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{(c) 2.4 KV system: {

I = 10,000 / (1.732 * 2.623)

2201 A

(d) 0.48 KV system:

=
n

10,000 / (1.732 * 0.525)

11,000 A

(5) Summarize the base data in table

SUMM R {Y

System Base Values
(Base Power 10 000 KVA)

Bus Base LV Basa Z Base [
2 88.00 478.1 H3.67
1 14.427 20.82 4002
8 14.427 2082 400.2

24 14427 2082 400.2

91 14.427 20.82 400.2

32 Jeas: Ns 22010

36 2 gaa 0.888 0

a7 0.525 0.027 68 11 OGO

(6) Convert transformer impedances to per unit using &{{( ?
w

= %, * ((base xvl; / (base sz} * {baae K?ﬂz} / (base kVA,)
(a) T2:

toct
\
Z = ((1.0 + j8.0) / 100) * (552;593} * ‘Pi

0.00610 + j0.04880 l’ 7‘
(b) T13: ‘ ‘

Z

((0.8 + j5.75) / 100) * (2.4% / 2.623%) = {10 / 15}

et gage mote

= ((0.8 + §5.75) / 100) * (13.22 / 14.427%) * (10 / 1)

0.02679 + j0.19255
{c) Tl4:

= 0.06697 + j0.48135
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Bus 4: KV = 69.0 # @ where 13.8 / 66 equals q'"
turns ratio of T2
= 14.427
V Bus 36: KV = 14.427 2.4 13.2) urns ratio ﬂf T13
= 2.623 é

Bus 37: KV = 14.427 * (0.48 / 13.2) turns ratio of Tl4

1 Gase:“'“wi‘”a:-‘u&c cach gcctiom

(3) Calculate base }.mpedxzus = (base I\E‘ii"}.l2 / base MVA
a) 69 KV system: 0 ’
OQ (a) : : i:f::ui} / (10,000) 5%:6” 61 &V 6]3‘
1‘ (b) 13.8 KV system: ,..'l‘““‘ Iil,ll} %;‘P oW u.

T e T

%oa‘k (e) 2.4 KV s;?ﬂd
w z = (2.6432 * 10%) / (10,000)

|l Il (%), .
z = (0.525% * 10%) / (10,00 ?éf‘k‘:,%s

@Ogcfa?(w_o Vollages T4
ok

= 0.02756 Q ‘GMG urT
(4) Calculate base currents = base KVA / (V3 * base KV)
(a) 69 KV system: I’ d?
I = 10,000 / (1.732 * 69.0) 5
= B3.67 A

(b) 13.8 KV system:
I =10,000 / (1.732 * 14.427)

= 400.2 A
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Calcviate operating valves
1, VT for all buses
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The steps in reducing the raw data to per unit are as follows:

2 Trans

(2) Determine base voltages |

(a) Select bus 2 nominal voltage of 69 KV as base 675%’6%

(b) Calculate base voltages at other system levels
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(7) Calculate line impedance in ohms: Z = actual ohms / base ohms
Lines 7, 8, 18, and 19 are 3/C, copper cables, paper
insulated, shielded conductors:; dielectric constant: 3.7

(a) Line 7: Es 305@6

% = (0.01515 + j0.01887) / 20.82

= 0.000728 + jO.000906 per unit
(b) Line 8:

(0.19138 + j§0.12119) / 20.82

N"
g 0.0009192 + j0.005821 per unit
Y = %,/ —-jX, = 20.82 / —-j8630
= 0 + j0.002413 per unit
{ Line 18:

(0.16864 + j0.02074) / 20.82

0.00810 + j0.001 per unit
Line 19:
Z = (0.24056 + j0.02959) / 20.82
= 0.01155 + j0.00142 per unit
(8) Calculate Xy’ of two synchronous machines in per unit using ”
‘1‘ equation from (6) glx

(a) Synchronous motor on bus 8: 5 g

Xq' = j0.28 * ((13.2%) / (14.427%)) * (10,000 //9,800)

