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Automatic Design Method of Typical Parameters of a Switched Reluctance Motor

Focusing on Magnetic Saturation

Takahiro Kumagai®, Student Member, Jun-ichi Itoh™®, Senior Member, Keisuke Kusaka™®, Member
Daisuke Sato™* *, Member
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This paper proposes an automatic design method of typical parameters such as number of phases, number of
poles, stack thickness, stator outer diameter, rotor outer diameter, and number of turns of a switched reluctance
motor from the requirement of the N-T characteristic. In particular, a specific parameter related to the magnetic
saturation is defined in order to arbitrarily determine how much to use the magnetic properties of the iron core
material. In the proposed method, the typical motor parameters in order to realize a miniaturized volume which
satisfies an input N-T characteristic are obtained by setting the parameter related to magnetic saturation, maximum
electrical frequency, maximum current density, maximum copper loss, conductor slot fill factor, magnetic properties
of material, and input voltage. The designed motor is analyzed using the Finite Element Method in order to validate
the proposed method.
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Fig. 4 Contour plots and flux lines of SRM
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Table 1. Combinations of phase-numbers and pole-numbers

m | Ns|N;| A[3] Example of application

3|6 |4|High supercharger[10]
Selection of [ | 4 | 8 | 6| High servo[11]
highest N, 3 (12| 8 | High pump[12]
withineq.(2)| | 4 [16]12] Low unmanned aerial vehicle[13]

3]18|12| Low electric vehicle[14]
“Not covered Higher |Lower electric vehicle[15]
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Table 2. Motor parameters of SRM

Output power Pout 0.75kW
Maximum speed e 5000min’
Base speed Drase 3000min*
Phase-numbers and pole-number | m, Ng, N, 3phase 18/12 type
Input voltage Ve 48V
Resistance R 12
Inductance ratio A 5.32(=8.74mH/1.64mH)
Maximum current amplitude | Tmax 34.1A r
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Fig. 14 Procedure of setting control parameters

Table 3. Design requirements and constraints.

Design requirements
Output power Pout 0.75kW
Maximum speed Wrmax 5000r/min (T max=1.43Nm)
Base speed WDoase 3000r/min (Tma=2.39Nm)
Input voltage Ve 48V
Saturation level sat 1.6
Max. electrical frequency fo_max 2kHz
Max. current density Jrms_max 10A/mm?
Max. copper loss We_max 75W (W¢_max/Pou=0.1)
Space factor Ks 50%
Sat. magnetic flux density Bsat 1.64T (35H300)
Design constraints
Airgap Iy 0.25mm
Stator pole arc S 10deg.
Rotor pole arc B 10deg.
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Fig. 15 Relationship between rotor diameter D, and motor volume V.
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Table 4. Design parameters
Main parameters
Number of phases m 3

Number of stator poles N 18
Number of rotor poles N, 12
Rotor diameter D, 58.1mm
Stator diameter Ds 96.3mm
Thickness of motor core Ly 35.2mm
Overall axial length Lan 43.0mm
Number of turns N 91turns (¢=0.65mm)

Control parameters

Current amplitude at

operating point (A) in Fig.1 e 344A

Current amplitude at
operating point (B) in Fig.1 lomac 28.5A
‘La_||:43 .Omf'ﬂk

| L,=35.2mm

D,=58.1mm

T coil-end

~core

A4 = —

Back EMF at base speed [V]

Mechanical angle [deg.]
Fig.18 Calculated back EMF of designed SRM at base speed

Mo, BEEEERDZ
MRS %,
2T, K165, BHEERD Z LIS, ERFEDHEOR

WZEBVES TS ML BETED
%%@‘E’J TN L TWAZ ERbnd, M

ERAUNE 2D, BRI 0 ITEVMEE o TS, 4

EOHERITIE, 4HORITET D&, RER 1A T T
T 5,
<3'4> B3 n+:E go)ﬁ'éTio)ﬁEulu\ i“% 4 Lu}n‘f‘éhf_

