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Design and Analysis of a 30 kW Permanent Magnet Synchronous Generator with
an Asymmetrically Extended Axial Stack Length for Vehicle Power Coupling
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This paper presents the design, electromagnetic analysis, and performance evaluation of a 30 kW permanent magnet synchronous
generator with an asymmetrically extended axial stack length for vehicle power coupling. Because the generator is coupled to a power
take-off(PTO) system and operates under structural constraints, increasing its diameter is inherently limited. To meet the required
output under such diameter-constrained conditions, a generator with an unusually extended axial stack length was designed, and
electromagnetic field analysis was performed to secure the required 30 kW output characteristics. In the initial design stage, the
fundamental specifications were derived using the loading distribution method, and finite element analysis (FEA) was subsequently
conducted based on the obtained design parameters to achieve a detailed design. Furthermore, a prototype was fabricated from the
detailed design, and performance tests were conducted. The results verified that the proposed generator satisfies the target performance
requirements despite the imposed design constraints.

Keywords : permanent magnet synchronous generator (PMSG), power take-off(PTO) system, asymmetric axial stack length, finite

element analysis (FEA)
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Fig. 1. (Color online) Structure of the vehicle power coupled
generator.

Table I. Generator design main requirements.

Parameter Unit Value
Speed rpm 2,100
Output Power kW 30
Width mm 200 or less
Height mm 200 or less
Depth mm 600 or less
Weight kg 70 or less




L A= Journal of the Korean Magnetics Society Vol. 36, No. 4, August 2026

2 AAHAt
ol#f3lt 8 ARISS 1EENS w, x| 7Fsd Tk
Aoz Qs w7 AL 200 mm oWHE AZEH,
ol Beksly] sl SR AT Ao} mig e 1 T
27} s A7) STARRE SR8l =29 w3719
F9 Q7 AR Table 13} 2t}

L AA 2 XEAGHA]

P719) Zest B A71A 2 A1H Aslel A 3
A A7, By RELo), SRS Sl AAMGe o
ARE B E=Reds a7 9 SuE 9@ 7R )

2 A o] RS, o) wlgem W)Y Fa

P=Epz,)1,)x10°
a
=’ xacx B, x D’ Lxn ()

AN P, p, a, 8, 7, I= 242+ £ 2=
F, A7s, A7 F _,_;q]_r’ A7 AR e,
ac, B,, D, L, n& 242} 7@7]1:1]11-0]— B 32 AEde
A7 27, A4 o), SRFE SEldich Wl
RS 710}5}79 =7t o}qa} B ALm9} 2}
= %2 W) whg], dwEos olefdt e
T = S Oﬂ Fela. o}xm 2 %zﬂf‘é u

i

A7} glom, % h,]- PTOOﬂ}\-] x{ﬂg]_ a m §];qg_
To% 984 37} EAI), oo wi) B =RoMs
Fod A 'A 210 UelA a7 299 58S VST
T A=S 1A B R RS AHeE st

A=

: 7
id7)9] 7] 4 2 AR 7R AARS =53] 9

& FshelHe 28319ch. A SE%== Fig. 200 AXISH
[e)

Qo WA7|E JAEE 2,100 rpmold] FAEH 30 kW
5 Rk, Hul 33 kWK &8 7Fss 125 HiE
718 AAZ 3.

|
AA A AAZEE 30 kW 2@ EBHAY 380 Vac +
10%= m—‘s}ti 7S s, st 483t
T8 A7 ARKES Table 119 HEleldint. 7Exd719] 54
< JEske XPoFrHH J= 21(2)F 2ol ARz, o
T 23)~(8)S o83t A 1FsIE AHISHAT

y=157/(1+y)=15/25=0.6

=LKW 6 kA
PFxn 1x0.9
3
| kVA :36.7><10 _557[A]
V3xv 3x380
kVA 367

S = =4.58[kVA]
p 8

-361 -

@

©)

“

®)

S __438 5, (6)
£x102 140x10

SO (S e oS _es o (3276 22036 ()
pe = e = g B2 =2,
@ =@,7 = 0.003%2.036 = 0.0061[ Wb] ®

