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Construction of Electromagnetic Energy Harvesting System in Semi-Active
Reaction Force Compensation Linear Motion Stage
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Abstract: Recently, carbon emission reduction in semiconductor manufacturing processes is continuously
required. In this study, we devised a energy harvesting system for using the abandoned vibration energy in
Semi-Active RFC linear motion stage. Harvested energy is used to remove static electricity. By driving the
linear motion stage, electrical energy induced in the form of 3-Phase AC was rectified and harvested in DC.
By adding the relay, we can apply extra coil as harvester while using the control of extra damping force.
Battery was charged and static electricity was removed with the ionizer using charged battery.
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Fig. 3 Extra coil detail view

Table 1 Specifications for Semi-Active RFC
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Table 2 Kind of RFC mechanism

Passive Semi-Active \ Active
e b e
F7t ax e 7t =9 AN, 7571, 7t =9
" o AR A% 2dE TE] AT
SISk vr oFF AL X 93 oA
=24 59 A 4 3t 24
73 A A & 7 A 7} 17}
¢l Table 2= RFC mechanism®] +& 3 L 545 Yebd Folt} Semi-Active RFC 57} U= 7+
de g nhyl B AFES F7b =Y FW 4] A% WSS Pt sfedlele] Wl uhe}
goli= = Aol WAS, ol §E= ARES WEolWIT. oW WA FE AR A7 Ao W
B Wsishs W) A BRI R AR 252 2] %) RS Fe AT & W) fE
Aol b F7h 2 Rtk el WA wEh Age SR e s2= ARE 24T 5 ok we

>

A 7t 203 A2R AZS 2Ashe PR RS AT & ek oln) F7b 2AL A4 AUA
shilsElo] o3 e A S vk B AL 5 3 Al wAlshs fE V1dee ekl
MA AHgstaat sk & o] g A Aol Ao] 2udATh: WAL /I, olF

B3} A
ngel7] 98] PWME o83 A AolE 287
3} FQeA 728 2do] 7}

=z = =
T Ak OAE Aloje AHE ARsHA] FouAM A7

olr
ol
Qo
o

223 AHEHN
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Table 4 Nomenclature
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Fig. 4 Free body diagram of Semi-Active RFC mechanism
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2.4.1.1 AC/DC converter M=t

oscilloscope

Fig. 10 3-Phase full-wave rectifier breadboard circuit

Table 5 Components of 3-phase full-wave rectifier
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Fig. 11 Result of using 3-Phase full-wave rectifier
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Table 6 Current measurement using AC/DC converter based on resistance
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Fig. 17 AC/DC converter and relay

2.4.2 DC/DC converter

Fig. 18 DC/DC converter

Table 7 PWR060010 specifications

Category Specifications Category Specifications
Input voltage 7-18 V Stable output current 2A
Output voltage 5V +6% Maximum output current 3A
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Fig. 19 Experimental results used DC/DC converter
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Fig. 20 Battery charging module, battery indicator and batteries
Table 8 SZH-LP001, SY-LD224, J5019 specifications
Category SZH-LP001 SY-LD224 J-5019
Battery specifications Li-ion 3.7V Li-ion, Li-po 3.7V Li-Po 3.7 V
Capacity 2600 mAh - -
Range - 33 V~42YV -
Input voltage - - 4.5V ~ 8V
Output voltage - - 43V ~ 27V
Charge voltage / Current - - 4.2V / Max 1A
Output current - - Varies by voltage
Output power - - TW
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Fig. 21 Electrostatic removal measurement

Table 9 Ionizers specifications

Electrostatic
meter

Electrostatic

generator

Category Specifications
Input voltage DC 5V
Output voltage DC -4.8kV
Negative ion density 4000000pcs/m 3
Power 0.5W
Table 10 Electrostatic meter specifications
Category Specifications

Input voltage

9V+£10% (Alkaline battery use)

Sensor

Oscillating chopper type (DIT)

Distance

25mm (+0.5mm)

Precise mode

+2kV (£10%)

Expanded mode

+20kV (£10%)

Range / Autochange

Ton-Balance mode

+£300V (£10%)

Resolution

Electrostatic voltage mode

10V (-1.99kV~+1.99kV)

t ot o my

100V (<-20.0kV, >+20.0kV)

Jon Balance mode

1V

Response time

1sec

Communication

USB communication

Ambient temperature

0C ~ +50C (32~122°F)

Ambient humidity

35~85%RH (No condensation)
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Table 11 Probable cost of our system
5 ERC)

UPS =& [J5019] 2,700

olt]AlolE ®E 3.7V [SY-LD227] 3,000

47 WjE]g] Zr] [LIBH-ANC-P4] 3,300

5V A9 gEdoly ZE [PWR060010] 2,100

3.7V 2600mAh 2] F =7 WiE 2 [SZH-LP001] 22,000

3. A1t 3 EQ
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Electrostatic
meter
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Fig. 22 Electromagnetic energy harvesting system in Semi-Active RFC linear motion stage
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Fig. 23 Detail view of electromagnetic energy harvesting system

Section A: Turn on Electrostatic generator
Section B: Turn on Ionizers

Section A Section B

Fig. 24 Graph of results of electrostatic removal experiments using ionizers
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