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Multi-phase Syncronous motor (m=5)

Electrical part
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Multi-phase Syncronous motor

Mechanical part

1d(Jrwr) ' differential equation describing
g e the mechanical part

Energy stored in the electro-mechanical system:
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E(1,wy,6,) = EIJLI + 1" ®.(pb,) + aerf

Kf_ (9) I = electromotive torque

KT (9)@ = counter-electromotive forces

Function ¢.(0) of chained rotor flux can be developed in Fourier series of
cosines with only odd harmonics, so vector K (6) can be written as:
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POG scheme of the multi-phase motor
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State-Space description of the system:
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Orthonormal transformations

Let’s consider the following orthonormal transformation and then apply
it to the system:
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The system dynamic equations become:
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where the transformed matrices are:
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The torgue vector

k

In the transformed space the structure of the torque vector is quite simple:
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This term is not
present if the phases

o
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are star-connected:

e The “d” and “g” terms have only harmonics with frequency multiple of 2m
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“quadrature” terms

e The harmonics of the last term don’t influence the “d” and “qg” terms
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The torgue vector

Proposition 1. The torque vector can be constant only if the flux vector can
be expressed in Fourier series as follows:

m—2
o(0) = Z a; cos(i )
i=1:2
All the constant components of the torque vector are obtained for n=0:
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Main result. Among all the fluxes providing a
constant vector, the one that minimizes the
module of the current vector (and therefore

the dissipated power) is given by:

o(f) = cos((m —2)8)




POG scheme In the transformed space
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POG Blocks iIn Simulink

LC]Library: POG_Electric_Blaks =101x] POG m-phases Syncronous Motors
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POG Blocks iIn Simulink: the musk

E Function Block Parameters: POG m-phases Synchro
POG m-phases Motors: ~POG MukiPhase Motor (Rotating Frame] (mask) fink]

Multi-Phaze Permanent b agnet Synchronous Motor:
[m. p] = MHumber of mator phazes, Polar couples;
[Me. Star] = Mumber of coils per phaze. Tupe of phase connection;
[Ri. Li. Ki] = Resistance, Self inductance, kMutual inductance of each phase;

[dm, bm] = Inertia momentum, Friction coefficient of the rotor;
FOG b [Phir, Mar] = b aximum swalue of the rotor fus, Mumber of Fourer harmonics;
m-phases [, ThraO, lw0] = Initial conditions on Velocity, Position of the motar and Currents;

Synchronaus Machine
Rotating Frame Type of Rotor Flux [Tipo): Trapezoidal [1.alfa); Trangular [1, 0]; Squared wave [2];
Sinuzoidal [3]; Cozinuzoidally connected [4,alfa]; Sinuzoidally connected [5,alfa];

Polynomial even [B.alfa,arado g); Polpnomial odd [¥.alfa,grado r): Trapezoidal if derived
[8.alta):Fourier defined [3.Maz, Compdi];

—Parameters

Mumber of phazes, Mumber of polar couples: [m, p] -» [Mr, Mr]

Types of rotor flux: [ p]

1 \ T rapezo | d al Il‘s[l:m:r ?f cailz, Star connected?: [Me, Star] -» [Mr. [True, Falze]]

. o Star
2 . Trl ang u Iar Electric Parameters: [Ri. Li. Mi] -» [Henm, Henm, Okm)
3. Squared wave [[Ri LiMil
4. Sl nuso | d al Ih;a::?;ar;i::al Parammeters: [, bra] - [kgm™2, M m sdrad]

. . m bm

5 - COSI n USO : d al Iy conn eCted h aximurn value af the ratar Fux, Humber of Fourier harmaonics: [Phir, Har] -> [, Mr]
6. Sinusoidally connected [IPrir N
7. Po |yn omial even Iritial conditions: [wm0, Thmd, Iw] > [rad/s, rad, &]
8. Polynomial odd i Thd: )
9 ] Type of Botaor FIu:-:I Fourier defined LI

Trapezo I dal If de rlved Components of the Fourier zeries: [9, Mmax, Compad] -> [9, Mr, al, al. ..., aMr]
10.Fourier defined [Tipo

The stator can also be “star connected” i Cancel Help sonly




POG Blocks iIn Simulink

The POG block diagrams can be directly inserted in Simulink !!
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Simulations (1)

The POG scheme has been implemented in Simulink.

Simulation implemented with cosinusoidal interpolated rotor flux
with 200 harmonics.

Phase currents “I in the transformed frame X,
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At time t=2s the load torque T, switches from O to 100 Nm



Simulations (2)

Simulation implemented with even polynomial interpolation (q=2,a=n/5)

Counter-electromotive voltages are trapezoidal e T
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At time t=1.5s the load torque T, when velocity is small
switches from O to 100 Nm
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Conclusions

e Power-Oriented Graphs (POG) are a simple and
powerful graphical technigue that can be used for
modelling all types of physical systems involving
power flows.

e POG are easily understandable, simple to use and
suitable both for teaching and for research.



