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Outline
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§ DC-AC switching inverters
§ 3-phase inverter

§ Short circuit

§ Exercises



Three-phase inverters
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§ Three legs
§ Controls phase shifted 120°
§ Midpoint not used



Three-phase inverter
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§ mf odd multiple of 3
§ Reduce harmonics



Harmonics of 3-ph vs 1-ph PWM
• 1-ph

unipolar
PWM

• 3-ph
PWM
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Three-phase inverter harmonics
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1-ph PWM 3-ph PWM



Output voltage magnitude
• Single phase ac-voltage:

෠ܸ஺ேଵ = ݉௔
ௗܸ

2
• Phase-phase (Line-Line):

෠ܸ௅௅ଵ,௥௠௦ = ݉௔
ௗܸ

2
3
2
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3rd harmonic PWM
• ma = 1

• Subtract a 3rd
harmonic with
magnitude 1/6

• Peak of total
output voltage
reduced to

87%= ଷ
ଶ

2015-12-09 8TSTE19/Tomas Jonsson

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

time [s]

3rd harmonic PWM

cos(wt)
-1/6*cos(3wt)
cos(wt)-1/6*cos(3wt)



3rd harmonic PWM, cont
• ma = 1.15

• Single phase ac-
voltage:

෠ܸ஺ேଵ = ݉௔
ௗܸ

3
• Phase-phase (Line-

Line):

෠ܸ௅௅ଵ,௥௠௦ = ݉௔
ௗܸ

2
• Peak of total = 1
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Three phase inverter ripple
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§ All ripple across L
§ 3rd harmonic PWM:

3rd harmonic from the 3
phases add to zero



Short circuit
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Short circuit current oscillation
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Main : Graphs
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Fault current and diode current
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Main : Graphs
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Short circuit current
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መ௦௖ܫ =
ܷௗ
ܮ
ܥ

߱଴ =
1
ܥܮ

Main : Graphs
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• Peak current

• Frequency of resonance



Lecture 12
Exercises



12-100
a) Calculate the short circuit current in the Lab 3

circuit setup. Consider Q1 and Q2 to conduct ideally
at the same time. Assume parasitic inductance to the
dc-side being 50nH.

b) Is this peak current acceptable for the MOSFET
without failure?
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12-101
a) Calculate the MOSFET case and junction

temperature at 25 C ambient for 0.95A rms load
current. Neglect switching losses. Use the data sheet
for thermal and electrical data of the MOSFET.
Consider a MOSFET without heatsink.

b) Calculate the required thermal resistance (Rth) of the
heatsink to keep the case temperature below 80 C
when the peak current of the MOSFET is 20A.
Neglect switching losses.

c) What is the junction temperature in this case?
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