Al - FE/\4A
#H : Genetic Programming-based symbolic regression for electric motor temperature
488 : R07921061 EBF3 R08921110 =15 D07921004 sREE

—. HE  TFHESE rotor FUEERE(ESBIZEZE , LA Genetic Programming IETE&E DT, I
BREREHSESRETFERNBERE , 2SR, SREEMMENRESER |, EFERESEIL
E5ETESE rotor JBEETEIIETEE:,

Z. BN mREEETES , BENEENERE T EERVIRED , MELEEEMELTER stator B
rotor 485 , $&H stator E2 rotor FYEZZ E{EFREEEN rotor WEELETEIRAVEES), AMIFEMNEE
EEEENHEERERS  BI0IsRIEm rotor AZRKAMEBIBFEERE , EMmAREEME | 85
BREIRIRIZZEAERIRXK | XEAAE rotor BRI SEREENREEEL BEETIIRNRERIERE |, HEE6eE
F8 Genetic Programming EEH T /ERERNREEIRLAZIRE rotor EEZBEFRENENRFEIE |, 5
B LAB G S E IE R SR A IEEIE(F.

=. Data set /MBEEADHT
(—) Feature 3%78H

Feature 53RH
(1) | rotor Permanent Magnet surface temperature
temperature
(2) | Stator yoke Stator yoke temperature measured with a thermal sensor
(3) | Stator tooth Stator tooth temperature measured with a thermal sensor.
(4) | Stator winding Stator winding temperature measured with a thermal sensor.
(5) | Ambient Ambient temperature as measured by a thermal sensor located closely
to the stator.
(6) | Motor speed Revolutions Per Minute
(7) | Ua Voltage d-component
(8) | Uq Voltage g-component
9) |la Current d-component

(10) Iq Current g-component




(Z) Feature HENEZ ~EE

Permanent magnet

g-axis

Stator tooth d-axis
Stator winding
Rotor

~ Ambient I
Stator yoke

Motor speed

(=) HEEFEED T

09
rotor temperature 033 0.08 0.10 0.09
stator_yoke 018 0.04 011 0.18 0.10 06
stator_tooth 033 £0.07 015 0.03
stator_winding 039 015 013 0.06 03
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motor_speed - 0.33 018 033 039 a0
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b, EisER

«  Selection: tournament

-  Crossover: subtree iy crossover

«  mutation: {FF=%& ( 1 ) subtree mutation ( 2 ) point mutation ( 3 ) hoist mutation
« Terminal set: leaves #F2 features Z¢2 constant

+  Fitness evaluation: RMSE

BiE(a) :

0= Function set = {+, -, *, /}

Population

Generation

R2_score

15000

30

0.61

EE% (b) : 0N neg. min, max, sqrt, abs, cosO, tanf, sinB

Function set = {+

, -, *,/,neg,min,max,sqrt,abs,cosB,tanf,sin6}

Population

Generation

R2_score

15000

30

0.68




EE% (c) : Penalized fitness

Function set = {+, -, *, /, neg, min, max, sqrt, abs, cos8, tan6, sin6}

Fitnessy,,, = Fitness,;q + len(leaf — root node) * Penalty L1
Population Generation R2_score
15000 20 0.65

min(max(statorWinding, ambient),

(—0.208*xstatorWinding)+

((statorTooth)—ig*(—0.208)*statorWinding)))
h. ERRERWR

(—) W88 (a) ~ (b) FHREBESEERE FTEFHEE function set AJLAEE R2_score 12Tt
ERE RS,

(Z) %888 (b) ~ (¢) BRAEERZSEEE FEFKFIFEEE Penalty function I 1) ,

{H1SFE fitness —XiF |, B tree REHR , BETEEWS , 17T tree reduction , FASRIEEZHIAY
R2_score EEAANGER, BINTIUIERE Penalty SMEAAE , tree BHEEIEMMNGER—E
node,

(=) EERARIEIR | 8B E rotor temperature HHEAREEYEAY feature HIRFE GP EERIATC
th , BRI A LAERZRE rotor temperature REAPUIE feature BEE , DRIZ :

i,. stator winding. stator tooth, ambient , HAri, A&a[#Z=EF , stator winding. stator
tooth, ambient BIZiEEF.
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