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Modeling

The nonlinear stator voltage equation in the (a, b, ¢)-reference frame and (d, ¢, y)-reference
frame is given by [2]
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In the identification scenario, the stator currents becomes 77 = %97 = 05, and (1) yields
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The time derivative of the permanent magnet flux linkages can be partially derived into
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Thus, by inserting (3) into (2), the back-EMF voltages are given by (3)
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The aim is to express the partial derivative . of the permanent magnet flux linkage

with respect to mechanical angle ¢,, analytically as the sum of trigonometric functions [4]
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and to |dent|fy all harmonic orders v € H, ¢ :== {v1, V9, ..., 1, }, amplitudes \Ilzmcﬁy and phase
offsets qbemfy From (3) and (2), it follows
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where the analytical expression fznff(qﬁm) can be parameterized from the quotient of measured
back-EMF voltages ugf’rff(t, ®.,) and measured mechanical angular velocity w,,

Proposed identification methods

The ldentification
scenario involves
accelerating the machine
towy = 115 %, followed
by the opening of the
inverter switches at ¢ = 0s.
Subsequently, the harmonic
decomposition (6) is
conducted during the time
window t = 0.1s and

t = 1.8s, where i%¢ = 0,
(see red-marked region).
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Analytical integration and transformation

Now the analytical expression (5) is integrated to obtain an analytical permanent magnet
flux linkage prototype function ¢“bc The analytical integration over ¢ is
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and with the substitution ruIe [1, p. 361], (7) can be integrated over ¢,, to
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To describe the permanent magnet flux linkage in (d, g, )-reference frame, ¢abc as in (8) is
analytically transformed with Clarke and Park transformation into

\/]?gm v,+ COS ¢p+npy¢m+$gm,y,+ {]?gm v,— COos ¢p+npy¢m+$gm,y,f
d o~ ~
¢ QV(gbp’gbm) Z \Ijgrn vt €08 (Gp 1V G+ 0,y ) |+ D \Ijgm v, €08 (Pp+ny V¢m+¢gm v,—

Vet \ W 4 €08 (Gp+npGm+ O,y ) ) Vet \ W, cos (ép+1pp O+ O, -

(9)
Please note that for a generic modeling where ¢, is an independent variable, the Park
transformation angle ¢, and mechanical angle ¢,, remain separate. It can be seen that
¢p +npvdn and ¢, — n,rey, correspond to the positive and negative sequence, respectively.

Experimental Validation
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