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(Development of 10kW Permanent Magnet Synchronous Generator for Small Hydropower
Generation)
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Abstract

This paper presents the development of 10 kW permanent magnet synchronous generator (PMSG)

for small hydropower plants considering flow rates and net head. The initial and detailed design are

determined using a load distribution method (LDM) which is a well-known method for designing an
electric machine and a 2D-FEA which is performed for more accurate analysis of PMSG. The
characteristic analysis results of proposed model with straight line magnet are satisfied with the initail

model with curved magnet. Finally, the analysis and the design results are confirmed by the

experimental results.

Key Words : 2D-FEA(Two-Dimensional Finite Element Analysis), Loading Distribution Method,
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Fig. 1. System configuration of small hydropower
generator
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Table 1. Specifications of design

e A
qA =4 kW 10
A & pm 400
=9 4 Vac 210
AR EA Nm 253
iy % 95
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Table 2. Specifications of inverter
T A A
e 79 ¢ 100~400Vac
oAt 800Vdc
H oA 29Arms
A= 10kW
QAR 1 A4 380Vrms
(220Vrms & A d)
)
AA AL 2 @A 220Vrms
) (380Vrms & AlH])
=9 .
A 50Arms
+ 1 5 60Hz
A HEE +- 10% o)W
Ty WS E += 1% ©]
A| o] v} 2] PWM
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Fig. 2. Design process of small hydropower
generator
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Fig. 3. Small hydropower generator model based
on loading distribution method
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Table 4. Characteristics according to variable

e conditions
)( o X1 | X2 | X3 | x4 RzwdEn | ad
o W/kg %
(@) 296 | 225 | 98 3.2 117.75 95.49
300 | 223 | 119 | 25 106.31 95.18
" AT - 285 | 227 | 92 | 27 117.18 95.37
252 | 234 | 113 | 35 103.2 95.07
2 293 | 200 | 11.1 | 26 110.04 95.28
X 259 | 202 | 106 | 31 106.47 95.08
. P S 206 | 219 | 103 | 29 107.17 95.04
L) e el 289 | 204 | 94 | 28 116.82 95.42
(o) 267 | 232 | 108 | 3.1 109 95.17
08 4 MRS @) R B ) 3% He 248 | 229 | 117 | 27 550 o
Fig. 4. Design variables (a) Magnet variables 282 | 211 | 91 | 38 116.47 95.36
(b) Slot variables 263 | 208 | 100 | 34 109.84 95.12
241 | 236 | 114 | 37 98.84 94.68
E 3@ezd 274 | 221 | 105 | 36 11153 9%5.22
Table 3. Variable conditions 271 | 38 | 102 | 34 11241 95,24
g @9l | HA | 237 | 240 | 97 3.9 102.68 95.06
X1(rlz i d o) mm 23 30 218 | 206 | 95 3.0 114.63 95.28
A A X2(&% 4do]) mm 20 24 245 | 213 | 116 | 38 98.21 9.06
W 2= X3(&5 %) mm | 89 | 119 230 | 217 | 89 | 40 100.05 95.07
XA(LE &F) mm 25 4 234 | 215 | 11.0 | 3.3 97.41 95.05
= 5 a7 EUXNT|9 M
Table 5. Specification of small hydropower
generator
T 3 A
AA 4 kW 10
A7 At Vac 210
AR A4 4% rpm 400
3= mm 0.5
A5 2ol mm 240
217 mm 280
L W7 mm 192
ExET 30
A A S08
32! 5. RMEat vid oE 217 mm 191
(@ MY (b) AMYHH 3] A 2 Magnet NdFe35
Fig. 5. Shape change model of magnet —
(@) Curved model (b) Straight model R 16
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Table 6. DC load (21Q) Characteristics analysis
of small hydropower generator

SA9Rd (359 10)] A998 (35 10
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Fig. 9. Test set-up of small hydropower generator
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Fig. 10. Performance test results of small
hydropower generator
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