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Studies on the Thermodielectric Generator Part (III)

On the Direct Generation of Alternating Electric Power with
Thermodielectric Generator.

Sanji FUJIMOTO Tadashi MATSUMOTO

In the present paper, the thermodielectric A. C. generator is dealt with, which con-
verts directly the thermal energy to the electrical energy through the thermodielectric
effect of ferroelectric materials such as barium titanates and their solid solutions.
Now, three types for such A. C. generators are presented as follows ; (1) the charge-
discharge type, (2) the feedbacked charge-discharge type and (8) the residual charge
type.

The charge-discharge type and the residual charge type out of the three are picked
up, produced trially and experimented. The sample (thermodielectric element) used in
this experiment is the ceramic plate made of BaTiO, (892%) + CaSnO, (10%) +
others (1.0%) and its area is 2.6 x2.6¢cm? thickness is 0.2mr and its Curie point is 287°K.

These samples of 2n in number (namely, n in pair) are put on each surface of a
2n-polyhedron and heated periodically by the rotation of the polyhedron which is locat-
ed between a 500W infrared lamp used as a heating source and an electric fan as a
cooler. Let f be the frequency of rotation, then the frequency of output voltage is
generally given by the relation F=nxf (c¢/s) (n equals arbitrary integer in type (1) or
(2), but odd integer in type (8)).

Two for n is chosen in the charge-discharge type and three in the residual charge
type. The maximum frequency of output voltage is about F=3 (c¢/s) in these experi-
ments, because the maximum value of thermal responce of this element shown above is
about 1~2(c/s). The waveforms of output voltage due to load resistances and heat cy-
cles are observed by a synchroscope.

According to these results, it is clarified that the higher resistance is suitable for
load in the charge-discharge type and the lower resistance in the residual charge type.
Moreover, the residual charge type has the following merit ; it is possible to generate
the electric A C power with the only one-touch-charging on a ferroelectric capacitor
before the operation.

Therefore, choosing 60 for n and 1 (¢/s) for f, with these samples, the electric power
of 60 cycles which will be adapted in future as a new kind of electric source is easily
realized.

As, in the thermodielectric generator, the higher insulating resistance of both the
thermodielectric elements and the circuits is demanded in order to avoid the leakage of
charge given at the bottom temperature, the influence of volume resistance of element
on the leakage is calculated numerically.

Finally, in the residual charge type which is cooled naturally without fan, the anoma-
lous phenomenon which the amplitude of output voltage grows up gradually with time
is reported.
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(a) (f)
f=0.067c/s f=0.067c/s
V :0.5V/enm V :0.5V/en
H : 2.6sec/cm ‘ H : 2.6sec/cm

(b) | | (8)

| £=0.1¢c/s f=0.1c/s
‘ V :0.5V/en V :0.5V/cn
| H:2.9sec/cn H : 3sec/cnm

(c) (h)

| £=0.167c/s £=0.167c/s
V:0.5V/cm V :0.5V/em

H: 1.225ec’pmi

H :1.3sec/em ‘
|

(d) (i)
£=0.25¢c/s . £=0.25¢/s ‘
\
V :0.5V/em ‘ V: 05V/cm |
H:1.1sec/cm ‘ H :1.1sec/cm
(e) ‘ ‘ (6))
f=0.5¢/s f=0.5¢/s
‘ V: OSV,/ m ‘ V: O.SV,/CW
H : 0.5sec/em H : 0.54sec/cm
\ 1
} Forced cooling with fan Natural cooling without fan

Fig. 16 Vr taken by a synchroscope (the residual charge type). Black mark indicates
0 =270°. V,=15"(effective), f,=60c/s, r=200()
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(b) Natural cooling without fan.

Fig. 17 Change of capacitance and temperature due to
the rotation of the thermodielectric element
(the residual charge type)

Y, B IED b ARICESNC A v X 2 % v AL =80H% AN, ET-DEERIOHERRDON
HEN ¢ BI n+¢ HBE L TI=115°DNE THERMAD L HITEHRE LT,

(a)
L =80H
F=0.133c/s
R =30M2
V,=10
‘ 35V/om
(b) |
[ L =80H
} F=0.5¢c/s ‘
R =10M2 |
V,=10" .

