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Quaternion, four-dimensional hyper-complex num-
ber, is good at dealing with description of three-
dimensional rotation as seen in three-dimensional game
graphics programming theory!). Now, instead of trans-
forming three-phase AC to two dimension, to repre-
sent three-phase AC in three dimension, let’s introduce
quaternion, which is extended from a complex number?).

g=a+ivg + ju, + kv, =a+v (1)
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Let’s assign three-phase AC phase (line-to-neutral)
voltages to vector part of quaternion.

v = \/§V{+i coswt + j cos(wt — 2m/3)
+ kcos(wt — 47/3) = T2/ Ve wt/2 3)

A= (+i+j+k)/V3 0

Vo = {+i + jcos(—27/3) + k cos(—4m/3)}
Namely, it represents that the initial three-phase (posi-
tive phase) AC voltage vector Vj rotates in counter clock-
wise with an axis of unit vector 7.

In order to manipulate the three-phase AC simi-
larly as complex vector (phasor) of single-phase AC and
symmetrical coordinate method of three-phase AC, let’s
introduce biquaternion.

h? = —1,ih = hi, jh = hj, kh = hk (5)

Namely, we add a complex number h to the quaternion,
which is exchangible with quaternion and independent
from quaternion. And we assign complex vector rep-
resentation and the exponential representation of each
phase to the complex number h.

v = \/§V{+i€h(wt+¢) +j6h(wt+¢—27r/3) + keh(wt+¢—47‘r/3)}
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V, = {ich® 4 jeh(6-2n/3) | h(o—in/3y 7)

Namely, let’s combine the effective value and initial bi-
quaternion into biquaternion, and we can obtain the
same representation as the complex vector representa-
tion of single-phase AC. And we have only to use unit
pure quaternion 7n instead of imaginary number j.

In complex number equation v = C'u, we can calcu-
late the transformation C' = v/u by dividing the number
v by the number u. Similarly in switching equation for

matrix converter, we can express the three-phase input
and output voltages by using quaternion.

E+nwotVO — QE—&-nwitV'i (8)

In this case, the switching quaternion Q is calculated as
follows.

Q _ €+nwotVO(‘/i)—1€—nwit
— T€+n(w07wi)t (9)

Here, r is the voltage transfer ratio. The above quater-
nion equation is re-expressed by vector equation with
switching matrix.

€+nwotvo _ T€+n(w07wi)t€+nwit‘/i (10)
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cos(w;t — 4m/3)

Wi = We — W; (12)

For all components to be larger than 0 and smaller than
1, we have only to multiply 1/2 and add 1/2. But that’s
too bad, the summation of three elements in each row is
not constant and cannot be made unity by any means as
far as we consider in phase voltage.

By considering the line-to-line voltage, we can de-
duce original Venturini method.

cos(wot — 07/3) 0 +1 -1

Vo |cos(wot —27/3)| = |—=1 0 +1| -[rhs of eq.(11)]
cos(wot — 47/3) +1 -1 0
. |sinwmt sin(wpt +27/3)  sin(w,t + 47/3)

= — |sin(wmt — 27/3)  sinwp,t  sin(wmyt + 27/3)

V3 sin(wy,t — 47/3)
cos(w;t — 07 /3)

Vi | cos(w;t — 27/3) (13)
cos(w;t — 4m/3)

sin(wpt — 27/3)  sinwp,t

Concerning improved Venturini method, third higher
harmonics of desired output phase voltage and input
phase voltage can be added, since the harmonics con-
stitute zero space about the transformation from phase
voltage to line-to-line voltage. The quaternion character-
istics will be utilized to analyze matrix converter based
on improved Venturini method and space vector method
in more detail.
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