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EXPERIMENT CONVENTIONAL MODEL
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Below 100 KHz
 C(lear discrepancy
* Induction L variation

Lyar = a3 X (f)*2
* Resistance Ry variation

Ripar—tow =03 X(f)*+ a, x f+as

RLvar—high = Qg X \/f+a7

 Must introduce many variables
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Optimization
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Stator A, With epoxy
890.71 1.08E-5 4.14 17774 05 0.61 1.64E-5 6.19E-5 1.13E-5 1894
I 966.12 054 481 17579  0.33 077 1.6E-5 6.16E-5 1.08E-5 1768
(PSO) IETEM 94043 1E-10 5.1  179.19 077 103  1.6E-5 6.15E-5 097E-5 1058
an optimization algorithm 93242 0.18  4.68 177.57  0.53 081 1.61E-5 6.17E-5 1.06E-5
Estimate each parameter Stator B, Without epoxy
within equivalent circuit 1261.6 0.0068 742 21032 045 106 1.62E-5 5.99E-5 1.13E-5 3353
I 15593 149 935 20146 7.05B-5 1.06 1.54E-5 5.94E-5 1.25E-5 3002
IEEN 15283 0.87 9.6 20139 233E-8 1.08 1.56E-5 5.91E-5 1.25E-5 1525

ECEE 14498 0.79 8.79 204.4 0.15 1.07  1.57E-5 5.95E-5 1.21E-5

Particle Swarm Optimization

Stator with epoxy, Phase 2

Impedance [Ohm]
Imped [Ohm]

|
§) §) §) §) H H H

Unit Q Q

Upper 1E4 1E2 1E2 1E4 1E2 1E2 1 1 1
bound

1E2 1E-10 1E-10 1E2 1E-10 1E-10 1E-8 1E-8 1E-8
bound

Phase [deg]
Phase [deg]

CENTRE FORMECHATRONICS AND HYBRID TECHNOLOGIES

Stator without epoxy, Phase 2
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NOVEL HIGH-FREQUENCY MODEL
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L, and L,: inductance

(7 and C5: capacitance

Lp : skin and proximity effects

R, and R, : dissipative effects caused by iron losses

R-{ and R, : dissipative phenomena due to high frequency capacitive currents
R;1 and R;, : the winding resistances

ANALYSIS

Physical meaning

R, and R, : represent dissipative phenomena due to eddy currents in windings and
laminated iron core. Since there is no epoxy in stator B, it has more magnetic flux
penetration into the iron core. There generates more eddy current within the iron
core, resulting in more dissipative phenomena.

L{ and L, : related to resonance frequencies wl and w2. Smaller w values lead to
bigger L values

R4, R,, L{ and L, values

converge to a small range within stators (with epoxy);
have large discrepancies from the stator without epoxy;
numerically reflect the impact of epoxy.

Conclusion:
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Novel high-frequency model for a hairpin-based winding phase within BLDC
Includes the skin and proximity effects

Significantly reduces the model complexity

Numerically reflects the impact of epoxy

Presents physical meanings
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