how to improve the THD?

The Third Harmonic Current Injection

1. patch the gaps in the input currents
2. do some shaping

what is this all about? current injection device
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but, let’s take a closer look ...
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let’s complicate a little bit some circuit theory ...

8 variables introduced
4 element equations needed
the remaining 4 will be covered by KCL and KVL
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the device is resistive, please remember
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the device is non-dissipative, please remember this

back to the circuit ... some equations, KCL, ...
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some equations normalized Jy limitations

IX = Tour for the continuous conduction mode (CCM):
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how to get jrir, k € {1, 2, 3}7 the input currents
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there are three cases to be considered:
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let’s assume iy optimization over k and ¢
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1. for the continuous conduction mode —2 < k < 2
2. let us assume —w < ¢ < 7 Jy =k cos (3wot — )
which couple (k, ¢) minimizes the THD? let’s go to work!

goal: minimize the THD



numerical optimization, 1, THD [%]
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numerical optimization, 3, THD [%]
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numerical optimization, 5, TH D [%]
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analytical optimization, start
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numerical optimization, 2, THD [%]
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numerical optimization, conclusions

» improvement possible!
» 5% < THD < 6% achievable
» k=15 ¢~0

> it is promissing to continue

» analytical optimization?

» circuit?

» let’s continue ...

analytical optimization, rms and the fundamental

after lots of work (fortunately, wxMaxima’s):
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analytical optimization, make it simple analytical optimization, let’s fix ¢
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DPF (kopr, ¢opr)
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Jr, with ideal waveforms
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Jk, with ideal waveforms, a closer look
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increase in the amplitude
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a common misconception ...
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let’s walk around, j;, real (cosine) part
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let’s walk around, jgi, real (cosine) part
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let’s walk around, ja, real (cosine) part
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let’s walk around, jy, real (cosine) part
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let’s walk around, jx, real (cosine) part
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let’s walk around, jp, real (cosine) part
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let’s walk around, j4, real (cosine) part

R(Jrak)

let’s walk around, jy, real (cosine) part
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“future work”

» only currents focused; how to get them?
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> how to improve the efficiency?

> is there a way to lower the THD = 5.12% further?

let’s walk around, jp, real (cosine) part
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what the 3" harmonic current injection is not ...

» the third harmonic current injection is not a compensation
for the third harmonics in the rectifier input currents

» there were no third harmonics in the input currents before
the injection was applied

» neither there are any third harmonics in the input
currents after the injection was applied

» the third harmonics circle through and around the diode
bridge

» the diode bridge creates the third harmonics and
“consumes” them

» the diode bridge is a nonlinear system, capable of creating
harmonics

published in ...

Predrag Pejovié, Zarko Janda

“An Analysis of Three Phase Low Harmonic Rectifiers
Applying the Third Harmonic Current Injection”

IEEE Transactions on Power FElectronics,
vol. 14, no. 3, pp. 397407, May 1999

but this research was initiated by a comparison of two circuits . ..

which is our next topic . ..



