alm ...

Switching Current Injection Device » current injection devices inject to all three of the phases ...
» but only one phase really needs injection!
» is there a way to inject only where needed?
» is there a way to get rid of the current injection device?

» something smaller, lighter, cheaper, ...

let’s get back to basic current injection ... as always, assume . . .
1A VA
ADl AD3 AD5 ira n
Tour vour
my = cos (wot)
A D2 A y ol iz N
in ' 27
' ma = cos | wot — —
iR iRy iR3 ix v . : 0 3
i current R
:X injection A
iy | device o ms = cos <w0t - 7)
i1 iy iy 3
+ + +

diodes ... currents without injection

;1 I | Lot
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1 =051
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1
< 1.0
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Lt ~05
=0 —-1.0}

—180—150—120 —90 —60 —30 30 60 90 120 150 180 —180—150—120 =90 —60 —30 0 30 60 90 120 150 180

wot [°] wot [
what do we need? let’s do it!
it S1
U1 - :HKC
conclusion:

o ) o i 52 i
current injection is needed in the phase whose voltage is neither Uy 52 a&c c ve
minimal neither maximal in the considered time point

igs S3
U3 :WKc




how to oper

ate the switches?

S1

—180—150—120 =90 —60 =30 0 30 60 90

120 150 180

N
@

0f
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1

0

—180
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wot [°]

and the voltages are defined . ..
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m 4, analytical

m4 = max (my, ma, ms)

oo
ma = Mag + ZMAJ“ cos (3kwot)

k=1
3v3
Mao =52
u _ 3\/3 (_1)k+1
AT T k2T

mp, waveform

1.0

-1.0

IPANANAN

—180—-150—120 —90 —60 —30 0 30 60

wot [°]

90 120 150 180

some Boole algebra . ..

my, waveform

ma

S1

52

53

—dy A —ds

=d3 A —dy

—ds A dg

0.0

m 4, spectrum, real part

R(Ma, k)

mp, analytical
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mp = min (my, ma, m3)

harmonic order, &

o0
mp = Mpgy + ZMB’]‘ cos (3kwot)

k=1
3v3
Moo ==
W3 1
Mok == g1

678 91011121314151617181920




mp, spectrum,

real part
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1.0

-1.0
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567
harmonic order, k

mc, analytical

mo = —ma —mp

o0
Z Mc, 1, cos (3kwot)
k=1,3,5,...

6vV3 1
Mew =" g1

mg =

this is a (sort of) new spectrum to deal with ...

and there is no DC component in it ...

R(Mc, k)

|
—
o
=8
=L
o}
ol
|
o
o

me, waveform, this is a new one . ..

_180-150-120 90 —60 —30 0 30
wot [°]

me, spectrum, real part
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since we are already here, m 4y, waveform

may, analytical

1.0

-1.0

| may = ——

k=1,3,5,...

may, spectrum, real part
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mour Ac, waveform

mp

ma + .

| 3V3

Mav,y = —

_
oK% — 1

mc

2

oo
may = Z M v, 1, cos (3kwot)
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mour AcC
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harmonic order, &
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mour Ac, analytical

mout Ac = mout — Mour = ma — Ma,0o—mp+ Mp,o

o0
movrac =Y, Mouvrac,k cos (3kwot)
£=2,4,6,...
6v3 1
]WOUTACA,k = *T m

we would like to have ...

j1 = cos (wot)

. 27
J2 = cos | wot — 3

a note, again: normalized amplitude is 1; if actual amplitude is

I,,,, the normalization is

analysis . ..

» regarding the inputs, diodes and switches perform useless

function
» each phase observes Rg, which is perfect!
» which of the resistors is the hottest one?

» or better to ask, which one is the coldest?

> let’s separate AC and DC, you already know the trick ...

voilal

A Dl AD3
i iny

A D2 A D4
is1

is2
i 2 i3
+ + +
C? | @ - C/P ;

+

forrTG) vour

mour Ac, spectrum, real part

1.0

0.0 -

R(Mouvr ac, k)

AT 3 45 67 8 01011 121314151617 181020
harmonic order, &

and there is a way to get it ...