(117]}\:1 PVAs PF; 77) Ss ¢09 Z‘E

&, vhe] §3, 71F A1l B9l s

i},
AR PAPAE &%
sol 130 725 Ads)
Qg s 2 ge) 4

27t 9 8%, o%,
c

slo] wix|sle WAlolt) £ =RolME wis W EE5E
0.5%2 gslaem, (9 ol8sld 47 AE=NTE #
S35t o1F A(10)~(12)5 B3l g ol Bagk E555
AR, A(13)02 &£59 27 EAFE Akt A

2 A

N ATE A B A B 98 229 maS

#59) 3Rl0 . 2gsigon,

oX m[m

E=21IN,of

E 380

AzHoE A4} 2ol

T HExAs 2glE 838190

©

=122.3336 (10)

N, = =
2.1xpx f 2.1x0.0061x

P =pxq=8x0.5=4[EA]

3P, =12
N

w_ 1223336 o0 o
P 4

q

N, =32x4=128

140x~/3
(11)
(12)

(13)

E, Ny Py q= 272 2335k, V3ol Jaeids, 3ol €
4, s i £ origit
AR AA viR1ZA0] FE7)HHe] nXE ke vy

= [e]
3P7) 91 ASRIAG ky BIAT by DIASF kF HE



-362 -

| 2733 30 kW 72 L - frdo} - AAFE - oleF - AR

Output power, Voltage, Speed,
Number of poles, Frequency, Power Factor

l

Current, Output per pole, specific output

Output coefficient y,
Reference magnetic loading ¢,,
magnetic loading ¢

Number of series turns per phase Ny,

Number of slots per pole per phase q,
Number of slots per phase F,,
Number of conductors per slot N,,‘/ | A

Distribution factor kg4, Pitch factor k,,
Flux distribution factor kg,
Winding factor k,,

Electric loading

Fig. 2. Flow diagram of the loading distribution method.

Table II. Generator design specifications.

Parameter Unit Value
Maximum Output Power kW 33

Speed rpm 2,100

Voltage Vims 380
Frequency Hz 140
Number of Poles - 8
Number of Phase - 3
Power Factor - 0.9
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Specific electric loading, Specific loading 7,
Stator inner diameter D

l

Pole arc to pole pitch ratio «;,
Pole arc b;

Specific magnetic loading B,
Effective area per pole Tl;,
Effective core length [;

Current density J,,
Conductor cross-sectional area q,

Slot dimensions
(Slot tip height, Slot wedge height,
Slot trapezoidal height, Slot opening width)

Air-gap length,
Rotor diameter and axial length determined
by the DL method

Finite element analysis (FEA),
Geometric modification
and design optimization
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Table I11. Initial design parameters based on the loading distribution
method.

Parameter Unit Value
Output Coefficient - 1.5
Slots per Pole per Phase - 0.5
Distribution Factor - 0.959

Electric Loading A/m 2,673.6
Electric Loading Density - 26.7

Magnetic Loading Wb 0.0061
Magnetic Loading Density - 0.8
Pole Arc Ratio - 0.65
Current Density A/mm? 5.7
Rotor Outer Diameter mm 65.1
Stator Inner Diameter mm 68.1
Stator Outer Diameter mm 162
Air gap mm 1.5

Stack Length mm 4394

AR AFE R  Qlrk. ol FFAAY A&E &
JJr"qu Hugoza A7y g & 548 dR
Atk g, BrER 7T 5% =9 Aud fA &
Abo] T AR Wl o3 IAYET ARS 93}
of B2 21F Al sttt

1.3. 27| 7|2 MA 2=

AR o83k x7] A Ao} FAg B AA
o] AA AFS WSt BT V1R FAAS EESINS
H, T & Fig 6ol YERIAT o] ZFelx AXH
W71 8 AAl IAX= Table 1110l A2]3k3Act.

