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Abstract

Voltage-Time characteristics of Fe,0,+Nb,0,’s thermoelectric material was measured with Turbo
Pascal Program suscessfully
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2) &Wmanfomafinem mwuhuq1nm1ﬂﬁwﬁq1ﬁﬁﬂﬂngmmfmﬂﬁﬁLﬁnaﬁntﬁn%u’lum: Pl Xt H
eshEdniint i eudzaamuesnnnn saisluiis |, 183 ADC 0809 iNewnsunAuBuRENTY
wraRuRdnen duinuiiref (74L5244) uas ET-PC 8255 Card idnhflunenfiamef pewfiaunedaz
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enaATesTl

Program Voltage_vs_Time_Graph_for_Thermoelectric material;

uses crt, graph;

var
grdrv , grmode , grerror ; integer;
ch : : char;
const PA = $0304;
Pcontrot = $0307;
Procedure axis;

var p, q: integer;
tex :string;
begin
grdrv:= detect; initgraph (grdrv , grmode |, 'c:\ tp\ bgi'); setgraphmode (grmode).
line (50,50,50,305); line {560,305,600,305);
line (50,50,600,50); line (600,50,600,305)
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settexistyle (defaultfont, horizdir, 0);
for p:=50 to 600 do
begin
"if p mod 32 = O then
begin
line (p+18,295,p+18,305); str( round {p/32-1), tex); outtexixy (p+18,320,tex);
end,
end;
settextstyle(defaultfont, horizdir, 0); y
for q:=50 to 305 do
begin
line(45.9,55.a) ; str{((305-q) mod 5)+1).tex); outtexbxy(20,q,tex);
end;
end; -
end;
procedure plot;
var [, x,y, DV :integer;
AV, V,C, g :real;

begin
outtextxy (235,10, THERMOELECTRIC VOLTAGE VS TIME CURVE'},
outtextxy (235,18, Y

outtextxy (50,30, Voltage (V)');
outtextxy (540,340, ‘Time (s));
outtextey (48,303,);
begin
porl[Pcdrmol] = $90;
fori:=0 to 5500 do
begin
DV := port{PA);
AV = (5/255)*DV;
V:=AV;
X :=j+50; y:= 305-round((255/5)*V);
lineto (xy); Feuned Vs T uuas
delay (30);

end;
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readin;
closegraph;
end;
begin  {main}
repeat
axis;
plot;
ch := readkey;
until ord {ch} = 27;
end.
HANISNARSA
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N V)

t¢s)

o o I ax o d
a2 rusenesRareFlusnwussunefbAEnsninAnuulsemunsases

Anrinammaees
w.Nn"u'lﬂﬁfwﬁuﬁuwmaﬁaqmaﬂuﬁlﬁnn?mﬁnﬂnmmhuﬁﬂﬁdnnmumﬂﬂuﬁﬂnﬁqhu'lﬂq«
Rl
slsuanimanes
17 Fe, 0, + NbO, uaminuniRmefluBidneiin unnrdeuseneRame MATawTEas T unnd
FrAusnoda unidiinituiuosyedianmeshadnetn
1anmseteda
sefy Wufusgnd RandiangidnTmnaniind maSniand ansinemenf
intfuserarusiund 2548
Mttp:/iwww. Eit.co.th, Manual of ET-PC8255 card, 2005-2007.



140

umAn meTausauliihATusuiaanresingnesluBiannineeanis Fe,0,+Nb,0;
aelhisunndidmiuiin

sedn Wuflasgni' uss usK. finm wuuw
Thongchai Panmatarith and Sujitra Hanon”
viaulfiRmeAndian mATAANA Ancineamand uwAnedaasranushmd walug) aman
90112 Usznalne
unAnsa

PrnrTauniuininfiduiunenesiagmeludidinainesns Fe,0,+Nb,Ofulunnitnudn
Dusndnia
Abstract

Voltage-Time characteristics of Fe,0,+Nb,0,’s thermoelectric material was measured with Visual
Basic Program suscessfully
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pdewin I ArewAReuRanRaae e Bou HaotusneAng i niteussiune fudidnssn
(V) (Rsan Hassnusasuiiinanlutinu mv 3afenillaenesan Op Amp 741 Weldusesulugos ov fe 2v &l
uanadlAussdumeTudidnein (v) Fsuiune ()