§0.2392 ' ‘f;
(b) Generator G1: ‘-n
Xq' = j0.20 * ((13.8%) / (14.427%)) * (10,000 /f(8500/0.8

= §0.1722 ' SR



!
6 tiom a'*o/ ?55/ /7‘,}:

" _ - Va{ 6
% ot h 0.7 "3
N P

G\



Motor Ratiwgs © M,
\| = ]5.7.,14\/
\Iﬂ

Saq= Q4100 KVA
*? - 0.18 ?U T'JA'CA
&

Moter Orcra&'{oﬂ
N = 19.927 ‘K‘v

gozf - loldu K‘;A' 2
Sectiom 3&,? &‘a. \ -
T -nl,) s
%y oD)= e
16,904

_ .30.7.8 ('%%j' (;?O_J)

o9 ; 1
%g_\l_,ﬁ 3[)._12.3“‘1 Va' Sgg
motor 1
PP |- 1 lwe 3 0
N%S);;l_%\ ‘ﬂ?‘b N ’to..ﬁ rAM



f:x‘;.' 26.20 ‘FC?'%#U
220 kV

LM_A.J | / e;f;,“‘b,‘
1M Cg 24.9 kV

120 kA MV bus bar

69 MVA

circuit
breaker

Lind ¢ omfontiop 4 4
S 3] 4 ls] Le 8
=

Ry

fault

8 feeders rated 200 A



————— -.:-f"""'-’*-l-‘“h\

e’ 10000
240 Bhemil 2688 hemil

ACSR BA&Y
OSH LIHE

whi A

L2

T3

11 R Sy PP
JE-DAGRY _{_< 1AE -4 184Y
Za8%

ANGkY

B s
,,,ff’”'qu fpe
; Lault, N

L1 coliv

?;:fw‘ld A LT
L3 B -DABA Tawy i 8
) Al &E 18
FrB 1% IrhEN i 076 vl
=B 18 I o 13- 04BNy
no 225 76%
T 2aky =

/2

B50r IGROUR 5 50 hpl
EL0 g IGROUP 'l‘.iﬂhﬂl
TOTAL 8 B350 hp

dar O XALAl.

= r— |
A ;_’.{3
f :—? : s i EL
L 13, B 138048k '- @
2 = o rengEn o =
G

@

i@ . |8 ; [q
] E W—l‘-
20c by DR 3 S Cthpl )@ 626 by |GAGLIFE 50 hal A —
PO IROLIF & RO s IR i precfid ittt
TRIAL: 300 TOTAL: so0ng
oGrg 10TAL 11|:| 'n:rrA 30k TOTAL
T-1801g 1= Th by
1-150hp
1-1
[ .5%:;: : Jﬁhn l 1=10np : 103 hp {GROUF Z 50 by
g 1-%aka 300 hg {GROUF < 50 b
1 TOTAL » 100 rgr
y # ﬁ ﬁ MNOTE: & — 050 hp [OAGUP 2 B0 ha)
g e 5O
LIGHTING & DTHER KON MOTOR LOADS f 'IQT!E Ilimwm?{iﬂh}

Composite Single-Line Diagram for Typical Large Industrial Power System
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Large Industrial Power System

¢ Redundant/failsafe approach — Dual backup
o  Two 69 KV lines with individual breakers

— Lines 10,000 ft of 267 kMil
—+ Parallel Buses @ & @ connected by normally open air circuit breaker for

redundancy if one 69kV fails
— Two transformers T;: A-Y & Tz A-Y 69—13.8 kV wi60 kV surge arrestors

n—r/vt 400A line to ground rated impedence

Two redundant 13.8kV busses, @ and @

Normally open switch air circuit breaker

Main
@ +— Distribution — @
Buses
Feeds Feeds
EF.GH LILK.LM

(one)

Both @ and @ have 1.5 MVAR “C” compensation due to 17 motors downline to
reduce Ijp and pF{

@ @

Lines @ 13.8 kV Lines @ 13.8 kV
Each has air circuit breaker Each has air circuit breaker