2. WE7| X s

ARt e ol 498 Fa Afeh G 2 B4
o 44 AnE Aol Wlel 7] mAe AT,
o) 7lE mUE Fo] A fRasabS FasGOn,
SN Avel mhe AN B4 a2 dEgeRs ¥
H7le] M BAE SASIGch 531, A7 Aok 20l o
S WAshe A B SRR ASEE, olHY 84,
s1ge) gy, el sl FAsgor, ol T 4
A A FHow Sasdct

B e APl e 242 FEom Faslsn
7] o] YRl el 91 3 oE 4 Ak
sehes AAEkgom, olo] mke Axe] MY Sk )
HE Aoz BTk £W, B3 A ¥ AA)H 54

A

Mol F4< Fol WMol @ shde FAs sk

225} Xl SA

==
T

SESESL e SR EREEE FEUES

- 365 -

2 R oz WAs Axr] EAL vl 2 BXEnt

7} ol W &R, dU)HY, IYET S AES

Fow, ol uEke s o Aol AP} YA 2 A
s

: '6‘}"1@. +7] ndg Fig. 7] epd vk
Fo] AR} 25 HEsle] siAS 3slS
T} Table Tve] Zulol] wz=w, AAS 205.66 Vaco]™,
°l°ﬂ e A7 35622 Vac, ZUEITE 991 NmZE

7Y 3k ol S7RI7I] Ssixe SuA e A5
T Fole At Hash, olF 93l Fig. 8 2ol I+
XWOW HASE Aol TS Bl AR Eo7ke A

5 zeo] FA1S AT Table VO Aol whaw Abd
2 211.8 VacelH, olof w2 MIFAYS 366.85 Vac, =
EIE 7.16 Nm=Z A== AEUEY SV <8 o
Z178o] oF 10 Vac 3718 A& EARIT 4= o}

o2 3)zRke] ks wAs A AAIE 859
of E3E gkl 380 Vac = 10%°l =3k fsiAE, A
2F AAE A} AAIRF o] 971AE 3hE ¥ STHITI=
AAZE Basitt. olF 98l Fig. 99 2ol = 1 =XE&
B35t 2 7xE TS, AE AR 2 A EE BEE
Z73It}h Table VIS] Aol wh=w, AARS 23825
Vaco|t, o]o] w& X7FAME 412,66 Vac, ZHEIE
4.16 NmZ ==k A5 S712 Q8| 047]2@@13
oF 45 Vac Z7I8ISIT. HEgh, =X] A8l wet AR
TR} S5 Alole] A7) AJEARgo] slE] FEA=
°F 3 Nm A% 7HAs19iT).

IR AAE 98 Fig. 103} 2o] 3R] Wzt
& A8tk WA A8l e W] e Aske A
Aslalr] S8 T8 A& AR vXe FdEkel ﬁéﬁﬂ )
TE Y7k 9 9 =718 RSt T3 WAES o)
AHoZ wiRsle] &%= gl Uigt 35 AIAS
HEo] F7IE WS 5SSt 1 A= Table
Vi 2o, W7t s FFM7IEME d71dEs 77)
E3 540 WiF glo] fAEES AAlEA

HEH o2 A AF A A 3R 5 7 =24
2 Y2 285 B8, GrIge Tkl ZAEIS 7
ABIES sh= A AAIE X1kt

_Izir

2.2. 3t XA a4

30 kW 33} Z70)xe] AAIAS 80, Fig. 113 2o
FRES TdsIT. YA BVIE AT VIE SRR
= sieH, zt A 57 Jd9dx, A A7), Fat



-366— 2t 3 S A R i S

AL[Wb/n]

1.3130e-002
1.1323¢-002
9.5159¢-003

7.7090¢-003
5. 9022¢-003
4.0954e-003
2.2886e-003
4.8174e-004
-1.3251e-003
=3.1319¢-003
-4.9387¢-003
~6.745S¢-003
-8.5524¢-003
-1.0359¢-002
-1.2166¢-002

3§
-3
I

ars00

h ]

~1000 —

2000

(c)

Fig. 7. (Color online) No-load FEA results of the conventional stator tooth. (a) Flux Lines, (b) Back EMF, (c) Cogging Torque.

Table IV. Numerical results of back EMF and cogging torque for the conventional stator tooth.

