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Design improvement for operation characteristics of gyro wave power generator
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Abstract: Ships are subject to various movements due to maritime waves during operation or berth. A gyro system is installed
in the ships, which influences the restoration performance of the ship where the rolling is minimized to improve the restoration
force. Herein, the wave generator design was studied along with angular velocity and torque generated by motions of gyro
gimbal. Furthermore, the generation characteristics design was improved by considering irregular kinetic energy wave
characteristics. In the permanent magnet generator, cogging torque is inevitably generated due to slot, tooth structure, and shape.
It is necessary to reduce the cogging torque because it acts as a load to the gyro gimbals and creates vibration and noise
while the generator operates. In this paper, we worked on reducing the cogging torque by improving the permanent magnet de-
sign for 6 kW class low-speed and high-torque wave power generation. For analysis and design validation of the final gen-
erator design, a prototype was manufactured and performance tests were performed.
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Figure 1: wave power generation system

3. A7) AA A 2A
3.1 A0lZ2 mEEEI| 32 MY Z2F
Aoz kg7 el Ak & A A& 8 A &

I Hre 7 A ) 2 A @ 449

™
>< —_
aX7o5e rad o
Woe = -
pree - Average wave period
‘N;)rec = wprec X o rpm (2)

o71M Hat W] FUIE 4%, Aol = At
S 12002 3¢ Zpo] 2 g 7)o 3] 7=+ 1.05rad/s
= A4 =, ax 157 7 AR

ok Az & FHd EEE A &

Ao M) EF 34 200rpm
2 ARHrh Aol mpeEubd Ajxglel] A8 dHHE

Aol A77] £8 AL 230Vde ~ 650VdeE 4] (3)°
wheh A7) Ee ek HEgS 100V ~ 278VE A
TH2][4]
Ve

ms = 1353 3)
A7 V. BV E A Er] 2 dEy dag 9
ARV 29 Agelth. dEwsr)o /&9 st 19
=AY EY AL +10%] AL FeE
= A7 wo] Q5] Aol2 dEubd g ubd )= B
&Y ] JEFor IH LUt Qs Fre A
S agste] B vbs AEREFH ISR 198 A S5

200rpm®] 125% 2] 250rpm7HA] A7 N

719 A Aske )& vlEehy] uol 3
LHAER) 250rpmoll A o] 7] Y S A
278V, A7) AF L% 200rpmol A
oF A @ gho] 222V rF o R A EE ukg]
go] A4H AAF F 3 H=
7} 6032N'm ©]/de] B HAHEE zlo]2 oAV 7}
AAEe] gleH, o= FHII(TE 7l e 95% ale)E
aEshd B 7] 5 EF) 286.5N-m oo ® whHT
LTS kWH FFOZ AA7}F Holok Hri2).

Table 1: Basic required specification of generator at rated
speed for gyro wave power generation

Basic requirement of 6kW class permanent magnet
synchronous generator

Rated output Above 6kW
Rated speed 200rpm
Generator’s shaft torque Above 286.5N'm
Generated voltage [rms] Above 222V
Generated current [rms] Above 9.01A
Efficiency at rated condition Above 91%

Figure 2= 3t2bd 7] A7 olth geabdr]e] A
Al AbdS i 4 3 Aol® gty v Al 2ES Zhet
sto] =& § 4] 4)2] TRV(Torque per unit rotor volume)2]
& 483t A e dA 97 W AF Ao
=

g3 ATH2117].

|

“)

I~

BA7] Eel e 24, DY L, 44

762



Zpolz spEbdr] 2 54 A AA

247} 306mme} 2FZdolE 170mmE AAS G Th 2

A FZF 100rpm ~ 250rpme L ko] S 40507

el em, % 7= 39 AT X7 USTES T
55 AT F7/ERT 2o R 1A},

AR Aot P4 3 ARAES dAskglon, W]
&

S Table 29} 2t}

W

2 Ho

ol
o o

( Start )

v
Calculate basic required specification of
generator for gyro wave power generation
(Rated speed, Rated voltage, Rated torque,rated current)
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¥
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v

