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SUMMARY

Global energy consumption is increasing by the day, but the limited
resources of major fossil fuels such as petroleum, coal and natural gas are
expected to be depleted in the near future and likely to cause environmental
disasters if no sustainable resources are developed in near future. In order to
secure stable energy supply, strenuous efforts are made around the world
exploiting  eco—friendly energy resources in parallel with encouraging the
efficient use of energy in all sectors of society.

Low-temperature differential (LTD) power generation has the potential to
reclaim much of the energy consumed in buildings via harnessing various
kinds of unused waste heat discarded by outdoor units of HVAC systems,
cooling towers and heat pipes in buildings. On the other hand, much energy
could be saved in buildings if solar energy is wisely utilized where applicable.
As studied in the latter part of this work, installation of fiber optic solar
lighting could greatly reduce the energy consumption in buildings by reducing

lighting loads.

1. L'TD power generation

Research on LTD power generation was carried out by using power
generation via an LTD Stirling engine and power generation using
Gadolinium with triboelectric nanogenerators (TENGs). Especially, comparisons
were made calculating the mechanical output against temperature differences
and varying weights for a number of LTD Stirling engines. Of these, MM-7
engine showed the highest mechanical output of 2.98mW at AT=30°C. When
an AC motor was used, electric power of 0.09mW 0.12mW was measured. In
the case of the Gadolinium Magnetic Generator, by conducting the experiment
in the same manner, a mechanical output of about 29.4mW was observed at

AT=45°C. This is much higher than those produced by LTD Stirling engines.

IX



In the case of TENG, when both methods were applied at the same time, the
resulting voltage was as high as 105V. Based on these results, it can be
concluded that there are much room for utilizing waste heat using LTD

engines in addition to those used here in connection with TENGs.

2. Fiber optic solar lighting system

For fiber optic solar lighting, two different types of solar concentrators
(each mounted on a double-axis solar tracker) were used and their
performance were compared; a parabolic dish and Fresnel lens. Iluminances
of 400 T 600 lux were measured for the case of Fresnel lens, which are
comparatively higher those by the parabolic dish of 100 ~ 200 lux. It is
interesting to not about 5.9 million won of electric bill could still be saved by
hiring the latter over the period of 30 years implicating the cost effectiveness

of present systems.
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Table 2. A classification of collectors in light transport systems
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Fly Wheel

Power
piston

Displacer

Fig. 7. Photograph of LTD Stirling engine [MM-7]

Fig. 8 Photograph of LTD Stirling engine [KS90]
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Fig. 9. Photograph of LTD Stirling engine [KS90Twin]

Table 3. Specifications of L'TD Stirling engines

MM-7 Kontax(Single) Kontax(Twin)
Displacer
. 14 cm 7 cm 7 cm x2
diameter
Piston Material Graphite Graphite Graphite
Power cylinder Borosilicate Borosilicate Borosilicate
Material glass glass glass
Flywheel 12 cm 8.25 cm 8.25 cm
Overall height 20.3 cm 13 cm 14 cm
Base plate 16.5 cm 9.2 cm 18 cm
Weight 500 g 172 g 350g
Temperature
differential 4°C 10°C 10°C
required

32



re
re
-
rr
)
g
—Hz
o
ok
g
—Hz
lo,
ro
o
)
Ho
N
)
o
uj
(CT
re
-
)
™
021:1‘
i,
2
<
>
-

o AA7tES 98] WiseThermAte] HP-20DE AF&3}91 ).
AIZE EmERle] 7hsabn Hl = 380°C, $0.3°C o A™EE 2=A 7t 7
o

