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Influence of NRMs on energy-generation performance
of piezoelectric harvesters
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Abstract: As existing rotating generators can not adapt to a high speed shock and vibration and have
higher noise and lower reliability, this paper proposes a piezoelectric energy harvester excited by
rotating magnets. The influence of the number of the rotating magnets (NRMs) on the exciting force
as well as the output voltage of the piezoelectric harvester is investigated theoretically and
experimentally. The results show that there is an optimal gap ratio (the gap A, between two adjacent

magnets to the magnet diameter) for the excitation force to achieve maximum. The obtained excitation
force at ;=2 is 6. 2 times that at A,=0 and A,=4. When the voltage generation exited with 2,12,24
rotating magnets in the experiments, there are several optimal rotating speeds for the generated
voltages to achieve the peak. The maximal peak voltages and the relative optimal speeds for 2,12,24
rotating magnets are 29. 4,87, 2,28. 4 V and 1 282.5, 2 707.5,2 451 r » min™ ', respectively. The
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maximal voltage generated under 12 rotating magnets is about 3 times those under other excitation
conditions. The voltage waveform generated from the piezoelectric harvester under one excitation
depends on the NRMs and rotating speeds. For 2 rotating magnets, the number of voltage waveforms
generated at low and high rotating speeds are 1 and 4, respectively. For 12 rotating magnets, only one
voltage waveform generates at any speed. These results demonstrate that the NRMs have great
influence on energy generation and output powers of piezoelectric energy harvesters.
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1 351 =

R R R R T A SN B A
SRR M 2R S8 Y 1 3 R R SR O R S R PR S R
IEE LR o i S W L S AR R 3
) /N 2R 7 R i IR Bl /N R e i LD 2 [
AR BT B R L R T AN T e i D A A% 2K
FFREAHRA A By 1 0 S5 R340 08 L T v 7 i
i T A5 R f] B IR R T B T A RS B
b BN -5 4R T A5 T 3 T R )T B R
A I A% S e A B M M B TG R S AR G A5
S SRR T T R R e G R R R B DG T

F T, H & H 4000 A AT 52 80 © M B B0 1Y
“HE A% B LEE S A AE AR B S Al F 5T 1 < LUK
E PR CRESE RO /% 52 B AR L FA7F 527 7 17)
K. ARAERE R B X AN EMIIT & T
Z PR R TR AL AF RE AR, - kT Mz 3l /T 3
KNI K B AL i B8 ik 3l g 4 R 20 17
RE AR o [T WAL A F Bk 1 I i K FRLBILES I A 38
Jih B e >k W ALY A e i P R R A fiE
i AT FE B IRUAT B IR B 22 T 2 T 9 A e
B R U il ) 17 RE A T 5 3 Ak T R RIS 25 B B

AR O 7 2 AN T A e 2 HL A
fr BRI LT =26 R R B AR 7 e s it AR
w52 3 5 1 B4 A A R AR A 5 Dl
2R % LR Bk 2 s e g F i 3k s K
] FH i e B 7 1 B0 BK R o7 TR R R 5 B0 4
AU BRGNS B b B L A AR R 25 50
(RS 2SR 0 A ro il O 2Ok R R LR U
T P By 8 e Oy 1) AR T8 vl o PRI g T A 2%
PER sl 217 RE A% RF 7 A 5 B0 o ol M e = )
it ol 401 B8 i A5 X A ol 2 RE AR R B T

1 R IE IE R TAE .

R B B e e e r MLAS 18 T o / 2 e
Femsl ARshvidy/ MR R AT HE P A A B L AR
SCAR ol 5 e A B Rl 4 ke 2 X R £ E
i+ JF DRSS A6 19 T T BE 5 1 il s kA
X TR LR BT 32 IR 0 B R TR % v RE R T A
(B SR i) B 52 i R L O e e 30 F 7 i
DR AL T AR .

2 EwFERBAEMA IR

B AT B T L A7 E i 2 108 e B S ke A A Y
JiE 5% 18 Bl i A i i BT R A A RE Y e
B AR M DN R S R AN A 1 iR . R
L HHE FRL & G 45 TR [ T R A 22 e A
PR R AR T DAL R R REER AR
A S Gk CEIV IR e ) 7 Y B 28 5 T e Al [ o
F . HL Bl Bk 0 5 1 BRI 2 il v o BB A 5

SR - i.._ —)
il ofe JAs
: Wy

ol Bk

llnlﬁibi r [ i e
1 e r & A LA, 149 D 2 5]

Fig. 1 Schematic diagram of piezoelectric generator
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Fig. 2 Configuration of magnets
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Fig. 5 Piezoelectric energy harvester and test system
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Fig. 7 Generated voltage vs frequency under

different number of rotating magnets
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Fig. 8 Voltage waveforms generated at 2 rotating magnets
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