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2007

ABSTRACT

Induction 'Bearing 'Heater .is presented. \It'is sample to _construct due to no special
control requirement. It needs the accurate temperature device, DS1820, to_calculate and predict
time and show the temperature display. The principle and condition of the design are described in
the project. The experimental results show that the output power, current ; time for bearing
expansion. The price of designed induction bearing heater can be -compared with the price of

market induction bearing heater.
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2A879 2 7@ JImT0U N1LN2 @il Wuagumunwnaniaeiiu Fand
unuaxi1euiRg  Ferromagnetic fiflen permeability , qalﬂatﬁuuﬁummﬂ fin
t, =4rx107 Him &WUe1 permeability maﬁﬁ@l‘é‘u, p defieindy g, p, looft
p, o relative permeability  lunidlvasunundautadnid o a’m:;‘imgaﬁa
2,000 — 4,000

T lluganand ( flux) ﬁtﬁﬂmnmmﬂuda:m mansoupnleiiusadiu
fia leakage flux, ®! Wz~ magnetizingflux,/ dm 13 2 sauazpnimuaiienali
du + enunglorrufioudufianaamswatainisualiuraaia

TumsiipsisinTautasiniidennfasamualiisntanuasifismansinasen

. < v o o oo
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1 = P11+ Oml + B2 (3-1)
02 = O12+ Dm2+Dml (3-2)
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YANATAT 1 WUl WA leakage . flux, | @m2  fitineInnizus naauly
P y - P
2089971 2 Uz link TRRINTAN 2 Uszef 1 vnTey
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wyzluaraniusiauds teakage fiux'/, @l “aravzlailink” nnvavvasvasIafivhly
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vemIaganionenelil ink nnsavvatvemiaingeniia (11 Oml eneazly link
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NNIaUIIARIATAT 2) WTzaziulunfifiasiierdesRTmiteiwausey
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aunﬁ"lv\lﬁ'mmmgm"ﬂﬂu'lu;sﬂmao matrix l@eaft

v=Ri+9% (3-3)
dt

loafl R=diag[Ry R, ]
'y . wooas e -
AMUFIUNL Ry |, R, Uazflux linkage A1,A2 duWusivaesegafi 1,2
sy lasuadld O(d2) a;liﬁ’m'i']mwsauam‘.}ﬂﬁ N1 (N2) a9
P
vamarafl 1(2),
[ [ o~ & . [ A’
arldnnudunutves flux linkage , e9dk

A=V, (3-4)
2= N,®, (3-5)

Tonfl @, uaz/@; Ewliemuauna (3 <1)uas (8-2 ) ausie

A - o L o R Py a v
’N%‘SYIL'ﬂBHIUJﬂuYI'NLLJJmﬂﬂT.G]UYI!J 1“7:1]1_]“.””4aﬂﬂuﬁnﬂmzt'ﬂalau

o 3 =

liifemsands (saturation) Mszuntiinin’ AaasaRsan e TEuy

[

' =3 14 o = [ _ w & A‘
LUARNRUNBN W IWATIRU. ( linear ) LAz Wang  Ua1aIn

(D“=& (3-6)
Rll
Ni
o =11 3-7
ml Rm ( )
AL (3-8)
RIZ
N,i
O, =12 3-9
m2 Rm ( )

lasfi Ry uar R, fin reluctance VaILFUNINLNNT leak YIWANT ( reluctance of

leakage path )} WaQMIzWIN | U N ( ampere- turns ) #i8 mmf ( magnetomotive
P o [ 3 '3 .

force ) Tadmamlannnguasuenudi ( Ampere ‘s )
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Reluctance Vaid@wmluunuinwWdndriin ( reluctance of leakage path ), Rm
d' o d'd ' ) L [ [ 4
mamuam'lugﬂ 341 mmmgnmmm‘lvﬂmunummgnmmmmwa IMANUFUNRD

1
a1
/
R:—A Amp/Wb (3-10)

Taofl | sanusdnvedumIfinandsian

{ mean of equivalent length of magnetic path.)
A d e

A AHUNMUIReTaIUNY

K : permeability 18IUNU

UNUAENNTT (3 -6) B9 (3 “9)@dlurums (3.4 1) waz(3-2) wled

d =Nlil+Nlil+N2i2

3-11
'R, Rm Rm ( )

Ny, Ni N,
b o B WA L

(3-12)
R, Rm Rm

D,

UNUAIENNNT (3 -11) uaz (3-12) aslugums (3-4) usz (3-5) ale

Nzli] + Nzli] + MNZiZ
R, R R

m m

Al = (3-13)




N%i

)1‘2: 22+N22i2+N1N2il

{(3-14)

L Qe - J ! [ o
Q:Lﬁuvlﬂ'l’lﬂuﬂi':ﬁﬂﬁﬂjﬂﬂ 2 INaNWINIWENNT (3-13) ‘IJuE)filﬂlJﬂ’]H'JHTE]]J

[
=l

i 1 1 |1 [ o
VNYANINTAN 1 Uaz reluctance WoITzULUNMAN udliluagivgad 2 lurimas
W@AINU SIMTVANNNT (3-14)

[ I‘.‘t o . v 4 :
Aanl ot mue ( define ) I(nau self - inductance leveait

2 2
LI]:L.}.&
] m
=y Y (3-15)
2 2
TERKe B,
{2 m
=L12+Lm2 (3-16)

laof Ly _usx (-Ly ). A8 leakage inductance Ta3208780 1 ust (2)

MUV LA Lt <0 Lz fa magnetizing inductance ‘llad‘nﬂmﬂ'gﬂﬁ Tumz (2)
o as [ e [ A‘
MUSIFU LAaZIIMAUNTI(3 - 15) Wz (3 -167) sz laanusunutaadt

Liz m (3-17)
NZ N'l

D e a ; 4X .
dmdulszinfuasneaui 3 luguns (3-13) uar (3-14) Tadueyiy

° & o v & . o

VIWIUTOVUUOIUARIAND 2 1291 Qnmv&uﬂ'lmﬂu mutal inductance §34

112 = N,

(3-18)

m

MM

I21= (3-19)

m
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winledn L12 = 121 use mutal inductance fianuFuwusny magnetizing inductance

s A‘
A3

Il= NZLm]
Nl
= %Lnﬂ (3-20)
2
FauananTodien fluxleakage luzues matrix 16t
A=Li (3-21)
Tafl
</ [ 2
= Ly L
LZ] LZZ
N
[’ll Wi Lml FZLMI
L AL 1
=l (3-22)
_]Lm Ll + Lm
N2 2 2 2

KASAANTOUNUAT inductance matrix_ RIIWENNIIWTIARIAN (3-3) 1Ham
o o« = [ . Y . v &
wesauyadifianudnsasdugl 1 16 ( equivalent T eircuit ) asil
IINENMT (3-21)

1

Al= Ly + L, (iu %EJ (3-23)

/’L=L,2i2+L,,,2(~%[’~i,+in (3-24)

2
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2 1

o

N, + o
=24, g el 4, il
M

w3D Nji, = N,i, (3-25)

A » A.' - 5#‘ 3 v a 1 ] o

Foansanuinie i, Inaluweadagafi 1 azlkiia mmf (ampere-tum ) sy
P . P 4, o g Y

mmififieannnizus i, malurasagan-2-dwviaduiunislendio ( transfer ) n3zus

lwsaaiazai 2 Wieaagan 1 lapilirasiagen tillwuaaiadibs ( reference

coil )

o = 9 v - ] N . Y a o [
lwihueadieaiu AnRanunudnnay Fllz sanaauys 4l

gl
Nyji = Nji (3-26)

ﬂl'z Lo AI ﬁ‘ e & = 1] -~ “ =
'lwnu L A ﬂ?:lLﬁL&Javlﬂﬂ'lu‘?Jﬂﬂ'Jﬂ?;ﬂﬂ 2 92 Malifa - mmf Wiy mmf HiLtiean
) d ) o =) . : e
i, naluvemmuef 1 Toinudunialandie nudlusasiagan 1 Wdeaa

7af 2 IINFUMT( 3= 25)