A Dl AD3 AD5
AD2 A D4 A D6

the trick ...

hint: L = R?C, if oo is too big

analysis . ..
> ... and we have the circuit!
» not a long mathematical derivation?

actually, it’s invented right now, while working on this
presentation (April 15, 2012, 00:06:53)

not the first experience of this kind, 1999, ...

v

v



something similar published in ...

Predrag Pejovié
“A Novel Low Harmonic Three Phase Rectifier”

IEEFE Transactions on Circuits and Systems I:
Fundamental Theory and Applications,
vol. 49, no. 7, pp. 955-965, July 2002

after lots of trouble ...

although, the derivation presented here is much shorter, and the circuit is slightly different ...

power and efficiency . ..

3
Py = 5
3v3 3V3 27
POUT:MOUTJOUT:T X ?Z 9.2
372 — 27
Prng = Pin — Pour = “onz
Pour 9
= = — ~91.19
K Py w2 %

already familiar with the results?

jA7 jBa and jC

L) ]
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=00} 1
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0.5} 1
200
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1.0
0.5
& 00}
05
~1.0
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wot [

ja, spectrum, real part
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1.0

0.0 —

R(Ja.x)

-1.0

01 23450678 91011121314151617181920
harmonic order, &

currents . ..

Jja=mg
jB=-—-mp
Jjo=—mg¢

analytical description, spectra, waveforms, ...

Jjra = ja — Jour

Jjie = Jout — jB

3V3

Jour = ?

remains to be done ...

» how hot each resistor is?

» other current injection networks?

» the third harmonic current injection?

> how to build the switching current injection device?

» in the meantime, some waveforms and spectra . ..

ja, analytical

Jja = max (j1, j2, J3)

oo
ja = Jao+ ZJAﬂk cos (3kw0t)
k=1

3V3
Jao = —— = Jour

2
J B 3\/§ (_1)k+1
Ak 9k 1

the same as my4

jp, analytical

jB = —min (j1, jo, j3)

o0
JjB = Jpo+ Z JB, i cos (Bkwot)

k=1
3V3
JB():T:JOUT
Y8
3V3 1
TBk = = g

the same as —mp



JB, spectrum, real part
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harmonic order, k

Jc, spectrum, real part
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currents ...

Jjra = ja — Jour

Jjie = Jour — jB

3v3
Jour = ——
2

analytical description, spectra, ...

Jra, spectrum, real part
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1.0

-1.0
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harmonic order, &

Jjo, analytical

Jjoc=ja—JjB

00
jo = Z JC,k Ccos (3kw0t)
k=1,3,5,...

proportional to m4y and —mg; going to be important

Jra, jis, and jo
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I 00— —
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—180-150-120 —00 —60 —30 0 30 60 90 120 150 180
1ot
. 05}
foop — >~
_05,
—10f}
—180—150—120 =90 —60 —30 0 30 60 900 120 150 180
1.0
0.5}
8 01)/\/\/\
—05
_10,
—180—150—120 =90 —60 —30 0 30 60 90 120 150 180

wot [°]

Jjra, analytical

. o 3v3
Jra = max (j1, jo, j3) — —

[oe]
jra = Z Ja, 1 cos (3kwot)

k=1
J _ 3\/5 (_1)k+1
Ve |
jrp, analytical
3v3

jip = 5~ —min (J1, 2, J3)

[oe]
jiB = Z JB, i cos (3kwot)
k=1

3W3 1
Tipk = g1



jip, spectrum, real part
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JR1, spectrum, real part
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Js1, spectrum, real part
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how 71 is obtained?
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detour: jgi, jre, and Jjr3
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Jst, Js2, and jg3
Lot
_05)
200 ’\‘ l/\
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J1, J2, and j3
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how j; is obtained: spectral approach
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harmonic order, n
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how j5 is obtained?

L0
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jodd and jeven

matter of convenience:

JIA = Jodd + Jeven

jIB = jodd - jeven

. JiatJjis

Jodd = —
2

j _ Jia—jiB
even 2

Jodd, spectrum, real part
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R(Jodd, k)
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7
harmonic order, &

Jeven, spectrum, real part
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how j3 is obtained?
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Lof ]
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Jodd, Spectrum

00
jodd = Z Jgdd’ Lk COS (3]%.)01:)
k=1,3,5...

3v3 1

Jodd,k = 9k2771

jeven, SpOCtrum

(o)

Z Jeven, & €0s (3kwot)
k=2,4,6...

