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Cuprins

O Masini electrice cu magneti
pgrmanenti

Q KMasini electrice cu reluctantd
Masini electrice hibride
Masini electrice asincrone
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Compararea masinii cu MP plasati
pe raze, consecvent, cu alte masini
cu MP plasati consecvent
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Compararea masinii cu MP plasati

. Univ. de

pe raze, consecvent, cu alte masini aeronauticd si
astronautica din

cu MP dispusi consecvent [4] Nisiiiuing, Sl -2
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Fig. 11. Varation of torque with rotor position

Fig. 15 Power versus operation speed of the four machines
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Avantgje fatd de masina cu MP/S, disp. consecv.,

cu acelasi volum de MP :

« Cuplul mediu mai mare cu 14%,

« Pulsatii de cuplu reduse cu 5,3%

» Fluxul de scapari frontal, practic eliminat.

* Masina cu CMPin V, are cea mai buna slabire

0 & ” 0 30 ® 90 de cdmp, dar are densitate de cuplu redusa si
SRS BN o flux de scapari frontal important.
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Fig. 12, Torque versus current angle of the four machmes.
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Compararea motoarelor cu MP plasati
pe suprafata, consecventi, cu infasurari

Univ. din

[ [ (]
concentrate sau distribuite [5] Sheffield, UK
Al
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= ad 2 m C/d: 48cr/8p, inf. concentrata / distribuita
F \ . b 1 = N .o
al ( ] _ K ‘ ) A Concluzii:
, Motoarele cu inf. concentratd au o capacitate
l : "N Y mai mare de slabire a campului si, deci, de
a a” o L, extindere a domeniului de viteze, cu putere
. s constanta dar au un randament mai redus.
AL T — . .. . .
W\ AN T Avantajele structurii cu magneti consecventi:
! . i | Al .
SO\t £ 0 AT e o Oreducere de cca. 33% a volumului de MP,
i ‘-‘\.-l-
| A1 AS 2 . q
( ) 4 \ ( ) 8 pt. aceleasi performante, (MP virtual)
¥ ' s =
’“!_';' : .w? :",
\ ’ 8 Yl A16
AL gt ek 7 b et o 15
A vy }’k"a Y
l""““;'- A8 Al T}‘;'j"fuq
¢l (d)
\
ISSN / ISSN-L: 1843-5912 5/30 135/253

https://www.doi.org/10.36801/apme.2019.1.14



ACTUALITATI SI PERSPECTIVE iN DOMENIUL MASINILOR ELECTRICE - 2019

Motoare cu plasari diferite ale MP
consecventi si infasurari concentrate

° ° ° Univ. di
sau distribuite [6] Sheffiold, UK

a/b: 12cr-8p/48cr-8p SPM, concentratd / distribuitd
c/d: 12cr-8p/48cr-8p I-IPM, concentrata / distribuitd
e/f. 12cr-8p/48cr-8p V-IPM

Concluzii
 La acelasi vol. de MP, motoarele cu MPC-S au
cuplu mai mare decat cele cu MPC-I
« La aceeasi structurd, motoarele cu MPC cu inf
distribuite au un cuplu mai mare
@ « Capacitatea de reducere a fluxului este mai
y T mare la motoarele cu infAsurdri concentrate, si
MPC-I decat la MPC-S
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Rotor cu MP, cu consum redus de material
magnetic [15]

BMW-i3 rotor New PM rotor

Pole pairs [-] 6 6

Stator slots [-] 72 72

Rotor poles -1 12 12

Stator diameter [mm] 242 242

Rotor diameter [mm] 178,6 178,6

Gap length [mm] 0,76 0.8

Stack length [mm] 132,3 132,3

Stator winding

Single layer distributed winding with q=2

25 7 36
Magnet-1 [mm] 12-magnets 4-magnets

5 9 5

13 " 24
Magnet-2 [mm] 12-magnets 4-magnets

22 Y 5,4
Magnet weight [ kg ] 19 1,25
*) estimated
137/253




ACTUALITATI SI PERSPECTIVE iN DOMENIUL MASINILOR ELECTRICE - 2019

~

Motor cu amestec de MP plasati in interior [16]

250
Torque

(Nm) 500

150

(a) Blended 2-V1 model I:b] Blended 2-V2 model 4000 8000 12000
Fig. 2: Blended magnets. V-shaped IPM (Nd in grey. ferrite in purple) Speed (rpm)

Referinta - Toyota-Prius 2010

- Varianta cu plasarea pe raze a
amestecului de magneti reduce cu
60% volumul MP pe bazd de Nd, iar
performantele (cuplu, dimensiuni,
demagnetizare) sunt aceleasi.