2} i,
L =—%i (3-27)
Nl
A J & 1@ o s ) & 3
Famsuaouarudsesliminiaa s power ) WWReh aank
iz'vzl =5V,
oo
wufe
. N,
v, =—Llvy, (3-28)
N2

3 °
@

Lie99IMIney fiux linkage Jnszdln volt - second aasuluntsunusaudsine fazvi

Talurhusadparuussaulwiuduluauns (3 - 28)

wudi A =2Lg (3-29)
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i v N b
UMUABNNT (3 - 27 ) a9lWaNns (3 -24) Wz (3 - 24 )i Fl azldinew

2
' Py Y N v
A, uatlaunw L, e N2 L, luguns (3-23)ld

'm]
1

A=Li+1, (il 'H;) (3-30)
%=L;2i;+l‘m1(il+i;z) (3-31)
2
laud L= (%} o (3-32)
2
FUNTITUTIAU LA a:ﬁgﬂﬁai‘{
 SHY
v, = Ri+— 3-33
1 1°1 dt ( )
. % G
=R+ 3-34
| v, 2% ) ( )
laoh
N 2
RIS _LJ R (3-35)
2 (NZ 2

3.2 argaanieleia
igyFsludania(copper loss) Ju Mastwihig utﬁu"lﬂ'lummmwaaumﬁm

1
=l =l

'lwwutﬂumﬂﬂﬁunu uwazvandsnd N Iﬂﬂn"!m'lﬂﬁ’mi;( muumtﬂauwsﬂmu A
Fou Feeuvindy I'R + LRy =(I,)*R,, mmgtymuu wﬂuﬂ‘immnswlmﬂ‘lnaﬂn
o & & & - | o ' ' o e
fdmes uassziiwhinszuafazfouidasegious ududvinasaslnaniaziidniu
winls
AgguFoiiiossnnizuainaiu  ( Eddy current loss) duasgodeluunu
a - Y - ; a o 8 va o & o P
man  asndwusuimanialmisninldifeussenlwirawluinwndn  ounu
L% o I.: L 8 -1 W 1 = [} A H‘
wanzesndandaniwndnnonan 'luuua:mauummmanag FavziURuuLasany
oy o & oo P o o & “ v A o ar =
anfiswly amanuTaniionihuseaun Wi awlvunwnantd aluseeuasinsus
& Py “ S = - - o
maw ( Eddy current )iulwiftamdn nazuglvarulufiemiwduufinn  Wasinman

va o ' V2 4 o i
nazudnarmudaaasunu S liiinng SIFYLRDIIAY 12R=? TR WA
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V
| = — 3-36
i 7 ( )

dWa i = nrzuaiilh A anudd)
= anudndnd v (laa)

V
R = andsiunu Q dand)

ausrunu i (R vasmasin i suliudadauasonuanueiuaziiu

[P S

o & A' ﬂ' 1 ar ar [N a d. L = ]
FARIUNAUALAUNNUIGE A UTUIDUARIHATFUNRD Iﬂﬂuﬂﬂﬂﬁﬂﬂlad’iﬂﬁl LU 8AN

L e ; -
aumulvi poeais fs
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R=p— (3-37)
i A
' v A A o o 4 | A - a
WU DTAIFNINO N WATUN I I TINIAINTMTUIRONFUNDUDWIL /1D
A Om?
p=R—= =—-m (3-38)
m

J ! . = o )
mMIARauNTaINI: Llﬂ'lw WHUDARIN El’]'i)Wi]"l‘im'ﬂMEﬂﬂiﬂﬁ ANTINATN um"lwﬁ’l ununoe

a;li'lugﬂmaoﬁmwﬁmmu'lwﬂﬂ flo

o=— (3-39)

PNFNMIAN JINAREARTT WaN MmN UTauRzauaz e

P=I’R (3-40)
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o= 2| ul" Watt (3-41)
e B, = snuvwwiwduusuiiningege

E= ANUTUTILEWINUNINGN

V. = natmaunuingn

f = Al

A o - A o e o .
\Waflezaallymivasnugyioiiiosnndsnasds el 1funu
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3.4.1 maflusmia (Thermocouple)
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3.4.2 RTD (Resistance, Temperatere Detectors)
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o =—PH, (3-44)
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3.3.3 meilmaal (Thermister ' Thermally . sensitive resistor)
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e N = V/(4.441AB,,)

fmualn f= 50 Hz
A= 25 @y.4.
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4.3 MIDANULLIITATIUANATINIDUUAZIIATAAY
7aAIUQUANNTaU '

gamunuayauaTassseaiugniiunazeIfumMIiiuges Microcontroller
lopazld PIC 16F877A Lﬂuﬁdﬂizmama@m‘]ﬁ‘:amin'mﬂﬂﬂﬂqﬂnﬂﬁvmG]'lum%"aa
vgigafugniiu  lapfud  input 30 Push button switch Wadumaheulagld
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( MAIN PROGRAM )

wamefieman
" BEARING HEATER "
Please set temp

<>

36

yres uamnsdasay L
- | "BEARING HEATER 7 &
SET: 60-110.C

BEARING HEATER
Min | .SET: 60 C
BEARING HEATER
SET: 70 C

)

1

i

|

|

YES v
BEARING HEATER
LED &Awfpasdn SET:105 C

uemdinmanu )
» BEARING HEATER " BEARING HEATER
TEMP SET: 60-110 ok? Max  SET:110,C

YES )

founnigandi TEMP SET ) fumgfisanda( TEMP SET)

‘ )
Relay 1Uma4as Relay Uma9at
LEDusadne LEDwgssaine

Temp is:xwxC Temp is:x0xC
REMOVE BEARING LanadanIy Temp setiox C
P "TEMP IS: XXXX = [

4
sin
L 1)

mm.ss SET: 60-110C

4.7 flow chart WRSINITVNIUYEY Microcontroller
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" 220 volt

40

A1519N 4.2 HRDINAREIAITINN @ﬁugnﬂmﬁumuﬂuﬁnmo 3513, (AU YOKE 2 3.

%THDv Naun1sNases 1.5 %

Temperature | Time(Min) |« Primary Primary “{"Power(W) 9 POWER | %THDv
°C) Voltage(V) | Current(A) FACTOR
30 0.00 220:4 10.62 110 0.0470 1.8
40 0.20 219.4 10.65 110 0.0471 1.8
50 0.47 219.5 10.65 110 0.0471 1.8
60 1.07 219.6 10.65 110 0.0470 1.8
70 1.32 219.7 10.65 110 0.0470 1.8
80 2.01 219.3 10.65 110 0.0471 1.8
90 2.34 219.4 10.65 110 0.0471 1.8
100 2.58 219.4 10.68 110 0.0469 1.8
110 3.50 219.5 10.65 110 0.0471 1.9
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o & A [ - v o
AT 1N 4.3 Naﬂ'ﬁ'ﬂﬂﬂﬂﬂﬂfﬁﬁ 2 ﬂﬂuanﬂulﬁuN’]uﬂugﬂﬂqﬂ 3.5 93. iU YOKE 2 7.