2) d@eullsunsudmiunisiamsnouausref@sunsiratesianmesludidnsin

{ael$T1lsunsu Visual Basic

\la Visual Basic 6.0 ufa@enaiauennairduuiy Standard Exe

Lﬁaﬂﬂngﬂﬂﬁ’ﬁﬂmﬁﬂﬂuiwsaaauuﬂafuﬁm]-ﬁ' 414

~: Project] - Microsoft Visual Basic [design]

E}"ﬁ"ﬁlﬁﬂ $ BB O]y Hé‘lﬂﬁﬂ‘a&_ﬁ 0,0 37 7005 x 6930
=1l ~
Mesamze |

|- Project1 - Sujitra (Form)
w. ADC Graph-Thermo-VysTm [

] '-"34 SEELL i 5. Projectl - Microsoft V.. 5 : EN
J -« ¢ ar i ¥
7 4.1.4 uaminimpsulnsasLLefuRBUAAINITTANIABLAUBIFEAINTENTDY

Jagneflugianmin

Properties Window
VERSION 5.00
Begin VB.Form Suijitra

Caption = “ADC Graph-Thermo-VvsTm By Suijitra”
ClientHeight = 6375

ClientLeft = 60

ClientTop = 450

Clientwidth = 6900

LinkTopic = “Form1”

ScaleHeight = 8490
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ScaleWidth = 11880
StartUpPosion = 3 “Windows Default
Begin VB. Timer Timer 1

Ir;terval = 10

Left = 3480

Top = 5760
End

Begin VB.CommandButton Command 2

Caption = *Stop”
Height = 495
Lek = 1800
Tabindex = 1

Top = 6760
Width = 1215

End

Begin VB.CommandBution Command 1

Caption = "Start”

Height = 495

Left = 240

Tabindex = 0

Top = 5760

Width = 1215
End

Begin VB.Labet Label 20

Caption = 0"
Height = 255
Left = 240
Tabindex = 21
Top = 4320
Width = 375

End
Begin VB.Label Label 19

Caption = “o"
Height - 288
Left = 720

Tabindex - 2

L
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TOp = K040
Width = 255
End ,

Begin VB.Label Labet 18

Caption = Q"

Height = 255

Left = 5520

Tabindex = 19

Top = 5040

Width = 255
End '

Begin VB.Label Label 17

Caption = g
Heigt = 375
Left = 5040
Tabindex = 18
Top = 5040
Width = 375

End
Begin VB.Label Label 16

Caption = g
Height = 2585
Left = 4560
Tablindex = 17
Top = 5040
Width = 375

End

Begin VB.Label Label 15

Caption = 7
Height = 255
Left = 4080
Tablindex = 16
Top = 5040

Width = 255
End
Begin VB.Labei Label 14



Caption
Height
Left
Tablndex
Top
Width
End
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— “6!!
= 375

= 15

{3

5040

= 265

Begin VB.Label Label 13

Caption
Height
Left
Tablndex
Top
Width
End

= usn

= 2565

= 320

= 14

= 5040

255

Begin VB.Label Label 12 -

Caption
Height
Left
Tablndex
Top
Width
End

1

Begin VB.Label Label 11

Caption
Height
Left
Tablndex
Top
Width
End

Begin VB.Label Label 10

Caption
Height
Left
Tabindex

i}

g
255
2640
13
5040

255

“ge
255
2180
12
5040

135

-
255
1800
1



Top
Width
Begin VB.Label Label 9
Caption =
Height =

i

Left =

Tabindex
Top
Width
End
Begin VB.Line Line 17
X1 =
X2 =
Y1 =
Y2 =
End
Begin VB.Line Line 16
X1 =

X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 15
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 14
X1 =
X2 =
Y1 =
Y2

End

Begin VB.Line Line 13

it

135

ye
255
1200
10

255

4560
4920

5160
5160
4560
4920

4920

4200
4200
4560
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X1 =

Y1 =

End

Begin VB.Line Line 12
x1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 11
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 10
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 9
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line 8
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line7