‘a) Spoke. Nd shorter than ferrite  (b) Spoke. ferrite and Nd equal length
Fig. 3: Blended magnets. spoke IPM (Nd in grey, ferrite in purple)
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Extinderea domeniului vitezei motoarelor
sincrone cu MP si doua statoare, prin
comutarea in serie a mfasurarllor [3]
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Motorul sincron cu MP si doua statoare, cu
comutarea in serie a infasurarilor

¥ N e SRR
' , v fa

o i Sy
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5.4

Inner stator Rotor Quter stator

School of Electrical Engineering, Southeast University, Nanjing, China
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Motor sincron cu MP: 300 kW, 17.000 rpm, eficienta

99.2% si putere specifica 14,4 kW/kg [14]

* Masinile comerciale, cu puteri
ordinul MW, au cca. 6,6
W/kg (materiale active)

Solutia realizata: stator fard
crestaturi, rotor inelar cu MP
pe suprafata, 10 poli, Mn =
169 Nm.

« Destinatie: viitorul avion hibrid
turbo-electric

 Dimensiuni: Ds = 230 mm, Ls =
115 mm, h-MP = 12,25 mm
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Permanent
Mamets

Rotor
Shaft

End
Plare

Retaning
Sleeve

Cobalt-Iron Alloy
Copper

Maraging Steel
NdFeB N42H
M19 Steel
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GOES Teceth
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SMC Pole
Pieces

Ferrite
Magnets

12/30

Motor cu MP, cu rotor conic dual si circuit
magnetic compozit [13]

Aplicatii

Actionarea fturbo-

compresoarelor

(produc forte axiale):

 Pentru 1,5 W, la 6000 rpm,
F=145N

« Pentru 350 kW, Ia 8000 rpom,
F=3100 N
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,——carbon fiber sleeve
/ ~—alurminum outer rotor core

——Halbach array
soft iron

Quter rotor),

_~——winding

_~——stator teeth

' carben fiber sleeve
Inner rotor |

N, —Halbach array
‘—inner rotor core

Dual-Rotor machine with Halbach PM array

\
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Motor sincron cu MP, cu doua rotoare, pentru o
motocicleta de curse [20]

TABLE IL PARAMETERS OF OPTIMIZED MACHINE

Parameter Value
Phase Current. rms [A] 450
Phase Voltage. rms [V] 295
bEMF. rms [V] 230
Fundamental frequency [Hz] 2100
Reference speed [rpm)] 9000
Reference torque [Nm] 300
Reference power [kW] 283
Number of pole pairs 14
Number of slots 24
Efficiency 96.6%
Current density [A/mm’] 27
Power density [kW/kg] 18.6
Total mass [kg] 15.2
Rotor inertia [ke'm’] 0.067

Univ. din Nottinghamm, UK
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HEAT TRANSFER FIN ———__

Motor YASA racit cu aer, pentru o

STATOR SUPPORT ——¢

vehicule cu roti motoare [21] - &

WINDING —f&=
(enamalied copper)

ROTOR COREBACK — {8

D=380mm; L=125mm; Mn =70 Nm, Ro'rnf:::
n =350 - 1400 rom

(Stainless stesl)
Yokeless and Segmented Armature (YASA)

200 ¢ P et
180 + i
F i
_ 60t
U f - -
E 120 ¢
2100 PO, "o ALLMINIUM HEAT (stainless steel)
p— 2 HE
= Haalsink, 10,3%Amm TRANSFER FIN
2 gt “~ RADIAL POLE 1
B  SHOE EXTENSION
E &0 ¢ - COPPER WINDING \
2 ' " SMC BOBBIN
N \

SLDTS TO REDUCE
EDOY CURRENTS

\ \_ BEARING SEAT
\ (stainiess steel)

BEARING

0 02 04 06 08 1 12 14 16 18 2 STATOR— %

Time (s) <10t . . ; CHEEK PLATE
\\ Univ. din Nottinghamm, UK (akuminium)
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Motorul cu flux axial al firmei "Magnax”

« Densitatea puterii maxime:
15 kW/kg

« Densitatea puterii
continue: 7,5 kW/kg

* Motorul BMW cu combustie
interna pentru motocicleta
are doar: 2,7 kW/kg

https://newatlas.com/magnax-axial-
flux-electric-motor/54821/

\
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Motorul cu magneti raciti cu apaq,
plasati in spite

POWER CONTROL UNIT

FROMT COVER

REAR COVER

COOLING JACKET

= Comparatie cu motorul cu flux radial, conventional:

= 50% volum, 80% masa, 75% material magnetic.

= Comparatie cu motorul Siemens pentru avionul electric:

= 9 kW/kg fata de 5 kW/kg, mai ieftin si mai usor de fabricat.