Stk LTDAR S $4 A ofzte] £5¢o] MAREE dBdo=0 AL 1

a9

FA7 F g4 Q=S nGAD el 28e AWsHan Fig. 102 2
AME B REAIES BelF

Fig. 10. Photograph of hot plate

33



D Ketgf <&

#8353 0.0

o A (k-type thermocouple)=

(o)
H

AJr

o

Jjo
—_

] midi Logger GL820E &

stttk Fig. 11 A}

sl 715

Fig. 11. Photograph of k-type thermocouple

34



T AFEGe A3 AZS 53 HolEFFo] st
HA A7 58tk g9 20ch - 200ch 74A] &4o] 7lsam A Ad 449 ¢
& @ F Adrk =3 Ay
A/D ZAWEE A5}
Row e 7k 9l

i)
ok
i
ftlo
:5;‘__'1
oo
ol
ol
2
to
)
N
)
pIe
rlo
r o
o
2
[-40
=
o
a
A\
o

o
rir
ke
-
[N

Nt
[-40
b
to
B
i
ol
[
>,
N
N
el
o)
M
ol
uj
lo,

AA Ea&s FEAHY 2gom Azt

1

Fig. 12. Photograph of data logger

35



el

T
w
™
el
g
i

o

Ho g JtEgw

=
=

)

N

\_a
I

ox

+
el
o

B

o

olo

N

el

2
=

E

Ea

AAE A7 A

Aol 74 ol A o

~©

H9d A7 2 midi LOGGER GL820& A+

)

D 7tEdw

d
i)

=™ 20°C o]

WA &

-
1

ol A

jgasel

O

(MRDel A =

NS

Tor

)

9 Abg A o 24

-
1

Al (contrast agent)® AR-& &

F5)

A

%0

Nfo

A

1 A} 2.0 A

[e)
32
1

3

o,

gl A= 7]

i

&= g

-
1

1

S

j
a-

g A5 7]

-
1

= 0]

A7kstol

o
FAAZ ATV Bep el =

4
il

A2 ZA

&l k.

j
a-

FARE ALEE 7

¢}

A0
X

lem#*lem*lcm 2

-
1

o %y

i3]

stgom AR 7HEY

ol Fig. 13 7}

=

el
e
a3

o
e

i

0

9

1

N

A A}

36



Fig. 13. Iecm x lem x lem gadolinium
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Fig. 14. Photograph of refrigerating bath circulator
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14 ALex 2d &% 4 ; TENG(Triboelectric nanogenerator)
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Al electrode-2

Al electrode-1

(C) Disc-1 Disc-2

Electrometer

Fig. 15. Fabrication and assembly of TENG part :
(a) Al electrodes fabricated by laser cutting of Imm thick Al plate,
(b) Al electrodes attached to acrylic disk, (c) triboelectric surfaces

comprised of Al electrode(disk-1) and FEP(disk-2)
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Fig. 16. TENGs integrated with a L'TD heat engine :
(a) an actual photo of LTD heat engine integrated with a TENG,
(b) a schematic diagram of the experimental system, (c) a close view of the

disks arrangement (of TENG-1)
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2.1 Mechanical power

el

iy

B

e

i =

¥

O

A

B

fren
=)
<
7

B4 Fo= LTD

-
1

o] XY=

249

o]

bl ot

S

st2

=
h
HolEx S5Hol

) &3t}

A =3k ek,

N
N
o
Wr
&

Fo) WeE w7t

=
-

wK

M
ol

Aot

stol dold ghe

FAE A4

)

3}
=

of WAES FI O T

3]
=
9@ Alzgl Tl

Fxr 24

KN
T

o 2 ALt

=

=
=

27F H=A

el e Fig.

KeX
=

ATt Fig. 1791 714

o~
T

41



LTD Stirling
engine

Fig. 18. System for mechanical power calculation
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Fig. 19. Position of hot water and cold water in

Gadolinium generator

Fig. 20. System for mechanical power calculation in Gadolinium

generator
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2.2 Electrical power
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Data logger

AC motor
AC-DC converter

Resistance

Fig. 21. Schematic of MM-7 electric generator

MM-7 Stirling engine Thread AC Motor Data logger

Fig. 22. Experimental output using MM-7 engine
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Gd generator
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Fig. 23. Schematic of gadolinium electric generator