3720
3720
4560
4920

3240
3240
4560
4920

2760
2760
4560
4920

2280
2280
4560
4920

1800
1800
4560
4920

1320
1320
4560
4920
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X1

Y1
Y2 =
End

Begin VB.Line Line 6
X1 =
X2 =
Y1 =
Y2

End

Begin VB.Label Label2
Caption | =

Height
Left
Tabindex
Top =
Width
End
Begin VB.Line Line 5
X1
X2 =
Y1 =
Y2 =
End
Begin VB.Line Line 4
X1 =
X2
Y1
Y2 =
End
Begin VB.Line Line 3
X1
X2
Y1 =

147

860
4560
4580

880
880
4560
4580

“Delay Time"
255
4320
9
5880
855

600
840
2400
2400

600

840

3840

600

840
3120



Y2 =

End

Begin .VB.Line Line 27
X‘I‘ =
x2 =
Y1 =
Y2 =

End

Begin VB.Line Line 2
X1 =

Y1 =

End

Begin VB.Line Line 1
X1 =
xz =
Y1 =
Y2 =

End

Begin VB.Label Label 8
Caption =
ForaColor =

End

Begin VB.Labe! Label 7
Caption =
Height =
Left
Tabindex
Top
Width =

3120

840
1680
1680

4560
4560

1440

4560

XXX
&HB0000015&

“Time (s)”
255

148
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End
Begin VB.Label Label 6

Caption = “Voltage (v)"
Height = 255
Left = g
Tabindex = 6
Top = 1080
Width = 975

End

Begin VB.Label Label 5

Caption = "2°
Height = 255
Left = 240
Tabindex = 5
Top = 1680
Width = 255

End
Begin VB.Label Label 4

Caption = "5
Height = 255
Left = 240
Tablindex = 4
Top = 2280
Width = 255

End

Begin VB.Label Label 3
Caption = "1
Height = 255
Left = 240
Tablindex = 3
Top = 3000
Width = 135

End

Begin VB.Label Label 1
Caption = *“0.5"
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Height = 255
Left = 240
Tablndex = 2
Top = 3840
Width = 258
End
End

FnilAnfdafemusammhnussmsiammmsusussiearisfeurseiumneiludiinsdn

'ADCGraph-Thermo-Wvstm

Private Declare Function Inp Lib inpout32.diI* Alias *Inp32® (ByVat PortAddress As Integer) As Integer
Private Declare Sub Out Lib "inpout32.diF Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As

Integer)

Public pwrite As Integer
Public pread As Integer
Public chObuff As Integer
Public ad0buff As Integer
Publici  Asinteger

Private Sub Form_Load()
ScaleMode = 3
DrawWidth = 2

pwrite = &H378

pread = &H379
Timer1.Enabled = False
End Sub

Private Sub Command1_Click(
Timer1.Enabled = True
Form1.Refresh

End Sub

Private Sub Command2_Click()
Timer1.Enabled = False

End Sub

Private Sub Timer1_Timer(}

I
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Fori=56 To 400

Out pwrite, &HB

Out pwrite, &H3.

Out pwrite, &H1

Cut pwrite, 8H3

Out pwrite, &H1

Out pwrite, &H3

Out pwrite, &H0

Out pwrite, 8H2

Qut pwrite, &H)

Out pwrite, &H2

chObuff =0

Out pwrite, 8H1

For readcount = 1 To 12
Out pwrite, &H3

Out pwrite, &H1

Next readcount

For readcount = 1 To 12
adCbuff = (Inp(pread) And 8180}/ (2 ~ 7)
chObuff = chObuff Or (adObuff * {2 ~ {readcount - 1))
Out pwrite, &H3

Out pwrite, &H1

Next readcount

Qut pwrite, &HB
Label8.Caption = chCbuff
V = 100 + Cint(chObuff / 20)
PSet (i, V), QBColor(10)

Call delay

Nexti

End Sub

Sub delay()

Times = Timer

Do

DoEvents

Loop Untit Timer >= Times + 0.002
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Label2.Caption = Timer
End Sub
3) & Run tufinun
HANINARRY
nmadsuTusunsudmiumsdamsnausuassiaanieuses FeNbo, latlinedusudn 4214
NEUAAIAIHANAUEIEWINIUTIAU TN (V) usziam (s) ﬁep]ﬁ' 415

nivlimam RIS Iith (V) uazna ()