= Destinatie: automobil cu 4 roti motoare, cu autonomie extinsa -
Incarcarea bateriei cu o turbind cu gaz, cu turatia de 120.000 rom

https://newatlas.com/equipmake-electric-spoke-motor-interview/54694
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Motor cu reluctanta comutata, cu
1 milion rpm [1]

3 Paril s
Liour gui=2 mm.  s(Grny Par)s, 3D View

r
7

Z
Right View j ;
X y
-; 4 7
Contucling ,* b A
Surfaces Fva_ | Higlwest
Stress
Locations
Front View Up View

* Frecventa tensiunii de alimentare:
33,3 kHz,

« 50 tole/2mm = 0,04 mm

« Lagare cu aer
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Motor sincron cu reluctanta duala, adaptata [18]

Bs phase Cy phase

H-bridge inverter H-bridge inverter
[T

Motor
Ay phase
3 Il |
Ax h 1 T Ay
v, e
An 1 'I l"ui
|
1. '
Ay - + {}-‘t,:
NI 1
A';'. pha:'ic : H-bridge inverter H-bridge inverter
Cs phase By phase

(b) Configuration of windimngs with inverter circuits.

= MS cu reluctantad comutata (SRM) — are
densitate de cuplu mare, la nr mare de
poli, dar pierderi mari - pentru turatii mici

= MS reactiv — are pierderi mici dar densitate
de cuplu redusa — pentru turatii mari

(k) Operation of the SynRM mode.
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-

Cresterea densitatii de cuplu la masinile cu dubla

alimentare, fara perii, cu modulator de camp cu
reluctanta, [10]

Primary stator Secondary Drive-end Front-end
winding stator winding | Converter |  Converter
) ! —
Tl dC
de dc Grid/
Grid/
3-phase o — [~ 3-phase
ac supply ac ac ac supply
; dc || L/
Tertiary Drive-end
stator winding |Converter ||

Masinile cu dubld alimentare au puterea convertorului electronic de doar 25% -
30% din puterea masinii.

Propunerea 4-2-8 poli statorici produce un cuplu mai mare cu 26% fatd de solutia
de referinta 4-2 poli statorici
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Motor sincron cu reluctanta, de mare
viteza, pentru vehicule electrice [7]

Univ. din Aquila,
Italia + Mircea

https://www.doi.org/10.36801/apme.2019.1.14

Popescu
TABLEL.  TRACTION MOTORS FOR ELECTRIC VEHICLES s L o
Vehicle Motor type Rotor material Max Speed DC Voltage v 800
[rpm] Specific Peak Power kWkg |40
Audi e-tron IPMSM RE PM ~10000 Specific Peak Torque Nmkg [»8.0
BMW 13 IPMSM RE PM 11400 Peak Power @S000rpm kW 200
Chevrolet Bolt IPMSM RE PM 8900 Peak Torque @35000rpm Nm  [380
Hyundai e-Kona | PMSM RE PM 11000 Peak efficiency % > 95
Jaguar I-Pace PM SynRel Fermrite/RE PM 13000 Maximum speed rpm (18000
Mercedes EQC IPMSM RE PM ~10000 Power (@ max speed kW |50
Nissan Leaf IPMSM RE PM 10500 Motor mass kg < 48
Renault Zoe Svnch. motor | Wounded Rotor 11300 Outer Stator diameter mm 230
Tesla S IM Cu cage 16000 Stack length mm 1200
Air-gap length mm (0.7
Nr optim de poli:intre 4 si 8 (2 poli—raport d/qg
mare dar densitate de cuplu redusq)
Coasta radiald conventionald scade capacitatea
de extindere a domeniului de viteze
ISSN / ISSN-L: 1843-5912 20/30 150/253
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Motor sincron cu reluctanta, de
mare viteza, pentru vehicule
electrice [7]

TABLE IV. COMPARISON OF THE PROPOSED SOLUTIONS (6-POLES)
Performance no radial ribs | radial ribs |optimized ribs
Peak torque Nm 430 358 384
Peak power kW 287 230 250
Peak efficiency % 97.6 96.9 97.1
Power (@ max speed
o ‘W 5 58.5
(18000 rpm) X 130 3 8
i Fig 11.SyoRsl motor with radill ribc i demury map & macieess
R S 0.64 0.46 0.51 e |
@ 200KW I
pomes fhokon 0.61 0.41 0.46
@ max speed
Max ion @ =
Max deformation @ i 6.6 74 H
air-gap
Max equivalent stress  MPa - 364 361 '
Iﬁﬁf‘:ﬁdmmMrﬂrﬁMHunm
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Un nou motor hibrid, cu MP interiori, cu efect
de deplasare a axei magnetice [8]

