EE 5220 - Lecture 5 Wed Jan 17, 2024
Topics for Today:

e Startup
« Web page: https://pages.mtu.edu/~bamork/ee5220/index.htm
Book, references, syllabus, more are on web page.
Software - Matlab. ATP/EMTP [ License - www.emtp.org |
« ATP tutorials posted on our course web page

« EE5220-L@mtu.edu (participation = min half letter grade)

« HW#2 probs 1.4, 1.5, 1.6, 1.7, 2.4 due Tues Jan 23™.
«  HW#3 probs 3.2, 3.3, 3.4, 3.6, 3.12 due Tues Jan 30".
* Forced response of RL, RLC circuits.
« ATP Simulation pointers
* Next: Cap Bank Switching

 Read/peruse/study Chapter 3

* Print out Cap Bank Sw handout, bring to class!


http://www.ee.mtu.edu/faculty/bamork/ee5200/
https://pages.mtu.edu/~bamork/ee5220/index.htm
http://www.emtp.org
mailto:EE5200-L@mtu.edu
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USEFUL TRIGONOMETRIC IDENTITIES

sin {(A+B) = sin A cos B + cos
sin (A-B) = sin A cos B ~ cos
cos (A+B) = cos A cos B - sin
cos (A-B) = cos A cos B + sin
cos A cos B = 1/2 [cos {A-B)
sin A sin B = 1/2 [cos (A-B)
sin A cos B = 1/2 [sin (A+B)
cos A sin B = 1/2 [éin (A+B)
sinA = 1/2 (1 - cos 2A)

coszA

1/2 (1 + cos 2A)
sin A cos A = 1/2 sin 2A
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A cos wt + B sin wt =C cos ( wt - a)

where ¢ ¥V’A2 + B2
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Plot of fault current with worst-case dc offset. X/R = 20. AT

R =0.1 ohms
X = 2.0 ohms K g
!
Breaker Speed Ipus factor, Ki Effect of dc offset on IEEE “s” Factor
Teax |
1.0 1.44 x 1.73 14
1.5 1.33 x 1.62 1.3
2.0 125 de= x 1.533 12
3.0 1.14 x 1.39 1.1
4.0 1.08 x1.28 1.0
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Table 8.10 Preferred ratings for outdoor circuit breakers (symmetrical current basis of rating) [10]
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S e

IDENTIFICATION RATED VALUES
VOLTAGE INSULATION LEVEL CURRENT
RATED |
WITHSTAND
TEST VOLTAGE
RATED
RATED SHORT-
CONTINU- | CIRCUIT
ous CURRENT
NOMINAL RATED RATED CURRENT | (AT
VOLTAGE |NOMINAL | MAX VOLTAGE AT RATED
CLASS  |3-PHASE  |VOLTAGE |RANGE  |LOW 60Hz MAX kV)
KV, MVA KV, FACTOR |FREQUENCY |IMPULSE |AMPERES, |k,
ms CLASS rms K . | kV, ms kV, CREST |ms ms
_COL1 coL 2 COL 3 COL 4 COL 5 COL 6 COL7 coL 8
14.4 250 15.5 2.67 600 8.9
14.4 500 15.5 1.29 1200 18
23 500 25.8 2.15 1200 11
34.5 1500 38 1.65 1200 22
46 1500 48.3 121 1200 17
— 69 2500 725 121 1200 19
G N
115 121 1.0 1200 20
115 121 1.0 1600 40
115 121 1.0 2000 40
115 121 1.0 2000 63
115 121 1.0 3000 40
115 121 1.0 3000 63
138 145 1.0 1200 20
138 Not 145 1.0 1600 40
138 145 1.0 2000 40
138 145 1.0 2000 63
138 145 1.0 2000 80
138 Applica- | 145 1.0 3000 40
138 145 1.0 3000 63
138 145 1.0 3000 80
161 ble 169 1.0 1200 16
161 169 1.0 1600 315
161 169 1.0 2000 40
161 169 1.0 2000 50
230 242 1.0 1600 315
230 242 1.0 2000 315
230 242 1.0 3000 315
230 242 1.0 2000 40
230 242 1.0 3000 40
230 242 1.0 3000 63
345 362 1.0 2000 40
345 362 1.0 3000 40
500 550 1.0 2000 40
500 550 1.0 3000 40
700 765 1.0 2000 40
700 765 1.0 3000 40
326

e v



D BRI NS s S

13

Table 8.10 (continued)
RATED VALUES RELATED REQUIRED CAPABILITIES
CURRENT VALUES
3-SECOND CLOSING
MAX SHORT- AND
SYMMET- TIME LATCHING
RICAL CURRENT CA-
INTER- CARRY- PABILITY
RUPTING ING 1.6K
RATED CA- CA- TIMES
PER- RATED PABILITY PABILITY gﬁgﬁg
RATED - MISSIBLE MAX -
INTER- TRIPPING VOLTAGE Lttt CIRCUIT
RUPTING - DELAY DIVIDED GURRENT CURRENT
TIME BY K KA,
CYCLES SECONDS kV, ms KA, rms kA, rms rms
COL9 COL 10 coL 11 CoL 12 COL 13 .COL 14
- 5 2 5.8 24 24 as
5 2 12 23 23 37
5 2 12 24 24 38
5 2 23 36 36 58
5 2 40 21 21 33
3 5 2 60 23 23 37
— o—
3 1 121 20 20 32
3 1 121 40 40 64
3 1 121 40 40 64
3 1 121 63 63 101
3 1 121 40 40 64
3 1 121 63 63 101
3 1 145 20 20 32
3 1 145 40 40 64
3 1 145 40 40 64
3 1 145 63 63 101
3 1 145 80 80 128
3 1 145 40 40 64
3 1 145 63 63 101
3 1 145 80 80 128
3 1 169 16 16 26
3 1 169 31.5 31.5 50
3 1 169 40 40 64
3 1 169 50 50 80
3 1 242 31.5 31.5 50
3 1 242 31.5 31.5 50
3 1 242 31.5 31.5 50
3 1 242 40 40 64
3 1 242 40 40 64
3 1 242 63 63 101
3 1 362 40 40 64
3 1 362 40 40 64
2 1 550 40 40 64
2 1 550 40 40 64
2 1 765 40 40 64
2 1 765 40 40 64
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