Fig. 24. Gadolinlum generator with magnetic shield
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2.3 TENG(triboeletric nanogenerator)

D #s e

TENGY Zs 489 %= Fig. 259 Yeld el TENGE Al1HE tj~

3 2o dFvulE HA= 2709F FEP(fluorinated ethylene propylene) 2 & (H =
E 359 dF¥)er 7Y FH ofa¥ AIaAUER FAFHoQ)
FEP7} SAH(AAE G4 45)5 2= &9 Al 49 39S 7HX|7] 43

(AAE 470 9, FEP 98 9 Al 3¢ np2 17] groed 489

TENG®l 9&) oluA7} AAHE WadES F 714 F2 A7 e
AA, 7] JF5 did @A =4, &3 IJd Ad = dA7F do A4 A
HA GA M= FEP AW ES &F1w T34 JFA e, + x99 =
ol mr=7] wiEel A= FrlEelA FEP fwleom MuAal a2 A FEP

A AR 3|AA ROl wel ke A20 A4 ALE 9]
T3l HlE=dl, FEP W] o]Fakx & & Hdatd o A @ AAE F
gstetth. 7] ZAAZE A wE dgo] dukieln Al WAl GA A=
FEP7} A2¢] HAZ $1A]e] mgsta tivkgo] a7t Al® o] &8kl Heo A2
o= FE Folerte] AA HM, 1 F AlS Fdl| FEP A1WEY}L o] 535
Aok ek ol HA dACAE AR AlddlA A2E FHEol7 FEP AlIWE
7 A AR Fobd wizhA widg] W R HFE LA TI=H 7] 7A 7}
A Mg 4o Fukior},
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Initial contect electrification

I
B ) — | |

A1 I Al-2 Al | | Al-2

Al-1 Al-2 FEP

—
| 2 [t ans o]
[y [ 4 ] - | [ ]

Al-1 I Al-2 Al1 | — I Al-2
1 !

4 [eermmm==] 3 ===
[ FHEF] [T ] = [+ + | ]
Al1 Al-2 Al-1 Al-2

l—rc:l—l I—i:l—l

Fig. 25. A schematic of TENG operation in sliding mode, [7].

2) LTD & <17 o] §: TENG Zeholg 4

[e]

Fig. 26> Sdtold WAl #s & wjo] A4 TENG-LTD 4 <zxle ®
& Yehlm ol W, LTD 9 4%

oy

rfo

= 380°C)F AH&skle™ LTD &€ dxlel 12 3l A9 H 2= ¢F

o)

8°C R 23.6°C (ST= 74.4°C)Foll A SAH .
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Fig. 26. Experimental layout of TENG driven by a

LTD heat engine placed on an electric plate heater

3 Leteldw AT 4 J% Felwae 489 TENG

Atk o] F shbi FEP 483 Al W39 ¥ 308 MM, tE
MEue 2 eolt)
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Fixe
i
Glass siide |
Alfoil sl
FEPfilm— ;
Afell —* 1
Glass siide

Fig. 27. Two TENGs integrated into LTD heat engine
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AR W EAL AARE § AR AAA gFAXe] r=Fxr 24 7% F
th o714 r=Fxr=mxgxr & o]&do] E AT AH&E LTDAXS E
a2 Axkednh %2 AT=10°C ¢ 2% 200mg & AHEFS we 24 ~dgg
Az ¥ EIE Table. 4 o YeEFHSITH

32

Table 4. LTD engine torque(200mg)

MM-7 A (mg) = A} 271455 (m/s2) | SHA]S(mm)
200 10°C 9.8 10.25
E3 = 0.02009(N)-mm
. A (mg) RN § 5271455 (m/s2) YHA] & (mm)
Single 200 10C 9.8 9.25
E3 = 0.01813(N) mm
Twi A (mg) RN § 5271455 (m/s2) YHA] & (mm)
win 200 10°C 98 12