Parameter Unit Value Parameter Unit Value

Voltage(al) Vims 205.81 Cogein

Voltage(bl) Vi 205.83 SEing Nm 9.91
Torque

Voltage(cl) Vims 205.34
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Fig. 8. (Color online) No-load FEA results of the modified stator tooth geometry. (a) Flux Lines, (b) Back EMF, (c) Cogging Torque.

Table V. Numerical results of back EMF and cogging torque for the modified stator tooth geometry.

Parameter Unit Value Parameter Unit Value
Voltage(al) Vims 211.95 Cogein

Voltage(bl) Vi 211.99 Togrgueg Nm 7.16
Voltage(c1) Vi 211.44 d
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Fig. 9. (Color online) No-load FEA results of the rotor geometry with interpole notches. (a) Flux Lines, (b) Back EMF, (¢) Cogging Torque.

Table VI. Numerical results of back EMF and cogging torque for the rotor geometry with interpole notches.

Parameter Unit Value Parameter Unit Value
Voltage(al) Vims 238.44 Cogein

Voltage(bl) Vi 23849 Togrgueg Nm 4.16
Voltage(c1) Vins 237.81 q
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Fig. 10. (Color online) No-load FEA results of the rotor geometry with cooling holes. (a) Flux Lines, (b) Back EMF, (¢) Cogging Torque.

Table VIIL. Numerical results of back EMF and cogging torque for the rotor geometry with cooling holes.
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Parameter Unit Value Parameter Unit Value

Voltage(al) Vims 238.42 Coggin

Voltage(b1) Vions 23847 £Eing Nm 4.16
Torque

Voltage(c1) Vims 237.79
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Fig. 11. (Color online) Equivalent circuit under the 30kw load condition.
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Fig. 12. (Color online) FEA results under the 30 kW load condition. (a) Voltage Characteristics, (b) Current Characteristics.
Table VIIL. Numerical results of voltage and current under the 30 kW load condition.

Parameter Unit Value Parameter Unit Value
Voltage(al) Vims 213.28 Current(al) Ans 47.39
Voltage(bl) Vims 213.81 Current(bl) Arms 4751
Voltage(c1) Vims 213.81 Current(c1) Arms 47.51
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Fig. 13. (Color online) Detailed design geometry based on FEA.

Table IX. Detailed design parameters based on FEA.

Parameter Unit Value
Number of Slots - 12
Slot Opening Width mm 10.6
Stator Outer Diameter mm 160.0
Inner Diameter mm 88.5
Number of Poles - 8
Rot Magnet Dimensions mm? 23.0*10.0
otor Outer Diameter mm 86.6
Inner Diameter mm 35.0
Air-gap Length mm 0.95
General Stack Length mm 422.0
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Fig. 15. (Color online) No-load voltage characteristics. (a) Simulation Result, (b) Experimental Result.

SCOPE
(P_202.12 U J§° 20123 U N 437 U
68,666 HzPum &  0:01:39 =T

SCOPE
DS503R | 1 B
£8.668 HzPum ®  0:01:46 =T

(b)
Fig. 16. (Color online) Experimental results under the 30 kW load condition. (a) Voltage Characteristics, (b) Current Characteristics.
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Table X. Comparison of no-load voltage between simulation and experiment.

Simulation Result (Vac) Experiment Result (Vac)
Phase A Voltage 238.42 238.46
Phase B Voltage 238.47 235.01
Phase C Voltage 237.79 231.91
Line-to-Line Voltage 412.62 407.25

Table XI. Comparison of voltage at 30 kW load between simulation and experiment.

Simulation Result (Vac) Experiment Result (Vac)
Phase A Voltage 213.28 203.59
Phase B Voltage 213.81 202.12
Phase C Voltage 213.81 201.23
Line-to-Line Voltage 370.03 350.41

Table XII. Comparison of current at 30 kW load between simulation and experiment.

Simulation Result (A) Experiment Result (A)
Phase A Current 474 49.9
Phase B Current 47.5 50.3
Phase C Current 47.5 49.8
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