%THDv fiawn1snNaaay 1.6 %

Temperature | Time(Min) | Primary Primary | Power(W) | POWER | %THDv

°C) Voltage{V) | Current{A) FACTOR
30 0.00 219.6 10.65 110 0.0470 1.8
40 0.25 219.5 10.65 110 0.0471 1.8
50 0.44 219.5 10.65 110 0.0471 1.8
60 1.03 219.6 10.64 110 0.0471 1.8
70 1.30 219.8 10.64 110 0.0470 1.8
80 2.00 219:4 10,64 110 0.0471 1.8
90 2:33 219.6 10.64 110 0.0471 1.8
100 2.53 2194 10.64 110 0.0471 1.8
110 3.46 219.5 10.63 110 0.0471 1.9

4 I‘: 1 gt = g [ ar
A191911 4.4 HANNINARBINTIN 3 ﬂangﬂﬂutaumuguﬁnmo 3.5 1wy, MU YOKE 2 4.

%THDv faunIInaasy 1.5 %

Temperature | Time(Min) | - Primary Primary. (| Power(W) |-POWER | %THDv
°C) Voltage(V) | Current(A) FACTOR
30 0.00 219.9 10.65 110 0.0470 1.8
40 0.28 2199 10.65 110 0.0470 1.8
50 0.47 219.9 10.65 110 0.0470 1.8
60 1.10 219.9 10.65 110 0.0470 1.8
70 1.37 219.9 10.65 110 0.0470 1.8
80 2.03 219.8 10.65 110 0.0470 1.8
90 241 219.6 10.65 110 0.0470 1.8
100 257 219.7 10.64 110 0.0471 1.8
110 3.55 219.7 10.64 110 0.0471 1.9




& » d‘ i ) o .8 [}
M1919N 4.5 mmauua:mmﬁuumummgm’nmwamimam ﬂangﬂ‘ﬂumumu

quﬁnma 3.5 9. f1afy %THDv fauwnImesss 1.53 %
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Temperature | Time(Min) Voltage(V) Current(A) Power(W) %THDv

rc) MEAN | sD MEAN sD | MEAN | sD | MEAN sp | MEAN | sD
30 0.00 | 0.00 [ 219.97 | 0.40 | 10.64 | 0.02 | 110.00 | 0.00 | 1.80 | 0.00
40 0.24 | 0.04 | 219.60 | 0.26 | 10.65 | 0.00 { 110.00 | 0.00 | 1.80 | 0.00
50 0.46 | 0.02 | 219.63 | 0.23 | 10.65 | 0.00 | 110.00 [ 0.00 ; 1.80 | 0.00
60 1.07 | 0.04 | 219.70 | 0.17 | 10.65 | 0.01 | 110.00 | 0.00 | 1.80 | 0.00
70 1.33 | 0.04 | 219.80 | 0.10 | 10.65 | 0.01 [ 110.00 | 0.00y 1.80 { 0.00
80 2.01 | 0.02 |.219.50°10.26 | 10.65-}(.0.01 | 110.00 | 0.00; 1.80 | 0.00
90 2.36 |0.04 | 219,53 0.12 |/10.65{ 0.01 | 110.00 [ 0.00 | 1.83 | 0.06
100 256" | 0.03.| 299:50} 0.17 | 10.65-| 0.02 | 110.00 }.0.00 | 1.87 | 0.06
110 3.50 -|"0.05 | 219.57 1 0.12 { 10.64 |-0.01/] 110.00 | 0.00 | 1.90 | 0.00
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3.50

3.00 4

2.50

o

2.00
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1.50

1.00

0.50
0.00 -

N 4.11 ﬂ‘nwuammqmuqﬁﬁunm'uamﬁugn‘ﬂmﬁuﬂmﬂuﬁnmq 3.5 .
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A ) - W -3 Lo -1 Aot [}
gﬂn 412 nﬂwuammqmnqunum:uﬁauwm;amauQmJuLaumuguzTnma 3.5 9.

P & a w | v o, a
AVTNN 4.6 HANIINARSIATIN 1 waugnﬂumumuﬂuﬁnma 6 Td. NU YOKE 3 T,

%THDv flauninaasy 1.5 %

Temperature | Time(Min) | Primary Primary | Power(W) | POWER | %THDv
°C) Voltage(V) | Current(A) FACTOR
30 0.00 219.9 8.15 520 0.2901 1.8
40 0.30 219.9 8.12 520 0.2912 1.8
50 0.43 219.9 8.11 520 0.2916 1.8
60 0.59 219.8 8.11 520 0.2917 1.8
70 1.04 219.8 8.1 570 0.3198 1.8
80 1.24 219.8 7.98 520 0.2965 1.8
90 1.45 219.8 7.96 520 0.2972 1.8
100 1.56 219.8 7.94 520 0.2980 1.8
110 2.06 219.7 7.93 520 0.2985 1.9




o L oa o v o %
M1 9N 4.7 HRNITNAADIANTIN 2 ﬂﬂu&iﬂﬂulﬁquuﬂugnﬂ’m 6 73. NuU YOKE 3 ).

%THDv fiaun1Imaaed 1.4 %

Temperature | Time(Min) | Primary Primary | Power(W)| POWER | %THDv
cCc) Voltage(V) | Current(A) FACTOR
30 0.00 220.3 8.17 520 0.2889 1.8
40 0.35 220.3 8.17 520 0.2889 1.8
50 0.44 220.3 8.15 520 0.2896 1.8
60 0.58 220.3 8.15 520 0.2896 1.8
70 1.07 220.3 8.14 520 0.2900 1.8
80 1.26 2204 8.13 520 0.2902 1.8
90 1.50 220.4 8.08 520 0.2920 1.8
100 2.08 220.3 8.05 520 0.2932 1.8
110 2.18 220:3 8.03 520 0.2939 1.9

A Ivl } g 4 bl (1 @
AT10N 4.8 WENTINARDINTIN 3 ﬂﬂugnﬂmaumuquﬁnmo 6 TU. NU-YOKE 3 wu.

%THDv flaumIneansd 1.4 %

Temperature | Time(Min) | _Primary Primary. (| Power(W) | POWER | %THDv
°C) Voitage(V) | Current(A) FACTOR
30 0.00 219.9 8.22 520 0.2877 1.8
40 0.37 2199 8:18 920 0.2891 1.8
50 0.49 219.9 8.14 520 0.2905 1.8
60 0.58 219.8 8.13 520 0.2910 1.8
70 1.19 219.8 8.1 520 0.2917 1.8
80 1.34 219.8 8.04 520 0.2943 1.8
90 1.49 219.8 8.01 520 0.2954 1.8
100 2.06 219.8 7.98 520 0.2965 1.8
110 2.34 219.7 7.94 520 0.2981 1.9




4 3 i 1 " bt kod 1
®1579n 4.9 mm‘é’uua:a’mmmmummgm‘uamammﬂaaa ﬂaugn'ﬂmaumu

flm{jﬂﬂ']d 6 wu.Anais %THDY NaUNINANDY 1.4 %
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Temperature | Time(Min) Voltage(V) Current(A) Power(W) %THDv
¢c) MEAN | sD MEAN sD { MEAN | sD MEAN sD | MEAN | sD
30 0.00 | 0.00 | 220.03 | 0.23 | 8.18 [ 0.04| 520 {0.00| 163 |0.06
40 0.34 | 0.04 | 220.03 (0.23 | 8.16 {0.03| 520 |0.00| 1.60 | 0.00
50 0.45 | 0.03 | 220.03 (0.23 | 813 [0.02| 520 |0.00| 1.63 | 0.06
60 0.58 | 0.01 | 219.97 {029 |-8:43.[0.02 | 520 |0.00| 1.60 | 0.00
70 1.10 | 00871 219.97.10.29 | /8.12 | 0.02 [~ 570 |[0.00]| 1.60 | 0.00
80 1.28 |70.05 1-220.00 | 0.35 | "8.05|.0.08| 520+ | 0C.00{ 1.60 | 0.00
90 1.48 | _0.03 |220.00:|0.35 |.8.02-| 0.06 | -6520 [0.00] 1.67 | 0.06
100 1.90.4-0.29 | 219.97.{0.29'] \7.99-|006 | 520-.] 0.00] 1.67 | 0.06
110 219 .0.14 1 '219.90 | 0.351.7.87 '| 0.06 | 520 ;{0.00} 1.70 [0.00
2.50
200 + 219

1.90

& 150
£
£ 1.48
S 100 1.28

//1.10
0.50
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0.34 045
0.00 — :
30 40 50 60 70 80 50 100 110
anmain°C)

] ' o e L = v ] [
EﬂYI 413 nﬂwuﬂmmqnmqununm'namauz‘?nﬂmﬁumuguunma 6 T
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gﬂn 4.14 mwluﬂmmqmmqunum:uaauvgmamaugnﬂumumugunnma 6 o,

d 5 J a ko4 ) et
f15719N 4.10 HANITNARDINTIN 1 mauy'ﬂmmmuguﬁnmq 9 st »NU YOKE 5 au.