E3 = 0.02352(N)-mm

Table. 4 oA & 4 Axo] FLF 2%3 AT=10°C ¢} 200mg o =

ftlo

o4 S Al Twindl®e E=A7F 0.02352[N*mm]Z 7F =goer tpgo=w 7}
ZF MM-7<17 0.02009[N*mm], Singlel® 0.01813[N*mm]e] E=7} =5 A}
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2) £xAd] me Aerd 289 dde Nz &9 W

ZFEHF-oF g Bk 2%k 10°C, 20°C, 30°C, 40°C oA 543 A=At
298 A Z9S Fig. 28 yEuddth o wf, LTD<XIe] =¥
P=FxV=mxXgxXl(distance/time) 2 7AtEo}d = At}

2EX0 E ABE AT E =

07

06

05

==

=

E{ 04

— ; ——MM-7
= L —@l=—Single
é == Twin

¥
r'd /
0.1
) /
1

-
03
/
e
02 - i
/
P
0 20

AT(°C)

Fig. 28. Output of Stirling engine against temperature difference

=443 AF200mg LA AeelA AT=10C 4 W, MM-7d71¢] %ol
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2 X 8l E30 E &EE(MM-7)

5
45

4 /
3.5

3 /

==
=1 — ——10C
/ P
25 /ﬁﬂ_,ﬁ-. —.—0C
g 2 i ——30°C
./:”‘.—__—_- —_——A07(
15 —

1

.5

o i T + T *-

010045 0.2009 030135

EFJ(N-mm)

Fig. 29. Output of Stirling engine against temperature difference

and torque(MM-7)

25X 3 E30 WE tHHE F EH(MMM-7)

0.00025

0.0003 /
==
=
24 ooo02s
= /
sl s,
= 0.0002 e 10°C
= A{"' = —-—z0C
T i
= i /”_‘-_'—-—- —tr—30°C
——a0°C
Bm 0.0001 =
o —
0.00005
R A\.é i &
0.10045 0.2009 0.30135

EFJ(N-mm)

Fig. 30. Specific output of Stirling engine against temperature

difference and torque(MM-7)

2EA AT=10°CY A% %o A% 2g 3 3g oA 29 2 5
of 24 Fakglom, AT-10°CS %2 A9 F& 2 g 010045N+mm]
oA AT=20C, AT-10°C, AT=10°C &3] A4 Az w5 288 nyo

B olge] EA ke e Aol Fd8 e &Y e welzth
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LTDAZ(Twin)e] Al Agzx71 2 ZFAHulolH= Table. 6 o YeIA S
M, £EA % Edd e £ exa % Edd nE uaud g Eye
7+ 7} Fig. 31, Fig. 320 Yerdet

Table 6. Performance measurement data of Stirling engine(Twin)
Twin
AT 10°C 20°C 30°C 40°C

F H™H9g 1 2 3 1 2 3 1 2 3 1 2 3

E3

Nmm) O 0 0 0118 0 0 0118 0.235 0 0118 0.235 0

=HmW) 0 0 0 0431 0 0 1204 0.501 0 2072 0.992 0

ERE,
=Y 0 0 0 00000495 0 O 0000138 0.000575 O 0.000238 0.000114 0
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=2 X 8l E3J0 ME &3 (Twin)

1.5 \ —— e
. = 20°C
"\“‘\-
~— —A0C
'\‘a-\.
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o + T L
010045 0.2009

EFJ(N-mm)

Fig. 31. Output of Stirling engine against temperature difference

and torque(Twin)
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Fig. 32. Specific output of Stirling engine against temperature

difference and torque(Twin)
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- Single

LTDA X (Single)e] HA A7 2 ZFAd o8+ Table. 7 o YERIA S

eEA P Eae e Y3 exd 3 Bad 02 auy g 29

5

rlo

’

7} 7} Fig. 33, Fig. 34 YeER AT},

Table 7. Performance measurement data of Stirling engine(Single)