E— X OKVE, K 17 [E—2EE T, REFEns
SRM (¥ m=3, Ns=18, N=12, Ds=96.3mm, D;=58.1mm,
Ln=35.2mm, N=91turns(1 & 6 iF5) T 5, Ai%FTIx, B
BEEY I0AMM2IZHELTRY, BREHEZHE LZRE
Lol THHTED AL NAR—ANKEL LY, R’
SR L Fp Tz,

X 18 IZFE Sz B — & ORI
DML TE )W %
e TRE LTz,

IR LERMI L
Y, 7k, HEGEE ) eemr (1(39)7

IEEJ Trans. ©@,V0.0@®, N0.O®, 000



T BN

IZ% H L7- SRM @ HEhi%al (ERE7E, )

40
LI
T 30 |
g 20 }
s IRMS—184A
© 10 } (Jrms=9.4A/mm?)
\ (Wc 75 8W)
0
40
Hakalalalia
Z,
E 2.0
o
E 1.0 a\,e,—z 38Nm
(Error:0.22%)
00 1 1 1 )

0 5 10 15 20 25 30 35 40 45
Mechanical angle [deg.]

(a) Operating point (A)

40
iy iy [ iy
— 30 F
<
g 20 |
= lrms=154A
O 10t (Jrms=7.8A/mm?)
(W=52.7W)
0 —
40
= 30 | Tave=1.43Nm
Z, (Error:0.29%)
5 20 T,
3 '\ AN ANEEN ANV AN
2 1.0 \-\/ N~ N~ ~
OO 1 1 1 1 1 1 1 1 )

0 5 10 15 20 25 30 35 40 45
Mechanical angle [deg.]

(b) Operating point (B)
Fig.19 Simulation results of currents and torques at operating points (A)
and (B)
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Fig.20 Map of current density and copper loss.
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Fig.23 B-H characteristics of 35H300, 2605SA1, and 35JNE300

Table 5. Design parameters

35H300 2605SA1 | 35JNE300
(Bsp=1.64T)| (B5=1.53T)| (Bsp=1.74T)
Magnetic saturation level| oy 1.8 1.9 1.7

Rotor diameter D, | 58.6mm 60.2mm 57 4mm
Stator diameter Ds| 99.7mm 101.5mm 98.2mm
Thickness of motor core | Ly, | 31.3mm 33.6mm 29.8mm
Overall axial length | Ly | 39.4mm 41.8mm 37.7mm
Number of turns N 102turns 99turns 103turns

(¢=0.65mm)| (¢=0.66mm)| (¢=0.68mm)
Motor volume Vil 0.307L 0.338L 0.286L

(3:6) BHHH|LMHBICEITHEKE X 23 (2T ENT
7 A8 (2605SAL) & RS (35INE300) D B-H HifR % 1k
T, B E CTCHERALE O LBERMKRTH D
35H300(Bsa=1.64T)IZ 5% L T, 7 &/ 7 7 A HH(2605SA1)
13 Bsat 23 1.53T LAK <, EREHHR (35INE300)IT 1.74T & @iV,
NG 2 OOBRFEN R D8I EE AT 8 %
E L CHIETE T L RRICE— ¥ 2337 2.

F5ITHLMELE LTT AT 7 ZHHR(2605SAL) & Ef:
HAR (35INE300) % i H L 72 BRICRR R SN Tc B — X O~k
BT, ek, BE—HXOEHMEERE LTIEER 3 IRl d
DERILTHY, BEKEAFIE o XX 22 1R L7 L D IR
FERB/NMIR D EDICIREL TS, RE505, Bald@m
B REERIR (35INE300) 2l Fl L7 — & DF A, Bsat BMEWT
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Resistance
Measured R 0.1023Q
Lead-wire R 0.00864Q2
Winding R 0.09372 Lena is around 9mm
Cal.R (Eq.(20) 0.0888Q (+5.2%) || (4.2 mm in Eq.(18))

The space factor is 32.9%, which issmaller than that of the
value described in Ref.(7) due to manufacture circumstance

App. Fig.1 Resistance value and photograph of coil-end of the SRM®.
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