%THDvV TauN1INaasy 1.3 %

Temperature | Time(Min).| . Primary Primary | Power(W) | POWER | %THDv
(°C) Voltage(V) | Current(A) FACTOR
30 0.00 220.8 6.61 590 0.4043 1.8
40 0.30 220.8 6.51 590 0.4105 1.8
50 0.4¢ 220.8 6.48 590 0.4124 1.8
60 0.59 220.8 6.46 590 0.4136 1.8
70 1.18 220.8 6.45 590 0.4143 1.8
80 1.30 220.8 6.42 590 0.4162 1.8
90 1.55 220.7 6.41 590 0.4171 1.8
100 2.01 220.7 6.39 590 0.4184 1.8
110 2.16 219.7 6.35 590 0.4229 1.9
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A 14 e . v ] Ll
AN 4.11 HANTNARDIATIN 2 ﬂﬂUQﬂﬂ%lﬁHN?%f’luﬂrﬂﬁﬂﬁ 9 vu. NU YOKE 5 ou.

%THDv flauninasad 1.3 %

Temperature | Time(Min) | Primary Primary | Power(W) | POWER | %THDv
°C) Voltage(V) | Current(A) FACTOR
30 0.00 220.7 6.63 590 0.4032 1.8
40 0.23 220.7 6.62 590 0.4038 1.8
50 0.41 220.7 6.61 590 0.4044 1.8
60 0.52 220.7 6.58 590 0.4063 1.8
70 1.14 220.7 6.57 590 0.4069 1.8
80 1.24 220.8 6.55 590 0.4080 1.8
90 1.45 2207 6.53 590 0.4094 1.8
100 1.52 220.7 6.51 590 04106 1.8
110 2.03 219.7 6.47 590 0.4151 1.9

< Lo (v PR v
A15WIN 4.12 HANTTNARDIATIVI 3 ﬂﬂUQﬂUuLﬁHNWNQ%JﬂEWJ 91y, U YOKE 5 7.

%THDv Nawn1Inaasy 1.2'%

Temperature | Time(Min) | —Primary Primary. | Power(W) " POWER | %THDv
(°C) Voltage(V) | Current(A) FACTOR
30 0.00 220.8 6.61 590 0.4043 1.8
40 0.32 220.8 6.61 590 0.4043 1.8
50 0.43 220.8 6.59 590 0.4055 1.8
60 0.54 220.8 6.56 590 0.4073 1.8
70 1.09 220.8 6.55 590 0.4080 1.8
80 1.23 220.8 6.54 590 0.4086 1.8
90 1.43 220.8 6.53 590 0.4092 1.8
100 1.54 220.8 6.53 590 0.4092 1.8
110 2.01 220.8 6.51 590 0.4105 1.9




@171 4.13 AnafsuaswdenUunIaIIuYeInan1INases asugntudunu

Auina1d 9 Tu.AUad %THDY naunIneaas 1.27 %
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Temperature | Time(Min) Voltage(V) Current(A) Power(W) %THDv
re) MEAN | sD MEAN SO | MEAN | sD | MEAN | sD MEAN SD
30 0.00 [0.00| 220.77 |0.06 | 6.62 |[0.01| 590 | 0.00 1.57 0.06
40 0.28 [ 0.05]| 220.77 {0.06| 658 | 0.06| 590 | 0.00 1.53 0.06
50 044 1004 ) 22077 |1 0.06}] 6.56 |0.07] 590 | 0.00 1.53 0.06
60 055 | 004 | 22077 | 0.06] 6.53 | 0.06| 590 | 0.00 1.57 0.06
70 114 [ 0.05 | 220.77 | 0.06 | 6.52 [ 0.06 | 590 | 0.00 1.53 0.06
80 1.26 10.04 | 220,80~ 0.00 | -6.50 J.0.07 | 590 | 0.00 1.53 0.06
90 148 |0.06 | 220.73"|.0.06/| 649 | 0.07. 590 | 0.00 1.53 0.06
100 1.69 | 0.28 1-220.73 |-0.06" 1 6.48 -(0.08 | 590 | 0.00 1.60 0.00
110 207 4008 | 220.07 | 064 ) 644 ] 0.08 1590 |0.00| 1.63 | 0.06
2.07
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gg 1.50
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%THDv NawnN1Inaasy 1.3 %
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Temperature | Time(Min) | Primary Primary | Power(W)| POWER | %THDv
°C) Voltage(V) | Current(A) FACTOR
30 0.00 220.8 6.61 590 0.4043 1.8
40 0.30 220.8 6.51 590 0.4105 1.8
50 0.49 220.8 6.48 5980 0.4124 1.8
60 0.59 220.8 6.46 590 0.4136 1.8
70 1.18 220.8 6.45 590 0.4143 1.8
80 1.30 220.8 6.42 590 0.4162 1.8
90 1.55 220.7 6.41 590 0.4171 1.8
100 2.01 220.7 6.39 520 0.4184 1.8
110 2.16 219.7 6.35 590 0.4229 1.9

A ar ko ] ar
f1979Nn 4.15 Namswmamaugnﬂumumuﬂuﬁﬂma 9 Ty NU YOKE 3 wal.

%THDv NauN1INeaed 1.3 %

Temperature | Time(Min) | _ Primary-~|. " Prmary -Power(W) | POWER [ %THDv
(°C) Voltage(V) | Current{A) FACTOR
30 0.00 219.6 7.62 500 0.2988 1.8
40 0.20 219.6 7.55 460 0.2774 1.8
50 0.35 219.6 7.54 480 0.2778 1.8
60 0.47 219.6 7.53 460 0.2782 1.8
70 1.21 219.7 7.51 460 0.2788 1.8
80 1.39 219.6 7.48 460 0.2800 1.8
90 215 219.6 7.45 460 0.2812 1.8
100 2.38 219.6 7.43 460 0.2819 1.8
110 3.06 219.8 74 490 0.3013 1.9
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%THDv flaun1maasy 1.6 %

Temperature | Time(Min) | Primary Primary | Power(W) | POWER § %THDv
¢C) Voltage(V) | Current(A) FACTOR
30 0.00 219.9 9.99 240 0.1092 1.8
40 0.45 220.4 9.99 210 0.0954 1.8
50 1.32 220.3 9.96 210 0.0957 1.8
60 245 220 9.96 210 0.0958 1.8
70 3.12 220.7 9.96 210 0.0955 1.8
80 4.47 2204 9.92 210 0.0960 1.8
90 7.06 220.3 9.92 210 0.0961 1.8
100 817 220.3 9.91 210 0.0962 1.8
110 9.46 220.3 9.91 210 0.0962 1.9
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Tusunsuvaslalasmranlnsaians

#include<16F877a.h>

#fuses HS,NOPROTECT,NOPUT,NOWDT
#use delay(clock=20000000)

#use standard_io(B)

#use fast_io(D)

#include <lcd.c>

#define TOUCH_PIN PIN_BO

#bit TOUCH_PIN_BIT =0x06.0

char ascii[17] = "0123456789ABCDEF";

unsigned char temp_msb,temp_Isb,
temp_half temp “buff,chk;

int1 sign;

float ab ;

unsigned int j,k,I,x,y,z ;

byte touch_read_byte() {

byte i,data;

for(i=1;i<=8;++i) {
output_low(TOUCH_PIN);
delay_us(14);
output_float(TOUCH_PIN);
delay_us(5);
shift_right{&data,1,input{TOUCH_PIN));
delay_us(100);
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return(data);

byte touch_write_byte(byte data) {
byte i;
for(i=1;i<=8;++i) {
output_low(TOUCH_PIN);
delay_us(10);
if(shift_right(&data,1,0)) {
output_high(TOUCH_PINY);
delay_us(10);
if'"TOUCH_PIN_BIT)
return(0);

} else {
output_low(TOUCH_PINY);
if(TOUCH_PIN_BIT)

return(0);

}

delay_us(50);

output_high(TOUCH_PIN);

delay_us(50);