Single

AT 10°C 20°C 30°C 40°C
= 2 1 2 3 1 2 3 1 2 3 1 2 3

=4 0o 0 o0 0 0 0 0 0 0 00965 0 0
(N-mm)
E¥mw) o0 0 0 0 0 0 0 0 0 0513794 0 0
Ero R

=" 0 0 0 0 0 0 0 0 0 0000118 0 0
(MW/mm?®)

2=X U E30] E &3 (Single)

0.6
05 =
==
= 0.4
E! ' \ ——10°C
—
3 0.3 —8—20°C
= N\ s
0.2

- \ —A07C
0.1

EIJ(N-mm)

Fig. 33. Output of Stirling engine against difference and

torque(Single)
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2= X H E30| WE S EA Z E3H(Single)

000014

0.00012 \
0.0001 \
——
0.00008 1o0C
\ ——20°C
0.00006 s00C
\ e

0.00004 \

0.00002

(uy/paou)

0 —& T Loy T s 1
010045 0. 2009 030135

E3JA(N-mm)
Fig. 34. Specific output of Stirling engine against temperature

difference and torque(Single)

Singleq171 9] 49 AT=10°C, AT=20°C, AT=30°CellA A7F 1g, 2g, 3g &F
50 &9A Keern AT=40°ColA 1ge] F& B°l&d F 2g ¥ 3g 2 &
o g& A RKsh= Axrt vk

LTDA ] 71414 Z8& A&e 23k MM-79] Ao &3] AT=40°C
oA of 445mW 2 71w AbEE QT ofe] LTDIR 2Ry dA7]4 &2
S dojulE ATE MM-7A3S o) 8ste] e IR
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o 91 A A o xo
T=FXr=mxgxr & o4& & Aol ALLd 7tEgw Sddxe EAE At
sttt A& b5g, 10g, 20g, 50g # =<°] ¥4 tmm oA 7HEEw EH A
Ag)= AZdE EAE Table. 8 o e AT

Table 8. Torque by mass
Gadolinium
AHg) 2714 % (m/s”) YHA] &(mm) EF(N*mm
5 0.245
10 0.49
20 9.8 > 0.98
50 2.45
Table. 8 o YERA wle} o] 7} AP JlEely S A e Eae A&

5g, 10g, 20g, 50g ol wg} Z+F 7} 0.245[N+*mml, 0.49[N*mm], 0.98[N*mm)],

2.45[N*mm] o2 AFEH AT
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AT=20C oA %% A % A#& 5g, 10g, g, 50g = w7 ZA59
om 22 20127 A HAXEE 120RPM 0% 499t ol 1o %
SR £EE 40°C o AL FEfA LEe 20°C o|th. Table. 9 o
AT=20°C oA ¢ 54 dHelHE Yt

Table 9. Performance measurement of gadolinium generator(A T=20°C)

Gadolinium
= 20°C
FA%K(g) 5 10 20 50
&3 (N-mm) 0.245 0.49 0.98 2.45
Z21(mW) 2.94 5.39 0 0
EEEEE
94. N 114.6497 105.0955 0 0
(r/mim)
AT=20°Coll A A& 20g, 50g & Eo&8#] K3l om d#hg oA RPM-2

°F 11464[r/min] =2 ¢F 294mW = YElsgtor A& 10g o4 RPM2 oF
105.1[r/min] &% ¢ 539mW = YElGTE Fig. 359 AT=20°C A< =4
gz E e

AT20°CO|| A ZEF0f| HE rpm, &

160 353
E 2
140 =
= 30 2
—_—
3 120 = -5 3
=. -
=0 - zog
20
- 15 MErpm

=)
=]

=MW
- 10

&=
=]

20 »> -5
-

0 = - 0

0 10000 20000 30000 40000 50000 60000

0| ¥ (mg)

Fig. 35. RPM and mechanical power vs mass(AT=20°C)
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3) AT=30°CellA] A=l & 7l=2ls &3 2 RPM