1.5
Reluctance d-axis Magnet d-axis__ -e-Total torque «PMtorque  -e-Reluctance rorque
i %, [P~
! & > N 4 ) -
| L1 ] . : a B
! ! ' ! S 05 ;
: | [ i - i
! ! i ! s H
i i ! = 0 z 1 b
: i ' I ! - i i
1 | | I 1 2 ll :
! i ! 0.5 F ire . | i
i Z—— -._'_‘-______: : %> Conventional | :
i T s | 1 IPM K L
- = | | I = . o e
Conventional gnet axis shift [ @ ) | 90 60 30 0 0 45 60 90
IPM ' I : Current angle (elec. deg.)
: Reluctance!d-axis | , ; 15
1 i | : . -s-Total torque «PM torque  -=-Reluctance torque
=1} mm || 1) |
i L 32 -
| | | | = os i
1 | | | o 4
i i = !
' | i ! F- :
! | ! ! e 0g
: ' e ; M
HP-IPM 059 |
. : : . 1 &
Cuplul mediu mai mare cu 29% si pulsatiile 90 60 30 0 %
de cuplu mai mici cu 41% Current angle (elec. deg.)
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PMs p— T Stator

\

l‘mlamr

/}

Avantagje fatd de plasare in spite conventionalq:
« Capacitate mare de diminuare de flux

« Densitate de cuplu mai mare cu cca. 57%

« Factor de putere sporit

ISSN / ISSN-L: 1843-5912
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1]

Torgque f\lm]

2019

Topologii noi de motoare hibride, cu MP
interiori, plasati pe raze si corzi [9]

2000 3K
Speed (rpm)

(a)

40{K)

| =1
[HA]

000 3000

Speed (rpm)
b}

2000
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Motor sincron cu dubla danturare, cu raportul poli
s’ratorici/poli rotorici 8/13, 500 rpm [19]

TABLE II MAIN E1 ECTROMAGNETIC TORQUE CHARACTERISTICS OF
BFPM AND DSPM MACHINES.

Parameters yae
BFPM DSPM
Average torque (Nm) 1.50 2.02
Peak to peak torque nipple (Nm) 0.008 0.031
Torque ripple (%) 0.53 1.53
Torque density (KNm/m’) 3.8 5.1
Torque / PM volume (KNmvin') 28.9 57.6

Fig: 2. Topology of 18/13-pole DSFM machine.
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Extinderea domeniului vitezei motoarelor
asincrone de fractiune prin comutarea serie-
paralel a infasurarii statorice [2]

o 127
3 ——rya 127
g-. Lol [ original IM | % 5 [ riginial IM |
ﬁ 0.8t ; 08¢}
g 06 2 06|
E 04} '§ 04 Fia
2 " 5 027D
g 0.0 g 00 LSS e
= 00 0.2 (_].4 06 08 10 Z, 00 02 04 06 08 1.0
Normalized mech. speed Normalized mech. speed
(a) Mechanical power (c) Machine efficiency

+ Comutarea serie — paralel a infasurarilor statorice

2
%

Machine efficiency in

creste de pana la 4 ori puterea la viteze mari; L L Lia
Conexiunea serie este benefica la viteze mici iar 1,1 1.2

conexiunea paralel este benefica la viteze mari) 0-—-'0 o—g:l—

* Motorul studiat: maxim - 100 kW, max - 10.000 rpm, L9

400 Vcc (invertor)
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Actionare cu motor asincron cu numar
variabil de poli, pentru vehicule electrice [12]

™~

« 8 4 — Slats:
_':g 28 & e:..,-. Ve = 1.5.9
o - &' L 13.47,21
d, ~ 5 ._.;b tits i - & ; 15,29.33
g e b AL A e — Sioes:
Ty : = _ Ve = 2,610
N E R 6 / ! = 26,3054
L ! § = Lot i
£ = JE— Slots.
= - = / / il = 37,11
- - el Pa 15,19.23
= Ay . 27,3135
W = % " - Siows:
¢ & T 1 T S T Slot 1 13 1? 21 2 33 v 48,12
X !l 2D & 16,20,24
# . - 28,32, 36
- 5
* & ¥ h h inh )
TABLE II. MACHINE PARAMETERS OF A TOROIDALLY
T an ] WOUND 5 HP, 208 V, 7200 RPM INDUCTION MACHINE
\ | :
E3 v | Parameters Values
TR
= 1\ Total number of slots. Q: 36
S \ ]
L]
= (] s
z W\ Airgap. g (mum) 0.6
= b4 L 4 ;
) S Rotor extemal radius, » (nun) 50
0 Stack length, / (mm) 71
L [ 5 N8 i Number of turns-per-slot (N) 46

=

26/30
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