}
return(TRUE);

byte touch_present() {
boolean present;
output_low(TOUCH_PIN);
delay_us(500);
output_float(TOUCH_PiN);



delay_us(5);
if(linput(TOUCH_PIN))
return{(FALSE);
delay_us(65);
present=!linput(TOUCH_PIN);
delay_us(240);
if(present)
return(TRUE);
else

return(FALSE);

byte ReadTemp_DS1820(){
byte i,buffer[9],
if(touch_present()){
touch_write_byte(Oxcc);
touch_write_byte(0x44);
delay_ms(300);
touch_present();
touch_write_byte(Oxcc);
touch_write_byte(Oxbe);
for(i=0;i<9;i++) buffer(i] = touch_read-byte(),
temp_lsb = buffer[0];
temp_msb = buffer[1];
sign = 0;
if(temp_msb!=0){
sign = 1;
temp_Isb = (~temp_Isb}+1;
}
temp_half = temp_Isb & 0x01;
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temp_Isb = temp_Iisb >> 1;
return(TRUE);

}
return(FALSE),

void ShowTemp_DS1820(){
char i;
lcd_send_byte(0,0x8a);
if(ReadTemp_DS1820() )}
if(temp_buffl=temp_lIsb){
temp_buff = temp_lIsb;
lcd_pute(” "N
lcd_send_byte(0,0x8a);
if(sign) lcd_pute("-");
i = temp_Isb/100;
if(i'=0) lcd_putc(asciifil);
led_putc(ascii[{temp'_Isb% 100)/10]);
led_putc(ascii[(temp21sb%100)%10]);
if(temp_half == 1)
led_putc(".5 C");
else lcd_putc(".0 C");

}
} else lcd_putc("Error”),

void Showtemp()

lcd_gotoxy(1,2);
lcd_putc(® Temp set:");
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if (j==1){lcd_putc(" 60 C");icd_gotoxy(1,2);lcd_putc(" Min set:"),
delay_ms(50);1=60;}
if (j==2){lcd_putc(" 70 C"); delay_ms(50);I=70;}
if (j==3){lcd_putc(" 80 C"); delay_ms(50);I=80;}
if (j==4){lcd_putc(" 90 C"); delay_ms(50);I=90;}
if (j==5){lcd_putc(" 95 C"); delay_ms(50);I=95;}
if (j==6)lcd_putc(" iOO C"); delay_ms(50);I1=100;}
if (j==7){lcd_putc(" 105 C"}); delay_ms(50);l=105;}
if (j==8){lcd_putc(" 110 C");led_gotoxy(1,2);lcd-pute(" Max set:");
delay _ms(50);|=110;}
}
void Showtime(}{ if((temp_lsb-x) >=1){
z =| - temp-isb;
y = temp_dsb - x ;
x = temp_lsb ;
a = (z'b)/(y*60);
lcd_gotoxy(1,2);
printf(led, pute,"wait for(min):%f ",a);
b=0;}
else if(a>61){ led_gotoxy(1,2); led_putc("OVERLOAD
BEARING");output_C(0x40);}
}
void main() {
unsigned char i,buff,dat;
int1 sw0,sw1,sw2;
fed_init();
lcd_putc(" BEARING HEATER");
delay_ms(2000);
lcd_gotoxy(1,2);

lcd_putc(" Please set temp");



delay_ms(2000};
=0;
k=0;
b=0;

while (1) {
swO = input(pin_CO0);
sw1 = input(pin_C1);
sw2 = input(pin_C3);
if(swO==0){output_C(0x10);j++;Showtemp{);delay_ms(500);}
if(sw1==0){output_C{(0x10);j--;Showtemp();delay _ms(500);}
if(sw2==0){;k++:}
if(k==1){lcd_gotoxy(14,2);lcd_putc("ok?"),delay ms(500};}
if(k>1){if(temp_lsb>I){output_C(0x40);lcd_gotoxy(1,2);lcd ‘putc(" REMOVE
BEARING");}
Icd_gotoxy(1,1);lcd_putc(". Temp is "'};Show Temp DS 1820();
if(temp_Isb<h{output  C({0x20);b=b+1;Showtime();delay _ms(1000);}
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SEMICONDUCTOR

DS1820
1-Wire™™ Digital Thermometer

FEATURES

¢ Unique 1-Wire Mintertace requires only one port pin
for communication

« Multidrop capability simplifies distributed termperature
sensing applications

* Requires no extemal components

» Can be powered from data line

» Zero siandby power required

* Measures temperatures from -55¢C to +125°C.in
0.5°C increments. Fahrenheit equivaient is —87°F &0
+257°F in 0.9°F incremenis

« Temperature is read as 8 9-bit digital value.
« Converts temperature to digital word in 200 ms {typ.)

» User—definable, nonvolatde temperature alanm set-
tings

o Alarm search command identifies and addresses
devices whose lemperature is outside of pro-
grammed limits (lemperature alarm condition)}

« Applications include themmostatic controis, industrial
sysiems, consumer products, thenmometers, of any
thermally semsitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 8-bit tem-
perature readings which indicete the temperature of the
device.

Information is sent toffrom the DS1820 over & 1-Wire
interface, so that only ohe wire {and ground) needs tobe
connected from a central microprocessor to a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external power source,

PIN ASSIGNMENT

SEEE5555

Q

PIN DESCRIPTION

GND - Ground

DaQ w Data infOut
Voo — Optional Voo
NC - No Connect

Because each DS1820 cantains & unique silicon serial
number, muttipte DS1820s cen exist on the same
1-Wire bus. This allows for placing tempersture sen-
sorg in‘many different piaces. Applications where this
feature is usefu! include HVAC environmental controls,
sensing temperatures inside buildings, equipment or
machinery, and in process monitoring and control,

53526 127
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ABSOLUTE MAXIMUM RATINGS*
Voltage or: Ay Pin Relaths o Groued 0.5V 10 +7.0V
Operabng Temparature ~55%C 10 +125°C
Storage Temparatire —55°C W #125°C
Soxefing Temperatxe 250°C Sor 10 SECONdE

* This % & STt raling onty andrunciional operation ofthe device attnese or any othercondiiens above those
Ingcated In the operatizn sections of this specification Is not Implied. Exprosure Lo absolule maximum rating
conmiions fof extended periods oF bme may &Tect reltabliity

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | CONINTION L] TYP MiX | UNITE | KCTES
Supply VoRage Voo IS Euncions 28 €0 £5 1,2
,°C Apumare | 43 ES v
Temparahae
Convergions
Data Pin 3] -9.5 +5.6 \d 2
Llogict Vik 2.0 VooHld v 2,3
Logic 0 Ve 03 408 v 2.4
DC £LECTRICAL CHARACTERISTICS {<58°C to +125°C: Vpp=3.6V 10 5.5V)
PARAMETER SYMBOL | CONIMTION MIN e MLX | UNITS | NOTES
Taermorneser Ermor terr | O*Ci0+70°C 1, <
~5S°C i 0°C
g +70*C o See Typical Carve 1.9, 10
$125*C
Input Lok Hagh Vin 22 55 v 2,3
Input Logic Lew Y 0.3 .3 v 24
Sink Curreat i Vo4V 4.0 mA 2
Stancy Cuent lo 220 350 A ]
ACHse Current Inn 1 1.5 mA 5,6
InpiXk Loaw Cumrent i -1 pA 7
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AC ELECTRICAL CHARACTERISTICS: {~55°C to +126°C: Ypp=3.8V o 5.5V

PARAMETER SYMBOL L TYP MAX UN;T; NOTES

Terperare Conversion Time oo 200 500 me

Time Skx ot & 120 HE

Recovery Time tazc 1 us

YW D Low Time fLone & 120 "

SR 1 Low Time fLom 1 15 Hs

Mead Data vald Yo % He

Resal Tame High las7n 430 |

Resed Time Low fnsr 430 &EO3 pe

Presence Desect Hign [ 1% €0 ™

Prasenoe Dect Lo o & 230 He

Capacitance Croour 25 pF
NOTES:

1. Temperaiure COMVBIN Wil work wih £2°C 3ocutacy Gown 10 Vps = .4 Vol
2. Allvollages are refarented 10 grount.

& oW

~

. Inpat foad 6 1o grouna.