Total of 8 13.8 kV lines

Throughout the system there are 25 lines ﬁ
17 lines @13.8 kV
8 lines (@ 480 V
There are 15 Transformers
There are 16 Molors at various HP
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Line First Protection First Second Protection Second Line
Connection Connection has Connection Bus Connection has Voltage
Bus MNumber
Mumber
24 30 Air circult 33 X 0,480
breaker, drawout fype = e
25 30 Drawoul fuse and Air 35 X (1.480
circuif breaker, drawout
lype -

You are able to see thatiims 17,18,19,20 and 21 and others in this system

services a numerous number of motors. There are many different number of motors in
this one line 3lagram, which operate at different hp and have different ratings. This table

shows all the motors in this system.

Moio
Group = 51 hp Gr 0 hp Any thing else Total OK
8 I X 9000hp Synchronous 9000hp ‘_—-
11 500hp X X 500hp
17 850hp 500hp X 1350hp
18 850hp 500hp X 1350hp ‘b‘
2500hp X 1250hp 3750hp & 1-
~ 1750hp X 2000hp 3750hp ‘-___." |5l
X 750hp X 750hp
53 X X 150hp 150hp
23 x| X i 150hp 150hp
2% 400hp 500hp X 900hp
29 625hp 465hp X 1090hp
- 400hp 500hp X 900hp
13 300hp X X 300hp
34 75hp 35hp X 110hp
5 300hp X X 300hp
36 X X 2500hp IND. Motor 2500hp
37 T00hp 300hp X 1000hp

Each one of these motors might be connected to a protection device or

transformer but will start at a bus some where. There are 40 buses though out the system.

The following table shows all the voltages of each Bus.



Buses

Bus ‘\-“'ohage on the Bus in Bus Voliage on the Busin | I Bus Vaollage on the Bus in
(kV) (kW) (kV)
I 69 15 13.8 B 29 0.480
2 69 16 13.8 30 0.480
3 138 17 0.480 il 13.8 y
4 138 18 (0 480 32 13.8
5 13.8 19 24 33 0.480
6 13.8 20 24 34 0,480
7 138 21 0,480 35 (.480 ]
3 13.8 22 0480 36 24
9 13.8 23 0.480 37 0.480
10 13.8 24 13.8 0.480
. 2.4 25 13.8 4.16
12 13.8 26 13.8 0).460)
13 13.8 27 13.8
14 118 28 0.480 L
. W
With out transformers the power industry would probably not exist. This leads
me to my next table transformers. Transforms help us with transporting electricity ‘
because higher the voltage the less loss we will have. P=(V"2)/R You can see that there
are a total of 15 transformers in this system.
e e
Transformer Data
Obd New | Primary | Primary | Primary Secondary | Secondary | Secondary Old
MVA | MVA | Windings | Voltage | Connection | Windings Voltage Connection | (PU) Z
Base | Base 1 . O
TI 15 15 A B6o9kV Bus 1 Y 13.8kV Bus 3 .08
T2 | 15 15 A 69KV Bus 2 Y 13 8kV Bus4 | jO.0B
T3 | 1.725 | 1% A 138kV | Bus 3 Y 4. 16KV Bus 39 joos
T4 | 1.5 15 A 13.8kV | Bus6 Y 2.4kV Bus 11 0,055
TS | L5 | 15 A | 138kV | Bus12 Y 480V Bus 17 10,0675
T6 | 1.5 | 15 A | 138kV | Busi3 ¥, 480V Bus 18 J0.0675
T7 175 15 A 13.8kV Busl4 b 2.4kV Bus 19 J0.055
TR | 375 | 1§ X 13.8kV | Bus 15 Y 2.4kv Bus 20 j0.053
™ | 075 | 15 A 138kV | Bus 16 Y 480V Bus 21 J0.0575
TIO | 1.5 15 A | 138KV [ Bus25 Y 480V Bus 28 J0.0575
TIL| L5 | |5 A | 138kV | Bus2e Y 480V Bus 29 j0.0575
TI2 | 15 15 A 13.8kV | Bus27 Y 480V Bus 30 JO.0575
TI3 | 2.5 15 A 13.8kV | Bus 31 A 2.4kV Bus 36 j0.0575
TI4 | 15 A 13.8BkV Bus 32 A 480V Bus 37 JOL0STS
RT | 1725 | 15 A 13.8kV | Buss Y 480V Nol Stated | j0.06