20V /em I

Before heating. After heating. |

Fig. 18 Comparisons of output voltage before heating and after heating.
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Fig 1813 HT & i o M 1 A 3, 3 7cb b (@) AL RL=30ML, [a[#5{K D 5 H =
0.067c/s (L7zn3 T, HJIREIEFF =0.133c/s) 1 L, M#Exfiichice & O NEENET
o> T, A UKETHERALTTIL 5o & O (a) f7 & i IUEBE = 2 L ¥ —VELKICEB I
L ENHLMNCHN D, 0, (@B FROTEED & FH 2= FAF - LD ¥ FARTH X
HiLAZ EBRLTW5(D)E, f1ERL=10MQ2,f=0.25¢c/s(F=0.5¢c/s) DHE % RTH D Th 5.

| (a) l (e)
.
F=0.5¢c/s ;
F=0.133c/s |p om
V,=10 ik
| Il
| m 35V,r'5m | ZOV,'/Cm m’—li
= |
[l o B
| - (b) (€3]
‘ ‘ F=0.2¢c/s B F=0.25¢c/s | ¢ |
| | (=]
| / , G |
% 35V /em 20V /em | —
S | - |
@ ®
~ | i . | - | <
/ E
| F=0.25¢c/s ‘ — e ' N R F=0.334c/s| §
? [
| 35V /em G S N A B L ; AN 15V ‘ F
Y . : = |
=) |
i @ GO
- \
= | 2
1 F=0.334c si | F=0.5¢/s | ‘;
|
\
‘ 1 35V /em ‘ 20V /em ‘ ‘
| |

Fig. 19 Waveforms of output voltage in various conditions. (The charge-discharge type)

Fig.19 (a)~(e)lZ R,=30MQ, REZKRD [AIBEEEE, +7cdb, By 1 2 1 f % FHFH0.067
0.1, 0.125, 0.167, 0.25¢c/s (XD & & D IEMEEIT TR L F=0.133, 0.2, 0.25, 0.334,
0.5¢c/s) TENEZ ¥ LEDHNBEMIVARLIDDTEHD, f NKIC 51T EHEIENE L
HEEBICHBEARERLEM OO THITHDORTHELONE VL K TTHZ 212
Teho TOFE, WO 91 2 Wi 2MEN LI It T b, £, (H~ILATR
P A UCRL=20MQ2% L, £f=0.125, 0.167, 0.25c¢/s (F=0.25, 0.334, 0.5¢/s) D+ & D
INFNDWKTH-T, (&), (de(g), (e)e(h) #HiILT 5 L iEICH 2 5 At D8
MRKEVC b5,

7e¥s, Figls XD bbb X518, ZOHETOBICKHT 5I6Z T Eiy1c/s ThHDT, WIIE
FEDFEEEO)R L D 2¢/slinfiE Th b 2 L avbn b,

(i) EREMA S Fig.20 3 3&7-=xf# A\ e Fig. 6 O@FEM IS L 5 HITEFRY
Tl oT, ZOHKEIRYBFEHETICV,=10VEE %, 0=100° DI CAM RLBhmnb L 5iCL
y

Fig.200 (a)~(e) (X#W 1 2 A ¥H: £=0.167 c¢/s (IR EEF =0.5¢/s) D& ¥ DAFRIC L
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LU OEALE R L, (D~ IXAW L R.=3.5MQ & —&iC L, #9127 L% f % 0.1, 0.127,
0.167, 0.5, 1¢/s(F=0.3, 0.38, 0.5, 1.5, 3c¢/s)e (LIt EDOWHTH D,

‘ (a)

)
R.=1.5M2 | F=0.3c/s
30V /em 35V /em

= | F=0.38¢c/s |
I [«
- =]
-
Il ‘
>
| |
| | o
| 2 ‘
n
o )
G (d) ) ‘ ]
@ &
S |
y R =10.5M2 | F=1.5e/8 |
. |
21V /om 14V/em ‘
(e) (i ‘
R =15.5M%2 F=3c/s
31V /em 14V /em