8. Standoy cufert specified up 0 70°C. Sndty current iypically & S A & 125°C.

. Logic crie vollages are speciied at 2 source Surentof § mA,
Logic 2er0 VOR2Qes e speciiod a1 a BNk LU of 4 MA.
. ooy speciBied with Yoo 2t 5.0 volts,

AtOve cumerk refers 10 elther TP erIuTE TOrversion of wiing 1 tne £2 memory. Wiiting to E2 memorny £n-
Sumes approximately 200 xA for up & 103 .

9. See Typical Cunve fx specilication 8mis ovtsite the 0C 10 70°C range. Thermomiter evor reflechs S20607 aCCU-

Tacy a5 wsted during Calbaton.

10.Typioat accurady crve valkl o 4.3V s Voo < 5.5V

1-WIRE WRITE ONE TINE 5LOT

Pl il

l WIANT OF BEXT CYCLE

Yo 2
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1-WIRE WRITE ZERO TINE SLOT
TYART OF NEXT CYGLE
L
—
\ -
1-WIRE READ ZERO TIME SLOT
ot FUaRT OF NIXT TYGLE
fr—
LY
1-WIRE RESET PULSE
REDEY PULSE $ RN RDST
Lo - usm
y
/|
1-WIRE PRESENCE DETECT
PREOVNCE OETECT
] RN e
—\ —
A\ /]
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BTA/BTB16 and T16 Series

SNUBBERLESS™ , LCGIC LEVEL & STANDARD

16A TRIACs

MAIN FEATURES:
Symbol Value Unit
"rmus) 16 A
Vorw/VRrM 600 and 800 v
feT (0, 1010 50 mA
DESCRIPTION

Available either in through-hole or surface-mount
packages, the BTA/BTB16 and T16 triac sefies is
suitable for general purpose AC switching. They
can be used as an ON/OFF function in applications
such as static relays, heating regulation, induction
motor starting circuits...  or for phase  control
operation in light dimmers, - motor | speed
controliers, ...

The snubberiess versions {(BETA/BTB...W and T16
series) are specially recommended for use on

A

A

inductive loads, thanks to their high commutation TO-220AB T0-220AB Insulated
performances. By using an internal ceramic pad, (BTB16) (BTA16)
the BTA series provides -voltage insuiated tab
(rated at 2500V RMS) complying with. UL
standards (File ref.: EB1734).
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
(RMS RMS on-state current ? A
(RMS) {full sine wave) D2 PAR Tc =100°C
TO-220AB 16
TO-220AB Ins. Te =85°C
Irsm Non repetitive surge peak on-state F=60Hz t=16.7ms 168 A
current (full cycie, Tj Initial = 25°C) F =50 Hz 1= 20 ms 160
it 't Value for fusing tp=10ms 144 A’s
Critical rate of rise of on-state current _ - o
Non repetitive surge peak off-state - C = oge VDRM/VRRM
VDSMVRSM |yoptage tp=10ms Tj=25°C 100 v
lGM Peak gate current tp=20ps Tj=1258°C 4 A
PGav) |Average gate power dissipation Tj=125°C 1 w
Tstg Storage junction temperature range -40t6 + 150 oc
T; Operating junction temperature range -40to + 125
"i

Qctober 2001 - Ed: 4
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ELECTRICAL CHARACTERISTICS (Tj = 25°C, unless otherwise specified)

= SNUBBERLESS™ and LOGIC LEVEL {3 Quadrants)

Symbol Test Conditions Quadrant T16 BTA/BTB16 Unit
T1635 | sSW cw BW
leT (1) I-N-1 | MAX. | 35 10 35 50 mA
Vp=12V R =33Q
Vet [-N-11 | MAX. 1.3 v
V6D Vp=Vprm RL=3.3kQ Tj=125°C[ t-1-1l [ MIN. 0.2 v
IH{2) [i=500mA MAX. | 35 15 35 50 mA
I Ig=1.2 17 -1 MAX, 50 25 50 70 mA
1l 50 30 60 80
dv/dt (2) [Vp = 67 % Vpry gate open T) = 125°C MIN. | 500 40 500 | 1000 | Vips
(dlidt)c (2) [(dVrdt)c = 0.1 Vius Tj = 125°C - 8.5 - - Alms
(dvidtye = 10 Vips Tj=125°C MIN. - 3.0 3 -
Without snubber Tj=125°C 8.5 - 8.5 14
= STANDARD (4 Quadrants)
Symbal Test Conditions Quadrant BTA/ETE16 Unit
c B
| 1 I == 4l 25 50 mA
er (M Vp=12V = R =330 Vv gy i S0 100
VaT ALL MAX, 1.3
VoD |Vo=Vorm R(=3.3k@ T =125°C ALL MIN. 0.2 v
IH{2) (i =500mA MAX. 25 50 mA
Iy le = 1211 b-1r-1w MAX. 40 80 mA
Il 80 120
dVidt (2) |Vp = 67 % Vpau gateopen Tj=125°C MIN. 200 400 Viys
(dV/dtye{2) ((di/dt)c = 7 A/ms Tj=125°C MIN. 5 10 Vius
STATIC CHARACTERISTICS
Symbol Test Conditions Value Unit
VM) [iw=225A tp=380us Tj=25°C MAX, 1.55 v
Vio (2) | Threshoid voitage Tj=125°C MAX. 0.85 v
Rq (2) Dynamic resistance T] = 125°C MAX. 25 mQ
IorM Vorm = VrrM Tj=25C 5 pA
IRRM Tj=125°C MAX. mA

Note 1. minimum IGT is guaranted at 5% of IGT max.
Note 2: for both polarities of A2 referenced ic A1
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BTA/BTB16 and T16 Series

THERMAL RESISTANCES

Symbol Parameter Value Unit

Rhjcy [Junction to case (AC) D'PAK 12 ‘CW

TO-220AB ’
TO-220AB Insulated 2.1
Rih(j-a) |Junction o ambient S=1em D'PAK 45 CW
TO-220AB 60
TO-220AB insulated
$: Copper surface under tab
PRODUCT SELECTOR
Voltage{xxx)
Part Number Sensitivity Type Package
600V 800V

BTA/BTB16-xxxB X X 50 mA Standard TO-220AB
BTA/BTB16-xxxBW X X 50 mA Snubberless TO-220AB
BTA/BTB16-0xxC X X 25 mA Standard TO-220AB
BTA/BTB16-xxxCW X X 35 mA Snubberless TO-220AB
BTA/BTB16-0xSW X X 10 mA Logic level TO-220AB
T1635-xxxG X X 35 mA Snubberless D PAK
ORDERING INFORMATION

BT
TRIAC J

SERIES

A

1

§ N

VOLTAGE:
600: 600V
800: 800V

CURRENT: 16A 4

600 BW

!

SENSITIVITY. & TYPE
B: 50mA STANDARD

BW: 50mA SNUBBERLESS

C:25mA STANDARD

CW: 35mA SNUBBERLESS
SW: 10mA LOGIC LEVEL

T 16 35 -

TRIAC 4._:]-

SERIES

CURRENT: 16A €—

SENSITIVITY: <4

VOLTAGE:
600: 600V
800: 800V

600 G

]

PACKAGE:
G: D'PAK

(-TR)

PACKING MODE:
Blank: Tube
-TR: Tape & Reel

]

3n
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OTHER INFORMATION

Base Packin
Part Number Marking Weight quantity modeg
BTA/BTB16-0xxy2 BTA/BTB16xxxyz 23g 250 Bulk
T1635-xxxG T1635xxxG 15¢g 50 Tube
T1635-%xxG-TR T1635xxxG 15¢ 1000 Tape & reel

Note: xxx = voltage, y = sensilivily, z = type

Fig. 1: Maximum power dissipation versus RMS
on-state current (full cycle).

B (W)

20
18
16 =
14 —
12 -
10

—— IT{RMS) (A)
i 1 1
0 2 4 8 8 10 12 14 16

oON b O ®©
A
\

Fig. 2-2: D*PAK RMS on-state current versus
ambient temperature (printed circuit-board FR4,
copper thickness: 35 um), full eycle.

IT(RMS) (A}
0

35 {S=1cm’) -]
3.0
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20 =
15 <

10 <

0.5 Tamb(°C) ~=
1
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47

Fig. /2-1: RMS on-state current versus case
temperature (full cycle).