1.5

usaduIrith (v

0.5

1I01(s)

1R 4.15 nemuamamnndoRuzEwinausedulii (V) uszom (s)

Aneiuamenanes

SamnefuBidnsin (Fenbo) Dufsaisnnoulissmrdeudiulnih  nssosambeulideian
mefbiddiniin ukainWussuinirnadenianmeshididinadn AuassuusenexfomeiniayReuuse
usmsWihindaqmeflidifinsin asnsreususseauiauls ua::auﬁﬁ'nwi’aqmaﬂuiuﬁmﬁn‘ﬂmmm
ihlsegniidwihdsgnmndl
squnanInnem

umfmnﬂamlﬂnauﬁomamﬁhm‘éﬂuua:l‘ﬂrunmﬁLiﬂu"}ummmﬁnmmﬂmumvimwhwwﬁ'aq

mefluBifinsin (FeNbO,)
nsTaeia
sefs Wufusrd Aandnadidnlnneniind nadrAand ancinemens

HinsnfussausTund
Hitp:/mww.Ett.co.th, Manual of ET-PC8255 card, 2005-2007.



153

42 mussatulAvsusdumeilufidnainifuiugamgi

unann mruanaduldsrewsruineiiddnsinifuiuguugiesams Fe,0,+Nb,0,
matlsunsainailuthasa
(The thermoelectric-temperature curve dispiaying of Fe,0,+Nb,O, material
with Turbo Pascal Program)

- o of - &
ga¥e Wusnsgns ATl WTMIN
Thongchai Panmatarith Chirapom Sriprom
mMeA3NANd aoinenmasf anvinendossnanusiung

Al

UrngmsnimefiuBidnsin (thermoelectric effect) w3 UrmsnRiun (Seebeck effect) iy
Urngmenfifedestuliiuazmnde madisnefl@idnain (hermoelectric generation) iunzutse
nivuenfouliiiundanuinin drdninmassiagmefludifinviniidn z Awums Z = P avk
o udunls=Anddiun (Seebeck coefficient) G (luanminInin (electric conductivity) use k dusmwin
A ¥R (thermal conductivity) fwiuiamnefdidnsinfiamuin 2.0 uszG Sann wh k ilMndlen Saniid
Mgunaninufianefiudifinsiin (thermoelectric generator) as#esdifn Z wan ﬁ'qmjmmﬁ'l‘!ﬁﬁaqmﬂﬂu-
ﬁﬁnn?nﬁqmw;ﬁq« (high temperature thermoelectric material) 1¥uri FeSi,,CrSi, SiC usx ZnO s
Faathatu Urngmsalinefiudidnsnanansohibnstisseav s i lusnsuasqunsninisreusua e
rteu (hud

FmqsrasfiReunnudilAeres uﬂﬂ"umﬂﬂuﬁtﬁnn?nﬁ%uﬁuqmugﬁ'nm 12 Fe,0,+Nb,0, Aot
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Experimental Procedure
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183 Fe,0,+Nb,O, Auneaifawed

2) @enaluisunsy -

Program Thermoelectric_Voltage_vs_Temperature_Graph_for_Thermoelectric_Material;
uses crt, graph;

