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Zakladni popis

Software PMSM designer slouzi k pfedbéZnému ndvrhu synchronnich stroji
s permanentnimi magnety. Pfesnéji tento software slouzi k pfedbéZznému urceni
rozmért synchronniho stroje, k uréeni vinuti a k tepelnému ovéfeni daného navrhu za
ucelem zrychleni celkového navrhu synchronnich strojii s permanentnimi magnety.
Po nacteni zdkladnich dat za souboru ve formdtu xls program na zdakladé
implementovanych algoritmt a dalSich parametrt zadanych uZivatelem v programu
vypocte zakladni elektromagnetické vlastnosti stroje a provede teplotni vypocet pro
jmenovity bod. Vystupem programu jsou zakladni elektrické, mechanické a teplotni
parametry stroje v jmenovitém pracovnim bodé. UZivatel na zdkladé téchto hodnot
muze dale ménit parametry stroje a v neposledni fade je zpét uloZit do souboru ve
formatu xls. Diky tomuto je mozné v relativné rychle posuzovat riizné varianty stroje
s ohledem na pozadované parametry synchronniho stroje v jmenovitém zatiZeni.

Klicova slova
automatizovany ndvrh; elektromagneticky vypocet, Synchronni stroj s permanentnimi
magnety; software, teplotni vypocet

Interni oznaceni
PMSM designer

Parametry softwaru
e Software pro predbézny navrh synchronnich strojii s permanentnimi magnety
e Import a export dat ve formaty xIs
e Grafické prostredi

Software sniZzuje casovou ndrocnost predbézného navrhu synchronnich stroji
s permanentnimi magnety a umoZnuje velmi rychle porovndvat réizné varianty
navrhu s ohledem na elektromechanické a teplené vlastnosti v jmenovitém pracovnim
bodé. Novost tohoto softwaru spociva vimplementaci elektromagnetickych a
teplenych vypoéti vjediném programu diky c¢emuz, se pfi prvotnim
elektromagnetickém ndvrhu nerespektuji pouze elektrické a magnetické vlastnosti
pouzitych materidld, ale stroj se ovéfuje i teplotné, ¢imz je zajiSténo, Ze po prvotnim
navrhu synchronniho stroje je tento stroj fyzicky realizovatelny.
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7 PMSM designer

Motor Parameters Rotor Winding Stator slot Yoke Losses Thermal

Parameter

Mechanical power [KW]
Mechanical speed [rpm]
Line-to-line voltage [V]
Number of phases [-]
Number of pole pairs [-] Frequency [Hz]: 120.0
Mechanical losses [W]
Power factor [-]
Efficiency [

‘Warming of winding [K]

- Calculate

Obr. 1: Zobrazeni zalozky Motor.



Maotor Parameters Rotor winding Stator slot Yoke Losses Thermal

Parameter

Space factor of the slot [-]
Space factor of the stator core 0.95
Conductivity of copper at 20 degrees C [S5/m]
Temperature coefficient of resistivity for copper [1/K] 0.00381
Density of iron [kg/m3]
Density of PM [kg/m3]
Density of copper [kg/m3]
Conductivity of PM [S/m] 555555.6
Specific loss of this material at 1.5 T and 50 Hz [W/kg]
Coercivity of PM [A/m]

Remanence flux density of PM [T]

Tangential stress min [Pa]

Tangential stress max [Pa]

First coefficient for average length of a coil turn [-]
Second coefficient for average length of a coil turn [-]

Correction coefficients for stator voke loss [-]
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Correction coefficients for stator tooth loss [-]
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Correction coefficients for additional losses [-]

Obr. 2: Zobrazeni zalozky Parameters.

Motor Parameters Rotor Winding Stator slot Yoke Losses Thermal

Parameter Value

Rotor diameter include PM [m] Opt. value.: 1.129 - 1.487
Axial length [m] Opt. value.: 0.222 - 0.292
Number of ventilation ducts [-] D
Width of ventilation duct [m] D

Air gap length [mm] Min. length: 1.687
Tangential stress [Pa] 33126 Limits: 21000 - 45000

Obr. 3: Zobrazeni zalozky Rotor.



Motar Parameters Rotor Winding Stator slot Yoke Losszes Thermal

Parameter Value

Number of slots per pole and phase [-] Corresponding fraction: 3/2
Coil span [-] Pole pitch: 4.500
Number of parallel paths in windings [-] Two layer winding
Number of conductors in a slot [-] Optimum: 24
Number of turns in a winding [-] 144

Winding factor [-] 0.9452

Number of PM in tang. direction

Relative permanent magnet width [-] 0.7879 Optimum: 0.889
Fundamental air-gap flux peak density [T] Limits: 0.8 - 1.05
Linear current densit [kA/m)] 61.6 Limits: 35 - 80

Winding distribution of the first phase in the slots
[2100-1-2000]

Obr.4: Zobrazeni zalozky Winding.

Motor Parameters Rotor Winding Stator slot Yoke Losses Thermal

Parameter Value
Width of the stator teeth [mm] 8.244
Dimension hl [mm]
Dimension h2 [mm]

Dimension h4 [mm] 0. Total slot height: 74.0

Dimension bs [mum]

Dimension h3 insulation [mm]
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Dimension h insulation [mm]

Stator current density [A/mm Estimated value of stat. current: 243.5

Actual area of one conductor in a stator slot [mum?2] Minimum cross section: 10.7

Wound area of the stator slot [mm?2] 838.1

Total area of the slot [mm?2] 851.0 Free area: 677.2
Flux density in the stator tooth [T] Required: 1.6
Magnetic voltage of the tooth [A] 250.6

Field strengths in the teeth [A/m] 3508.8

Obr. 5: Zobrazeni zalozky Stator slot.