IT(RMS) (A}
18 BYB/T16
18 ‘\ \
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Fig. 3: Relative variation of thermal impedance
versus pulse duration.
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BTA/BTB16 and T18 Series

Fig. 4. On-state characteristics (maximum
values)

IT™ (A)
200 o
max foreet®| e T
100 e
=
r
10 = TeasC
? S
3 Vio= 008V
VTM (V) R=25m0) [ |
g LLi L i3] L1
05 10 15 20 25 30 35 40 45 50

Fig. 6: Non-repetitive surge’ peak on-state
current for a sinusoidal pulse with width
tp < 10ms, and corresponding value of I*t.

ITSM {A), I't (A%s)
3000 T T TT]
<~ T pahaQ8eC
diéde B itation: o i
1000 = =
0" .
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) i
108.01 0.10 1.00 10.060

Fig. 8: Relative variation of critical rate of
decrease of main current versus {dV/dt)c (typical
values).

(didt)c [{dV/dtic] 7 Specified (dlidt)e
0 T
18 N IR
16 N 3
1.4 PN
1 2 - .' .’ - e e

10 T g
08 ==l

08 {dvidtc {Vius) y
H

04 LBt s
0.1 1.0 10.0

:

100.0

)

Fig. 5: Surge peak on-state current versus
number of cycles.
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Fig. 7: Reiative variation of gate trigger current,
holding ' current and latching current versus
ijunction temperature {typical values).
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Fig.  9; Relative-variation of critical rate of
decrease of main _‘current’ versus junction

temperature.
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Fig. 10:D*PAK Thermal resistance junction to
ambient versus copper surface under tab {printed
circuit board FR4, copper thickness: 35 um).

Rth{j-a) ("C/'W}

80
70
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]
50 ¢
40 o
30
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¢c 4 8 12 16 20 24 28 32 36 40

LI
D'PAK ]

PACKAGE MECHANICAL DATA
TC-220AB (Plastic)

DIMENSIONS

) T REF, Millimsters inches
= Min, | Typ. | Max. | Min, | Typ. | Max.
A | 15.20 15.90 | 0.598 0.625

4 aa N Ll N, on - al 375 0147
\& a2 | 13.00 14.00 [ 0,511 0.551
. = B | 10.00 10.40 | 0.293 0.408
b1 | .0.67 0.85 | 0.024 0.034
" B2 | 1.23 1.32 | 0.048 0.051
232 C—| 440 480710.173 0.181
. G c1 | 0.49 0.70 | 0.019 0.027
T 2 1240 2.72 | 0.0%4 0.707
-%" o e | 240 2.70 | 0.094 C.706
e F6.20 6.60 | 0.244 0.259
T | 3.75 3.85 | 0.147 0.151
| 4 | 15.80 | 16.40 | 16.80 | 0.622 | 0.646 | 0.661
» | ] L | 265 2.95 [0.104 0.116
- ot 2 [ 1.14 1.70 | 0.044 0.086
i3 | 1.14 170 | 0.044 0.066

M 2860 0.102

6/7

4
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BTA/BTB16 and T16 Series
PACKAGE MECHANICAL DATA
D*PAK (Plastic)
DIMENSIONS
Eﬁ A e REF. Miilimeters Inches
E ca Min. | Typ. | Max. | Min. | Typ. | Max.
= . = A | 430 460 [0.169 0.181
AT | 249 269 | 0.098 0.106
b A2 | 0.03 0.23 |0.001 0.008
L o B | 0.70 093 [0.027 0.037
Lal 3 B2 | 1.25.| _1.40 0.048 | 0.055
I A1 C | 045 060 [C.017 0.024
- a7 /y A2 136 | 0.047 0.054
e e n S EES 935 {0.352 0.368
E 110600 10.28 [ 0.393 0.405
G G | ass 528 [0.182 0.208
L. [15.00 16.85 | 0.590 0.624
2 127 140 | 0.050 0.055
L3[40 1.75 | 0.055 0.069
R 0.20 0.016
V0 | WO 8 | 0 8°

FOOTPRINT DIMENSIONS (in millimeters)
D?PAK (Plastic)

i 16.90 i

1030 - -—cmv e e —e e 5.08

> 3.70

8.90

Information furnished is believed to be accurate and reliable, However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted
by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject
to change without nolice. This publication supersedes and replaces all information previously suppiied. STMicroelectronics products are not
authorized for use as critical components in lile support devices or systems without express wrillen approval of STMicroelectronics.

© The ST logo is a registered trademark of STMicroelectronics

© 2001 STMicroelecironics - Printed in ltaly - All Rights Reserved

STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - ltaly - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S.A

http /iwww.st.com
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EAIRCHILD 6-PIN DIP ZERO-CROSS
] OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3031M MOC3032M MOC3033M MOC3041M MOC3042M MOC3043M

DESCRIPTION

The MOC303XM and MOC304XM devices consist of a AlGaAs
infrared emitting diode optically coupled to a monolithic silicon
detector performing the function of & zero voitage crossing bilat-
eral triac driver.

They are designed for use with a triac in the interface of logic
systems o aguipment powered from 1156 VAC lines. such as

1
//’\\\
teletypewriters, CRTs, solid-state relays, industriel controls, <
printers, motors, soiencids and consumer appliances, etc. ﬁ\:\“ 1
6 . fitﬂ
4

FEATURES
+ Simplifies logic control of 115 VAC power
« Zero voltage crossing
= dv/dt of 2000 Vius typical, 1000 Vius guaranteed
» VDE recognized (File # 54766)
~ordering option V (e.g.. MOC3043VM)

SCHEMATIC

APPLICATIONS

+ Solencid/valve controls =~ Lighting controls
« Static power switches + AC motor drives

* Temperature controls « E.M. contactors

+ AC motor starters * Solid state relays

ABSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise nofed)

Parameters Symbol Device Value Units
TOTAL DEVICE .
Storage Temperature Tere Ve YR ¢
Operating Temperature Torr Alt -40 to +85 °C
Lead Solder Temperature TaoL Al 260 for 10 sec °C
Junction Temperature Range Ty All ~40 to +100 °C
Ieolation Surge Voltage!"? (peak AC vokage, 60Hz, 1 sec duration) Viao Al 7500 Vac(pk)
Total Device Power Dissipation @ 25°C P o\l 250 mw
Derate above 25°C g 2094 mW/°C
EMITTER
Continuous Forward Current le = ° mA
Reverse Voltage Ve All 6 V4
Tetal Power Dissipation 25°C Ambient 120 mwW
Derate above 25°C Fo A 1.41 mwWrC
DETECTOR MOC303 1M2M/3M 250
Off-State Output Terminal Voltage Vorm MOC3D4 1M2ZM/3M 400 v
Peak Repelitive Surge Current (PW = 100 ps, 120 ppa) brsm All 1 A
Total Power Dissipation @ 25°C Amblent All 150 mw
Derate above 25°C Po All 1.76 mw/°C
Note

1. isolation surge voltage, Vg, is an internal device dislectric breakdown rating. For this test, Pins 1 and 2 are common, and Pins 4,
5 and 6 are common.