Jeven =

3v3 1

Jeven k== grr oy

proportional to moyr ac; going to be important

so, we have SCIN #0

e}

.
8
1



SCIN #0, heat ...

wxMaxima ... I won’t be able to complete this job manually, it’s too boring ...
472 + 37/3 — 54
Jiarms = JiIBRMS = —————F——
212
472 + 373 — 54
2 ~
PverticalRE = (JIARAIS) = T =~ 0.0228

vertically placed Rp resistors are not so hot

2m — 3v/3
JorMs = 0
7
21 — 33
Phorizontal Rg — (JCRMS)2 = T =~ 0.0865

horizontally placed Rg is much hotter, almost 4 times; why 4x?7

some relations . . .

m

'A$f -1
Jodd
m,

< = -2
Jodd

mourac _,

jeven

to be used while creating new current injection networks ...

R; and Rs

- 3
Ry = MRE =2 Rp
2 jodd 2

32=M=QRE

jeven

and now you know why “some relations” were needed for

an idea makes a new idea . ..

» power on Ry is small ...

> let’s get rid of Ra!

» result: the same as the 34 harmonic CIN #3 for Q = 0,
THD ~ 4%

> could we get @) # 07
> definitely!
» do we need it?

» well, maybe for passive resistance emulation, to be talked
about later

a few words about SCIN #0

» transformer not required
> too many resistors

» one resistor takes the most of the power

SCIN #1, separatism
vaA

ira

7:(:' ven
Ry
ve W SR,

ic = 2iodd .

=
1B
vp
some power accounting, again ...
J V21 —3V3
odd RMS — 4ﬁ

3 3 3v3
P == (Jogarms)? = = | 2— == | ~0.1298
2 8 T

3/
Jeven RMS = % 272 + 37T\/§ — 36

3 (272 + 37V/3 — 36
p—30r 8”2\[ ) ~ 0.004
T

dissipation is dominant on R;

SCIN #2, the 3' harmonic one

VA

= C/2

_ C/Q

B

U



SCIN #2, parameters
3wp = ——

1
jo = 5 cos (Bwot)

93
MAV,l*MC,lzg
R79\/§ Vi
4m Tour
» R 9x7
> ip 3Xx]
» og 3 x7T
| 4

ja, jp, and jc, the 3" harmonic injection
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jB, spectrum, real part, the 3" harmonic injection
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harmonic order, &

j1a, jip, and jo, the 3" harmonic injection
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Ppr = URir remains the same, no way to save any power

renormalization

» input currents not sinusoidal any more
» convenient to use Ipese = IoyT, instead of Ipgse = Iy
» mutual relation?

> loyr = % I, = 0.82699 I,,,, but only when the input
currents are sinusoidal

ja, spectrum, real part, the 3'¢ harmonic injection
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jo, spectrum, real part, the 3™ harmonic injection
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j14, spectrum, real part, the 3" harmonic injection
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jrp, spectrum, real part, the 3'¢ harmonic injection
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js1, spectrum, real part, the 3'¢ harmonic injection
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how 7 is obtained, the
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3'4 harmonic injection
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JR1, jro, and jgs, the 3" harmonic injection
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Js1, Jse2, and jg3, the 3' harmonic injection
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41, jo, and js, the 3" harmonic injection
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how j; is obtained, the 3' harmonic injection
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how j is obtained, the 3' harmonic injection how j3 is obtained, the 3' harmonic injection
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a note about RMSs a note about bidirectional switches . ..

o
Ja,o=Jpo=1 ?4
33
Jarms = JBrRMS = 3~ 1.0155

much better than for magnetic current injection devices » turned out to be easier than expected
(where the increase was about 13%) >

control problems, interaction with the diode bridge
» interphase shorts should not be allowed to occur ...

» primarily in the diode bridge!

conclusions “future work”

» switching current injection device
> injection only where needed
» bidirectional switches required

» control of the switches, switching at 2 fy ...
' » how to restore the power taken by the current injection

» th injecti ks sed, although th
three current injection networks proposed, although there network?

are many more
> the optimal and the third harmonic current injection
> “dominant” resistor suitable for resistance emulation

» three times lower currents in comparison to magnetic
current injection devices

» lower RMS of the diode bridge load currents . ..