Fig. 20 Waveforms of output voltage in various conditions. (The residual charge type)
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B A 70 Z L ICHKEBREER VITEEINICO b, AMEEICER BB T, TR5EE
VAT e O L, BREM LTI DREYG 1 7L 2L ORED, il - HFORT-D
A & T CAMRHIRIE L Cfiiebil, AMDOKE INL OEMOBIBICEREYELY 52 5
A, AEREAE  AUE B OBER LA L, Leh-T, ETORSHTEFIT K
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61 RhEH HHEEHERE, FCBEEN FRACRC T, EBE X ORT- OB
MEOZ EPREREIND, $ LETFEEAELETQUEY S 2 CHRMRRE O Lic) o TERNEN
Qi olcHE, FFOHTEEIORNCRTMEL VNI kb LN,

¥, RTOEERER JOWFSEMKTY
_m
T-T. °
LHEDBHTEQ/QiE (722 L m=¢C*S/Q)

Ce= R.=R’,exp(—¢T)

I £ ”
FCD={T - (%—+ Tc)}exp(CT), p=C, T=n+T,
EhbbhEINB B,
X, Fig.10%8 R'=1.78~4.9x10'5(2), | e,
¢=3.8~4.1x10"%(1/°k) 25 Hh, *1, ‘
£ (c/s) 0.067 ’ 0.1 ) 0.25

L iE Fig 143 D £ 1 2 LIEo\ T A 28K |
BHEHENDHDT (=0 t=01, 6=360° ¥ [\]kx Ry =3.18X10:5((}) ‘
[

. 0.998 | 0.999 | 0.999
¥ r=1/f CHE+5D T Figld i3 TH t T £=3.8x10"%(1/°K)
BEPLLABD), GREACTEAD R | py_g 1g1000)
& . . 0.774 | 0.984 | 0.997
T2Q/Qekodl e TE, TNOORR | g o 100k
ix Table 1D X 51/ 5, | |
6.2 HPEH Fig. 193 X Of Fig.200 H! Table. 1 Leaked charge due to volume

resistance of thermodielectric element.

NEEv () ¥ AWCHIE T
_ 1 T e i
Pa = -TO .! RL dt ............ (13)

DESKDBND, ZZTCr MHAIEFEWORIC 1/FRr&E L, L, BHAEHFRCE -
TRHEEL VHEINRBEI VL/RL 2T Wb DE T,

9
w
1

0- 5
- —
2 -« Residuo,e Chwge"l’yrc = Ol Residual charge type
g R.=3-5Mn 2 T =05 /s
o2 - v Ve=10 v
[ vi= |0 Qe o3
3 = o]
A 0 g
e Chevgt - Dischavge Type E
B J Re= 30N 3
» v = 10V 0-1
§ g
0 N N 4 ) ) 1 P |
. . . . 20 o 1 L 2 i N a N
o4 o8 12 L6 z % € 8 10 2 m
FREQUENCY OF OUTPUT VOLTAGE F (%) ToAD RISISTANCE  Re { MSL)
Fig. 21 Frequency characteristics of Fig. 22 Load resistance charactefristic
output power. (experimented value) of output power. (experimented value)

Fig2l (1 FHEFH LT Re=30ML, V=10 ©} & T BHEHHA Tk Ri=3.5 M2,
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Vi=10"D % & THIBEEDFEEKFE (L7chi- T, B9 1 2 vl # 2t LeBa6DW IR %
3, ¥7, Fig.221 F=0.5c¢/s, V,=10" D} & CHMHIL R X2 L L& & DERMER L
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T H AR L OB AN E SR IR AR S X OREB 4 2 ABMDIEAET B C L 3T TIC
FR LI O BHEMHINCB TR L N2 D ENINBIFRI Db D,