The following table is the per unit diagram of this whole system and you can see
how easily per unit can convert a one line diagram,

PResy”

L
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2 @ 69 kV
19 @ 13.8 kV
4@2.4KkV
1@ 4.16kV
13 @480 V
1 @ 460 V

Bus 24 is critical

s

Substantial Protection
Backup

Surge

Fault

T'here are 40 busses O

Note:
Bus #38
Dedicated to

“lighting”

le——— Separate UPS

Generator
Protected by 15 kV
surge capacitor

H@ 13,8 KV

pF =0.8
Xd =0 9%
10 MVA
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Line Data

Line First Protection Firsi Second Protection Second Line
Connection Connection has Connection Bus Connection has Voltage
Bus Mumber (kV)
MNumber =
1 3 Air circuit breaker, 13 X 13.8
removable type DH
p 3 Adr circuit breaker, 5 X 138
removable type DH R
3 3 Air circuit breaker, 26 Disconnecting swilch, 138
s removable type DH nondrawoul .
4 3 Adr circuil breaker, fi Disconnecting switch, 138
removable type DH nondrawout
5 4 Air circuit breaker, 15 Disconnecting switch, 138
removable type DH . nondrawout -
fi 4 Adr circuil breaker, 7 X 13 8
removable lype DH =
7 4 Air circuit breaker, 8 15kV surge capacitor 13.8
removable type DH -
4 Adr circnit breaker, 24 Adr circuit breaker, 13.8
removable Lype ype DYH
9 25 4 138
_ nondrawout
1t X 12 Disconnecting switch, 13.%
ondrawoul Sl
10 X 13 15C01 1348
nondrawout
10 X 27 Disconnecting switch, 13.8
nondrawoul
6 Switch 14 Disconnecting switch, 13.8
nondrawoul
7 X 7 — 138
nondrawout
15 7 X 16 Diisconnecting switch, 13.8
nondrawout
16 17 Drawout fuse and Adr 22 X 0,480
circuit breaker, drawout
lype B
17 18 Drawoul fuse and Air 23 X (480
circuil breaker, drawout
ype J
18 24 Adr circuil breaker, 31 X 13.8
removable type DH - —
14 24 Air circuil breaker, 32 X 138
removable type DH
20 8 Adr circuit 38 X 0. 480
_ breaker drawoul type |
21 28 Drawout fuse and Air 33 b 1. 480
circuit breaker, drawout
Ivpe
22 29 Alr circuit I8 X 0480
breaker, dmwout type e e
23 29 Drawout fuse and Air 34 X 0 481}
__circuit breaker, drawoul i
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Large Industrial Power System

¢ Redundant/failsafe approach — Dual backu
» Two 69 KV lines with individual breakers

—s Lines 10,000 ft of 267 kMil

ses \ '/ 8 ﬂ connected by normally open air circuit breaker for
redundancy if one 69kV fails
— Two transformers Ti:A-Y & T A-Y 69—13.8 kV w/60 kV surge arrestors

—-a-é 400A line to ground rated impedence

Normally open switch air circuit breaker

Main
() — Distribution — {4
Buses
Feeds Feeds
"EJF,GH . ILJLK.L.M

(one)

Both o

reduce [j; and p

Q @ ﬁ ....................... Q

Lines @ 13.8 kV Lines @ 13.8 kV
Each has air circuit breaker Each has air circuit breaker

ation due to 17 motors downline to

Total of 8 13.8 kV lines

Throughout the system there are 25 lines ﬁ
17 lines @13.8 kV
8 lines (@ 480 V
There are 15 Transformers
There are 16 Motors at various HP

Use PsseE kor
what i1 £ 6751‘6%
Modeling
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24.9 kV FEEDERS LEADING TO SUBURE