Reduced moment of inertia
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End

Figure 2: Design flow of gyro wave power generator

Table 2: Specification of basic design model

Contents Value Unit

Outer diameter of stator 380 mm

Outer diameter of rotor 294 mm

Number of pole 40 Poles

Number of slot 48 Slots

Serial turns per phase 352 Turns
Number of parallel connection 4 -
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Table 3: FFT of induced electromotive force at no load con-

dition
N Harmonics £ [ V;Jeak}

1 360.06

3 9.96

5 1.06

7 0.36

9 1.55

THD[%] \ 1.0%

LPhaseA 0.829hm v 24.20hm
LPhaseB 0.8290hm U 24.20hm
LPhaseC 0.829hm \J 24.20hm *ji

Figure 3: External circuit of basic design model

Table 4: Result of basic model analysis value at load con-

dition

Contents Value Unit

Generated voltage[rms] 236.3 v
Generator’s shaft torque 350.8 N'm
Generated current[rms] 9.8 A

Output 6950.2 W

Copper loss 297.2 W

Iron loss 119.2 w

Eddy current loss in permanent magnet | 23.0 w
stray load loss 125.1 w

Input 7514.6 w

Output 92.5 %
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Figure 5: Comparison graph of cogging torque of basic des-

ing model and final desing model
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Figure 6: Optimal design results for the variation of cog-

1.5

1.2

ging torque according to magnet offset

53 MHEINMI| S 2E S4 o4

Figure 7°] o121 :d7] 35 mele] 54 4L st
AT Table 5= 7] A% @] et f=r]de st
ol ek FFTEA g A& THD7} 0.6%% A& vte] 7}
7 S-S fRE7IAE gl gEEs o 5 gk
Figure 39} =gt 9|5-3| 25 43t Faf & 3
ShlaL W 71e] g2 344 5]] 200pmell A 9] A2 &
6 kW Z=31o] tis] 7] 71 87 AR B wE e
Table 69} o] si 4oz APt = dd +4 5
Ae sl 7P S 8 Be 2049 E8 2 |
& 5ol gt d14 A7+ Figure 89 2T}

764



Aol = wEEAY] &

Figure 7: Final design model

Table 5: FFT of induced electromotive force at no load
condition

N Harmonics L [ I/;Jeak}
1 345.25
3 2.16
5 0.69
7 0.18
9 1.28
THD[%] \ 0.6 |

Table 6: Result of final model analysis value at load condition

Contents Value Unit
Generated voltage [rms] 226.2 \%
Generator’s shaft torque 318.2 N-m
Generated current [rms] 9.4 A

Output 6378.8 w

Copper loss 219.8 W
Iron loss 106.6 W
eddy current loss in permanent magnet| 17.9 \\%
stray load loss 114.8 W
Input 6837.9 W
Output 93.29 %
Efficiency[%]
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Figure 8: Graph of efficiency characteristics at variable

speed and load condition
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Figure 9: (a) Manufactured SPMSG and test dynamometer

(b) Test Configuration diagram
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Figure 10: Induced electromotive force wave form at no

load condition

Table 7: Induced electromotive force value at no load con-
dition

Contents Analysis Test Unit

Induced electromotive force| 244.2 250.4 A\
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Table 8: Comparison table of analysis and test result at load

condition
Contents Analysis Test | Error factor [%]
Generated voltage 2262 2317 24
[Vrms]
Generated current 9.4 93 11
[Vrms]
Output [W] 6378.8 6295.1 1.3
Input [W] 68379 | 6718.5 1.8
Efficiency [%] 93.29 93.7 0.4
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Figure 11: Test result of performance characteristics accord-
ing to variable speed and load condition
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