6:3 HETHKEBEFRNOUE FHESHXEEAKESFRXOEGEHT AL FUTH LN
TilFEAE LB L =R F — O A BHINChE S 20, Lo OB T Elo\v L D
BHETEILFig.18, (a), (D)FEICR LicT & #1727 A0G 2 bivied & F5E 4~ IS X BEEMN
AT H LN EDIH L, BHEIBY 1 2 A5 BN WERD ARUHICERILD bbhitlo,
THI NS DE# A BIFIUE, () #B 1 2 VL IR ELVEE T A0, Tok 213 Fig. 19
()r(f), (&g BIv(e)k(h) #ENFRIE L Thn b X 5 ICHIITEEDTAMETATIC
WEARICE D, By 1 7 A% (TibbBETRE X - TORYEE S, (i) L& 2(X Fig.
190 (), (g) D X 5 ICAMAIVIE W& FICHNERIIEREHRNCR L mET DT, THEHO
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ADBENCEH B Uit — R T8 » TEIHE LW BRI L 5, (D) KRR id
HFOETHHE L TfTbN b, BR FRICEE ARSI/ NS WEAICHT 5, AL
TRARERHEEZ R D REL T LERMOBEENK L, HVEEN AT 2 210 b, (i)
FCENMEIC AN 5 7D B DR T-ORBEIH OMF 2 I THRTORE L VI BT INbdd, i
RoFRE kb, BHOBEEDORAMIEF A 2 5T b HA, AMOAE IICL - THAE
T A F T 5, GVBNERE, BROHEEEORXTE2 BN, T3 Hon kA el iui
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RS L L, TOMEET LRV THED MR CHiz S ¢ Ty 1 2710 & 52, ZDL
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(a) Forced cooling with fan (b) Natural cooling without fan
Fig. 23 Anormalous phenomenon at the residual charge type.
R .=3.5M&, V,=10v, F=0.5c/s, Vertical scale ; 35V /en.
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BEAET E O SRR LTV 5,



BFEEERECHET NG D 121

o, ZOEED (a) THITHETFTORESR IUHEARL Fig17(a) X D Ta=296°K, AT=
10.3°K(mr==0.035), Co=0.454F, AC=0.157uF(m.=0.35)T% b, (b)icI\ ik Fig.17 (b)
X9 Ta=330.3°K, AT=6.3°K(mr=0.019), Co=0.17u4F, AC=0.0324F (m.:=0.19) Tk -
o

DR, BSCONTOHMILL LD THOBERETHTETH S,

il

7 ¥

U ECBBFEROBHEHESLFIE L (EBCRMAEB LT S Be0HF 20X, £HROH
BEYHEL, T0) bORKEFAL BB FRCOWTEE, ERETk- TANE LU
BA A 2 VEROBIEC RS LiE T EAHEO M L,

T DR, BRFOBCKTHIRERREN1(c/s)Th 5D T60(c/s)DEHAMBEEET %
MRER LB DCRFET T B0l v r Pibihe Et, FORNBARSEOS
BEHAHEBIRELRD, 2L 2TBRMELS L YBNIOCESENED CHETE 50 CEWSE
DR HFEEN S, .

BB, AFRICHERAEEY WSV T» BIARRS IR, EF0EYEC S b o HEME
FriEBFEE, THEE, BERER L UREERCHAVG Wk EEOERCHELRT
%o Fi, FAUFRIBIMSSEENEHEBERBIFREREC L s L 2T %,

) FHRIESEoSK, EHRCHERTE EIRM) oRchERTE LicdoT

9) : BRYLMEE, 84, 1836~1845 (1964-11)
10) KO BUNEIRHEAHEE 3p-E-7 (1964-4)
11 ) EEXR, BAF : BEERBERESEAETREARE, 730 (1964-11)

(ARFN394E 9 A26A T8

55,
x i3

1) B & : BRFLHE 83, 2080~2088 (1963-12)
2) B A B K 2 K @HAEIEHEIEES, 12, No. 1+2, 129~150 (1964)
3) B K B K B E i #uEChYSEETEE 4p-1-8 (1963-10)
4) B K £ K BAO=RAF—-LESEREE, 2, No. 1, 426~436 (1964-4)
5) B & B K BRYSEHERTHMEBSHHAR (1964-4)
6) B K B X EUEEEARN 3p-E-6 (1964-4)
7) B A B A WSOEBRMNEAHEAKRS, 9 (1964-4)
8) B A B K WIERPIERPRE, 13, No. 12, 86~104 (1965)

i3 AN

i3 B,

* 7D, n=15 & LTF=30~40 (c/s) DARME BT 5,
(BH, BEX, BK, T ¢ BOEERUZESESKETH, 1000, (1965-4))