Motor Parameters Rotor Winding Stator slot ‘Yoke Losses Thermal

Parameter Value

PM height 10.0 Minimum: 5.8

Magn. flux in stator yoke [T]
Onter stator diameter [m] 1.100 Minimum: 1.089

Magnetic voltage [A]:
PM: 4.6
Air gap: 1729.0
Tooth: 259.6
Stator yoke: 4.5
Rotor yoke: 4.0

Total: 2002.1
Obr. 6: Zobrazeni zalozky Yoke.

Motor Parameters Rotor Winding Stator slot Yoke Losses Thermal

Inductances [mH]: DC resistance of a phase winding [Ohm]:
Magnetizing inductance: 9.842 at 20 °C: 0.043
Air-gap leakage inductance: 9.842 at 100 °C: 0.056

Slot leakage inductance: 2.083
Tooth tip leakage inductance: 0.186
End winding leakage inductance: 0.320

Total: 12.573
Losses [W]: Currents [A]:
Core loss in the stator yvoke: 3361.6 I s:243.548
Core loss in the tooth: 5961.3 I_d_; -141.633
Total iron losses: 9322.9 I q:198.130
PM losses: 230.3 Load angle [deg]: 1.429
Additional losses in the machine: 5000.0 Power factor of the machine: 0.738

Mechanical losses: 3000.0
Stator resistive losse: 9928.7

Total losses [KW]: 27.482
Input powe [KW]: 1027.482
Mechanical power [KW]: 1.000
Efficiency [%]: 97.33

Obr. 7: Zobrazeni zalozky Losses.



Motor Parameters Rotor Winding Stator slot Yoke Losses Thermal

Popis Hodnota

[ Enable f lir
Ambient temperature [°C] fable lan cootng

Quter fan cover diameter [mm] (1350.0

Perimeter of fin plate [mm] 270.0

Heat transfer coeficient to ambient [W/m2K] |500.0
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Operating altitude [m]
Frame length [mm] 1300.0 Air flow quantity [m3/s] LLLLL
Quter diameter of frame [mm)] 1260.0
Thickness of frame [mm] 70.0
Thermal conductivity of frame [W/mK] 60.0
’ Temperatures:
Bearing width [mum] 100.0
Outer diameter of bearing [mm] 500.0 Mean temperature of stator winding [°C]: 51.5

Stator teeth temperature [°C]: 84.2
Thickness of endshield [mm] 30.0 Stator core temperature [*C]: 59.2

.. . N Magnet temperature [*C]: 83.4
Thermal conductivity of endshield [W/mK] 60.0

Rotor core temperature [°C]: 82.6
Diameter of conductor without izolation [mm] |5.352 Maximal temperature [°C]: in Sheets 84.4
Diameter of conductor with izolation [mm] 5.848

Thickness of slot izolation [mm)] 20

Thermal conductivity of izolation [W/mK] 0.3
Thermal conductivity of magnet [W/mK] 10.0
Bandanding thickness [mm]
Shaft diameter [mm]
Number of fins 0

Thickness of fins [mm)]
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Total length of shaft [mm] 1766.0

R con

Obr. 8: Zobrazeni zalozky Thermal.

Vstupni data

Pro spravnou funkci programu je potiebné nacist vstupni data ze zdrojového souboru
ve formatu xls, ktery je nedilnou soucasti programu. V tomto souboru jsou veskeré
navrhové parametry pouZzivané v programu, takZe uZzivatel je miize témét libovolné
ménit. Druhou moznosti, jak ménit jednotlivé parametry, je pomoci grafického
prostfedi programu po jejich nacteni programem.

Navod k pouziti

Vyvinutd software pracuje a spustitelny na platformé Windows 10.

Po spusténi programu je uzivatel nahraje zdrojovy soubor ve formatu xls. Po
uspésném importovani dat z tohoto souboru do programu jsou v grafickém prostredi



programu zobrazeny jednotlivé parametry, které miize uzivatel témér libovolné
ménit, tedy s ohledem na redlné parametry navrhovaného stroje.

Popis jednotlivych zaloZek a tlacitek programu :

Zalozka Motor je urcena k zadani zdkladnich parametrt navrhovaného stroje.
Zalozka Parameters je urcena k zadani zdkladnich vypoctovych parametrii
pouzitych pfi ndvrhu synchronniho stroje.

Zalozka Rotor je urcena k navrhu zdkladnich rozmért rotoru.

Zalozka Winding je urcena k navrhu statorového vinuti.

Zalozka Stator slot je urcena k navrhu statorovych drazek.

Zalozka Yoke je urcena k navrhu statorového jha.

Zalozka Losses je urcena k ovérfeni elektromagnetického navrhu synchronniho
stroje.

Zalozka Thermal je urcena k ovéfeni teplotniho navrhu synchronniho stroje.
Tlacitko Calculate slouzi k prepoctu vSech parametrti stroje.

Tlacitko Save slouzi k uloZeni vSech proménnych do souboru fomatu xls.

Minimalni systémové pozadavky

Windows 10, nebo vyssi.

Jakykoliv Intel nebo AMD procesor s architekturou x86-x64.
Minimalné 2 GB prostor na pevném disku.

Minimalné 16 GB RAM.