AT=30°Coll A =4~
n 32 Sol&r] A W& Es 125RPM o2 ZAFATh olu ne9f AF

frAl X 50°C oW A9 ZsfA 22X+ 20°C o|t;. Table. 10 o A

Table 10. Performance measurement of gadolinium

generator(A T=30°C)

Gadolinium
AT = 30°C
2% (g) 5 10 20 50
E 3 (N*mm) 0.245 0.49 0.98 2.45
ZZH(mW) 3.136 5.586 9.8 0
%%Q.ﬁ%\— 107.0064 108.9172 95.5414 0
(r/mim)

AT=30°Celld A& 50g & Eol=dA Xstsler Adbg o4 RPM2 oF

> ]
107.0[r/min], =& ¢k 3.1mW =2 yYelgoen A= 10g oA RPME oF
1089[r/min], &9& <ok 55mW = uyEhyon A#20g oA RPMES  oF
955[r/minl, =¥

gze ey,

2 ok 98mW = urElRTh Fig. 360 AT=30°C o149 =4 =1
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AT30°CO| M ETFO|| I E rpm, &8

— 160 35 5
= 'e]
3 140 L 30 E
= o
3120 L as =
= = = 3§
100
— - - 20
80
- 15 ®rpm
s - =2 mw
- 10
40 -
20 & 5
*
0 = o
o 10000 20000 30000 40000 50000 60000

Fo| E-(mg)

Fig. 36. RPM and mechanical power vs mass(AT=30°C)

4) AT=40°CollA A=Fo] & 7l=2ls =3 2 RPM

AT=40°C A &=H A F AZHS 5g, 10g, 20g, 50g = =71 =AH3A
om F& 5928 r] A S HEEE 145RPM o2 FAHHACE ojwf, a9 =
THA 22 60°C oW A2 AEfA 2= 20°C otk Table. 119]
AT=40°C oM<l 54 dolHE et

Table 11. Performance measurement of gadolinium

generator( A T=40°C)

Gadolinium
AT = 40°C
F A2 (g) 5 10 20 50
E I (N*mm) 0.245 0.49 0.98 2.45
= (mW) 3.185 6.664 12.25 20.09
EISEEIES
) 124.2038 129.9363 119.4268 108.9172
(r/mim)
AT=40°C A& Ao AL 5 BF So&xon Ags5g oA RPM

rio
12
—
DO
=
o
=
~.
=
2.
i
I
rlo
4

°f 31mW = yetstow A7k 10g oA RPM< of
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1299[r/min] &¥-2 ¢ 66mW = uYEyom, HAF20g o4 RPM oF
1194[r/min], =¥ ¢ 122mW = uYEyom, A=50g oA RPMS oF
1089[r/minl], 22 < 20.0mW = YERSTE Fig. 379 AT=40°C o A< =4
g zE veRyh

ATA0°CH|M Z 0] U}HE rpm, =

= 180 EC iy o
o O
ilﬁm EN) rED
= | =
120 B o —_
- 25 3
=100 g
- 20
20
- 15 MErpm
60 > * ZH(mW)
L 10
40
'S
20 -3
S
0 0
0 10000 20000 30000 40000 50000 60000

0| EZ(mg)
Fig. 37. RPM and mechanical power vs mass(AT=40°C)

5) AT=45°CollA Ao & 7l=2ls &3 2 RPM

AT=45°C oA Z=AA F AZHFS 50, 10g, 20g, 50g & =7t =AU o

2 Eolee)y] A IWEEE I8GRPM o2 AU o ne9 2%

A LEE 65°C oln AL FERFA LEE 20°C olth Table 129 4
T=45°C o4 ¢ %4 delHE vhehych
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Table 12. Performance measurement of gadolinium

generator( A T=45°C)

Gadolinium

AT = 45°C
FAZ(g) 5 10 20 50
E(N'mm) 0245 0.49 0.98 245
ZSH(mW) 4067 6.86 12.93 294
SR HT 55598 133.758 1261146 114.6497

