011
Pl = -0.481 9.77

P2 = -0.591 9.579
P3 = -0.701 9.77
P4 = 0.701 9.77
P5 = 0.591 9.579
P6 = 0.481 9.77
Sag = 0.3
GroundWires = 2
Eliminate Ground Wires =1

Radius = 0.00315
DCResistance = 2.8645
Pl = -0.591 10.005
P2 = 0.591 10.005
Sag = 0.3
This should be in a section called TLINE-INPUT-DATA
Bergeron Line Model Options:
Interpolate Travel Times = 1
Infinite Line Length = 0
High Frequency Approximation = 0

(d)

& '
NMNNUINN N3 (7D)

Y
o ' < 9 a
() mymmuaaieenlsznen (d) eazideateyameiapINIA



[xfmr-3p2w] 3 Phase 2 Winding Transformer

Transfarmer Name

3 Phage Transfarmer MyA
Base operation frequency
Winding #1 Type

Winding #2 Type

Delta Lags of Leads
Positive sequence leakage reactance
Ideal Transfarmer Model
Mo load losses
Copperlosses

Tap changer on winding
Graphics Display

Display Details?

QK I Cancel

[FDwoUT
o
[oor
I
I 0.0354 [p.u]

fes hd

[Gower T

Saturation Enabled

Saturation Placed on Winding
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Energy Handling Capacity
Type PDV and PVR Distribution Class Arresters

The MOV blocks used in distribution class arresters are subjected to direct lightning strokes. It is
therefore important to verify that they will withstand the type of surge duty they will see in the ficld.
During the process of handling a lightning strike, the arrester must be able to absorb the surge, dissipate
the energy, and remain thermally stable.

None of the current standards (ANSI or IEC) dearly define how to establish the enerpy handling capac-
ity of an arrester. Instead, they call for the following operating duty tests for demonstrating the repetitive
energy handling capahbility of the design.

a.  Low-current, long-duration test per ANSI standards C62.11, danse #8.10.2.2, using a 2504
X 2000 micro-second wave shape for 10kA heavy duty and 754 X 2000 micro-second for
5kA normal duty Distribution Class arresters.

b. Long duration current impulse withstand test per IEC standards 60099-4, clause #7.4.2
using the line discharpe parameters specified by 1EC.

During these tests, the arrester blocks are subjected to repetitive energy discharges as defined in the
standard. However, that does not quantify the actual energy handling capacity of the arrester

Hubbell Power Systems/Ohio Brass Company manufacture their own blocks and perform the following
tests (in addition to complying with the above requirements of ANSI and IEC standards).

i) Each MOV block receives an 8/20 high current lightning surpe that subjects the blodk to
its rated routine test energy which are 225 Joules/cc for 10kA heavy duty blodks and 193
Joulesfec for kA normal duty blocks. These are the energy levels for running the rou-
tine production test in our MOV plant on 100% basis. Actual energy handling capacity
i=s much above this level.

i) In addition to the routine test as outined in paragraph (i) above, we perform a sampling
QA test (high current, short duration). Random samples of blocks from each barch of
heavy duty arrester blocks are subjected to a two shot series of 100kA high current
impulses. Similady, random samples of blocks from each batch of normal duty arrester
blocks are subjected to 2 two shot series of 65kA high current impulsss, Thes: tests
determine a conservative value for the ultimate energy handling capadity of the blacks.
Based on the QLA test data on file, these ultimate values are 500 Joulss/cc for 10kcA heavy
duty blocks and 530 Joules/cc for 5kA normal duty blods

Trandating the QLA data into kJfkV, we confirm the following ulimate Energy Handling Capacities:

PDV-100 Type arresters - - (10kA heavy dury) - - 5.20 k[/kV of MCOV
PVR Type arresters - - (10kA heavy dury) - - 4.70 k[/LV of MCOV
PDV-65 Type arresters - - (SkA normal duty) - - 3.20 k[/kV of MCOV
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