var grdrv, grmode, grerror : integer;
ch :char;
const PA =$0304;
PB - =$0305;
Pcontrol = $0307;
procedure axis,
var p.q : integer;
tex ; siring;
begin
grdrv:=detect ; initgraph{grdrv.grmode,'c:\pibgi’);
setgraphmode{grmode);
line(50,50,50,305) ; line(50,305,600,305);
line(50,50,600,50) ; line(600,50,600,305);
settextstyle{defaultfont , vertdir,0);
forp:=1t025do
begin
line({595-21*p), 295, (595-21*p), 305); striround(B*p,tex);
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outtextxy(21*p+55, 310, tex);
end;
settextstyle{defaultfont , horizdir,0);
for c‘iz'—‘— 50 10 305 do
begin
if g mod 51 = 0 then
begin
ine(45,9.55.q) : str(( {(305-q) mod 5)+1)°2, tex); outtexbay(20,q,tex)
end;
end;
end,
procedure plot;
vari, j, x, y, OV0, DV1 . integer;
AVO, AV1, VTh, VT, T : real;
begin
outtexbay(235,10, THERMOELECTRIC VOLTAGE VS TEMPERATURE CURVE);
outtextxy(235, 18, : o
outtexbey(50,30, Thermoelectric voltage (v)); o
outtextey(540,340,Temnperature (C));
outtextxy(48,303,™);
pori{Pcontrol 1:=$90;
for i=1 to 100 do
begin
for j:=0 to 550 do
begin
por{PBL:=0; {io}
delay(15);
DVO:=pori{PA);
AV0:=255)"DV0;
VTh:=AVU;
port{PB):=1 {11}
delay(15);
DV1:=port{PA];
AV1:=(5/255)*DV1;
VT:=AV1, w
T:=(VT-2.73)/(0.01);
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x:=round((525/200)*T+(200/525)*50; y:=round(305-(255/10)*VTh);
line(x,y.x.y);
delay(0)
end;
end,
end;
readin;
closegraph;
end;
begin {main)
repeat
axis;
plot;
ch:=readkey;
until ord(ch) = 27,
end.
3) del¥npafamefinen muadeumnmitiminihinngnminefhEdnsinfisduluss viused
meflBdnminiiivanekoneenuninineenie deralUi lo 183 ADC 0809 BuAusIFUBISaMTuULAY
Aanen declmiTrives (741.5244) uns ET-PC 8255 Card it tunsnimef 14 LM335 Jagrunniivesans
feuraAulrtfintidin 11 uliadatinu ADC 0809, 7415244, ET-PC8255 Card dnamsfaimefilui penfinuefas
usnaduTAundanefddniinitutugompiludadifnidulAiusannngmeime s &nsindenn

mandnsny

Results and Discussion
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Program Thermoelectric_Voltage_Versus_Temperature_Graph_for_thermocouple ;
uses crt, graph ;

var

grarv, grmode, greror | integer;

ch : char;
const
PA = 30304 ;
PB = $0305;
Pcontrol = $0307 ;

procedure axis;
var p, q.integer;
tex : string ;
begin
grdrv : = detect ; initgraph ( grdrv, grmode, ‘¢ :\tp\bgi®);
setgraphmode (grmode) ;
setcolor ( 15) ; line { 50, 50, 50, 305 ) ; line ( 50, 305, 575, 305 ) ;
iine { 50, 50, 575, 50 ) ; line ( 575, 50, 575, 305) ;
settextstyle ( defaultfont, horizdir, 0} ;
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for p:=1to25do
begin
line { ( 595-21 * p ), 295, (595-21 * p ), 305) ;str (8 * p, tex) ;
omtexb(y\(21 * p+55, 310, tex ) ;
end ;
setcolor ( 15 ) ; settextstyle ( defaultfont, horixdir, 0) ;
for q =50 to 305 do
begin
if @ mod 51 =0then
begin
line (45, q, 55, @) ; str ((((305-q) mod 5) +1) %2, tex);
outtexbey ( 20, g, tex ) ;
end;
end ;
end;
procedure plot ;
var i,j, x, y, DVQ, DV1 ! integer ;
AVO, AV1, VTh, VT, T:real ;
begin
setcolor (3) ; outtextxy ( 205, 11, * Voltage vs Temperature Vurve * ) ;

setcolor { 3) ; outtextxy ( 205, 18," R

setcolor (5) ; outtextxy ( 50, 30, * Thermoelectric voltage (V)');
setcolor (5) ; outtextxy (460, 330, * Temperature (degC)*):
setcolor (5) ; outtexixy (48,303, **);

port [ Pcontrol ] : = $90

for 1:= 110 100do

begin
for | = 0 to 550 do
begin
port[PB]:=0;
delay (15);
Dvo = port[PA];
AVD = (5/255)%DVO0;

Vih | = AVD;

N
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port[PB]:=1;
delay (15) ;
ovt @ = port[PA];
AV1 : = (5/255)*%DV1;
VI = AV
T = {VI-273)/(001):
X : = round ((525/200)%T+50); y:=round (305- (255/10)*VTh);
setcolor (15) ;line (X, v, X, ¥) .
delay (15);
end;
end;
end;
begin { main }
opet :
axis ;
plot;
ch: = readiey ; -
until ord (ch) =27 ; o
end.
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