(r/mim)

il

AT=45°C ol = AT=45°C oA} 22 Az Ao ALE3 5 BF &

ol

olgg on A5 oA RPME ¢F 1585[r/min], 8-S °F 40mW = vteby:
om A7 10g oA RPM2 ¢F 133.7[r/min], 3 °F 6.8mW = UYEE o
AF20g oA RPM= °F 126.1[r/min], 32 °f 129mW = depyston d
50g oA RPM< 9F 114.6[r/min], 2 & °F 294mW = YE}lytt}. Fig. 380 A
T=45°C oA el 54 a5 Heblth

ATA5°COj| A EEF0| W2 rpm, =8

= 160 EL T o]
~ - O
3 140 i =
_ ™ Py 30 F
— = -
I 120 =
=. 25 3
=100 g
- 20
80
L 15 Erpm
&0 L J +* ZSH(mW)
- 10
40
*
20 = -3
0 0
0 10000 20000 30000 40000 50000 60000

Zo| EE(mg)

Fig. 38. RPM and mechanical power vs mass(AT=45°C)
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3.3 Electrical power ; A<Ex ~€&glz

LTDAX A A74 &8s 27 A &9 ACRHE TH7|ZAME st &

9o Qlglow] ZtgRe gARe ER oF AT=25C™ 30°C AtelolAe] A7)

—

Fig. 390 &d&Aol ACEH D/HE AZ2des 459 k3 ACEH 37hs
AEdz A4S 450 dde ARy 2x mE 2z 2 Yehf At

4.5 30
—%Exi
woozm *
aav - 25
34

L
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(
(9,)33

Rl 2 ] 15
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N O®ormmih~oos®ooominm-ao o o D oo Mmoo Ngzmoom
sl T T EAARARAN AR ARA PR R R Srer|
AZHSe)) \ :
LED HZ 74 X3 of 5, LEDHZE=
o 38v BE 74 HE EE T merorisy
ks

Fig. 39. Electric power using the LTD heat engine

ACRHEE 283t 295 54 & 239 =¥ 17 944 +3telA LED 944
Al Ak oF 15V, A+ oF 0.06mAT0.08mA 7F S =Jqow, By 37f A4
AA Rl Atk oF 38V, dFES o 0.19mA™ 0.23mA 7F SA A
ks oF AT=25°CT 30°C AtelolA e =382 17F 44 A 0.09mW™ 0.12mW
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3.4 Electrical power ; 7}

el

=K

45°C Afofel| A o] Azt

b oF AT
Fig. 40, Fig. 41, Fig. 42l 7} 7} A
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Fig. 40. Voltage change over time(AT
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Fig. 41. Current change over time(AT
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Fig. 42. Electrical power change over time(AT
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Table 13. Performance measurement of gadolinium electric generator( A T=45°C)

Gadolinium

| Voc =1.58V, A& = 100kR

V) AR(mA) =3(mW)
1 0.44 0.0044 0.0019
2 0.41 0.0041 0.0017
3 0.36 0.0035 0.0013
4 1.21 0.0049

folon A 100k 3ME Adste] =AsAS A AYge 77 0
041V, 036V A7 2+ zF ¢F 0.0044mA, 0.0041mA, 0.0035mA = =A% Ut}
o] W =¥& zz} 0.0019mW, 0.0017mW, 0.0013mW 7} ZA4Ho] & =%
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(a)

Al-1 Al2

v, )

-B0 — =t
100~ -100 —

30 40 S50 60 TO 80 S0 100 110 120 120 130 140 150 160 170 180
Time (s) Time (s)

Fig. 43. Performance of simplified TENG operating in sliding mode :
(a) Simple experimental kit composed of two Al electrodes and a FEP film,
(b) Forward and backward sliding for electricity generation, (¢c) Ve

produced, (d) V.. rectified
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AR o 0.017pA H=e] Hiso] AT}

TENG® =92 4= Az =aA E&ste=d A4 WF A3 200GR
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Fig. 62. Solar tracking system using Fresnel lens and parabolic
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