© 2001 Fairchild Semiconductor Corporation
DS8300266 8/06/01 10F9 www . fairchildsemi.com
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6-PIN DIP ZERO-CROSS

OPTOISOLATORS TRIAC DRIVER OUTPUT

(250/400 VOLT PEAK)

MOC3031M MOC3032M

MOC3033M

MOC3041M

MOC3042M

MOC3043M

| ELECTRICAL CHARACTERISTICS (T, = 25°C Unless otherwise specified)

_|

INDIVIDUAL COMPONENT CHARACTERISTICS
Parameters Test Conditions Symbol Device Min Typ Max Units
EMITTER
Input Forward Voltage lr =30 mA Ve All 1.25 15 v
Reverse Leakage Current VR=6V g All 0.01 100 HA
DETECTOR
Peak Blocking Current Edher Direcion | Rated Ve, I = 0 (note 4} | Iprpms All 100 nA
Peak On-Stale Voltage Either Direckion | i, = 100 mA peal le =01 Vi, All 1.8 3 v
Criicel Rats of Rise of Off-State Volage | I = 0 (figure S..note-3)§ * dvidt All 1000 Vips
TRANSFER CHARACTERISTICS (T, = 25°C Unless ctherwise specified.)
DC Characteristics Test Conditions Symbol Device Min Typ Max Units
MOGC3031MMOC304 1M 15
LED Trigger Current Main ferminal voitage = 3V.{note 2 Fr MOGC3032MMOCI042M 10 mA
MOC3033MMOC3043M 5
Holding Current, Either Direction I All 400 HA
ZERO CROSSING CHARACTERISTICS (T, = 25°C Unless otherwise specified.)
Characteristics Test Conditions Symbol Device Min TvYp Max Units
Ip= rated Iy, MT1-MT2 vollage above
Inhibit Voltage which device wil ot igget of-state Vin All 20 v
Leakage in inhibited State Ir = rated Ir, rated Vpry, off-slate |DRM_2 All 500 WA

Note

1. Test voltage must be applied within dv/dt rating.
2. All devices are guaranteed to trigger atan |; value less than or equal to max I. Therelcre, recommentded operating I lies between
mex lgy (15 mA for MOC3031M & MOC3041M, 10 mA for MOC3032M & MOT3042M, 5 mA for MOC3033M & MOC3043M) and

absolute max I {80 mA).

3. This is static ¢v/dt. See Figure ¢ for test circuit. Commutating dv/dt is a function of the load-driving thyristor(s} only.

www.fairchlidsemi.com

20F8

8106101

DS300266
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e —————
6-PIN DIP ZERO-CROS!

FAIRCHILD
I OPTOISOLATORS TRIAC DRIVER OUTPU’
SEMICONDUCTOR® (250/400 VOLT PEAK

MOC3031M MOC3032M MOC3033M MOC3041M MOC3042M MOC3043M

Figure 1. LED Forward Voltage vs. Forward Current Figure 2. On-State Characteristics
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Figure 3. Trigger Current vs. Temperature Figure 4. Leakage Current, lgny vs. Temperature
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6-PIN DIP ZERO-CROSS

OPTOISOLATORS TRIAC DRIVER OUTPUT

(250/400 VOLT PEAK)

MOC3031M

MOC3032M

MOC3033M

MOC3041M

MOC3042M

MOC3043M

Figure 8. ippu « Leakage In Inhibh State vs, Temperature

18

Figure 6. LED Curreni Required to Tripger vs. LED Pulse Width
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Figure 7. Holding Current, |y vs. Temperature Figurs 8. Inhibit Voltage vs. Temperature
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6-PIN DIP ZERO-CROSS

FAIRCHILD
I OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3031M MOC3032M MOC3033M MOC3041M MOC3042M MOC3043M

1. The mercury wetted relay provides a high speed repeated
pulse to the D.U.T.
2. 100x scope probes are used, to allow high speeds and

oeuocsyu L] " voliages.
vde | |Rust} 3. The worst-case condition for static dv/dt is established by
i triggering the D.U.T. with a normal LED input current, then
I = Crpar removing the current. The variable Ryggr ailows the dv/dt to
v MERCURY be gradually increased until the D.U.T. continues 1o frigger in
WETTED response to the applied vollage pulse, even after the LED
ReLAY DuT current has been removed, The dv/dt Is then decreased untll
the D.U.T. stops triggering. "RC Is measured et this point and
recorded.
) Figure 9. Static dviut Test Circuit
Vanax = 250V Yymax v 400 V
os:wm.. 156 vt o S53Vmax _ 252
0 VLTS e ovoUs S " R
P . X el
Figure 11, Static dvidt Test Wavef
( 23054 b, O m*’%h”h&“ﬁ'm (u%"éiouumocsnfm. MOC J043M)

Typical circuit (Fig 12, 13) for use when hot line swilching is required. in this circult the “hot” side of the line Is switched and the load
connected fo the cold or neulral side. The ioad may be conpected to either the nautral or hatiine.

Ry, Is calculated so that I is squal to the rated lgy of the part. 5 mA for the MOC3033M and MOC3043M. 10 mA for the MOC3032M
and MOC3042M, or 16 mA for the MOC303 TM and MOC3041M. The 39.ohm resisior and 0.0 uF capacitor are for snubbing of the triac
and may or may not be necessary depending upon the particular triac and load used.

P 1
OROT Vg A ——| s HOT
2 | Mocimam
MOCI2M
MOCI043M
115 VAT 3 260 VAC
ONEUTRAL NEUTRAL

*For highy inductive loads {power facior < D.5), change his velue o 260 phms.
Flgum 13, Hot-Lho Swltchhv‘%‘i:mﬂm Circult

#For mighly induciive loada (pewer tactor < 0 5), change shis viue to 380 ohms.
Flmre 12, Hot-l.lm S%Aﬁ Ion Ciecuit

M, MOC,

DS300266 8/06/01 5Q0F9 www.fairchildsemi.com
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e —————

EFAIRCHILD 6-PIN DIP ZERO-CROSS
I OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3031M MOC3032M MOC3033M MOC3041M MOC3042M MOC3042M

115VA€L

R12 D1
1 6
Vg O]
Re | MOC3031M
2| MOC3032M o SCR
MOC3033M SCR
3 | 4 180 2 7

2173
R2" 4 D2 LOAD%

Figure 14. Inverse-Paralie] SCR Driver Circuit
{MOC3031M, MOC3032M, MOC3033M)

Suggested method of firing two, hack-to-back SCR's with a Fairchiid triac driver. Diodes can be 1N4001: tesistors, R1 and R2, are

optionat 1 k ochm.
240 VA/C\}

Vo O : .
Ry MOC3041M }'
2| ‘Mocaoem 130 SCR
‘ MOC3043M SCR
\ . 300
Oy ANV
{wof—"

Figure 15, Inverse-Parallel SCR Driver Circuit
{MOC3041M, MOC3042M, MOC3043M)

Suggesied method of firing two, back-to-back SCR's with & Falrchlld triac driver. Diodes can be 1N4001; resistors, R1 and R2, are
optional 330 ohm,

Note: This optolsolator should not be used to drive 2 load directly. it is intended to be a trigger device only.

www fairchildsemi.com 60OF9 8/06/01 DS300256
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6-PIN DIP ZERO-CROSS

—————————
FAIRCHILD
OPTOISOLATORS TRIAC DRIVER OUTPUT

SEMICONDUCTOR? (250/400 VOLT PEAK)
MOC3031M MOC3032zM MOC3033M MOC3041M MOC3042M MOC3043M
Package Dimensions (Through Hole) Package Dimensions {(Surface Mount)

W%%%%%'wd ____0350(8:9)____ PN
PNt .
e ,,.,L'L__._‘r
6 E; WT 0.390 (9 90)
0.260 (8,501 20 0332184
B4 f630) 0.240 {8 10)

T riEr

0.070{1.77)

LY (7]
0400029 C.014 {0.36) 0320 813}
0.010(025)
0.200 (5,081
0.115 293}
i
0,100 12 5¢ ﬁ
0,013 10.5) u
N. ¥
0.012¢0.30)

0016 0 41) "H"H 9106 (2 54}

T ke
—d e
e B o 0.320.46 13)
o (T v

T L

=WES \
) 5 0012{0.30)
0115283 1.008 (0.20)

D025 10.63)
DR DS 2150 N
g8 wi?; 0.006 %15)

Package Dimensions (0.4”Lead Spacing)

[~ 0520 (8.t3) — ] et
oo
9,280 (6.60)
5.240(5. 10

7:#-'&'-‘5'

2070 (1.77)
D.NO(I. L4 {0 Ml
l"‘nosn (@.25)

|

Recommended Pad tayout for
Surface Mount Leadform

»‘l ]—- 0.070(1.78)
1.3 e ke D ED D:] 0.060{1.52)

0425 (10.79) 0100(254) l |
0.305 (7.75)
.l ’» 0.030 (0.76)

0,200 {508
PXELEX ]
o —— 100
0015 (039)
| S D.012 .50
0020050} ’;_, Fr—t-ot0254 Toosaan
0.618 (0.41) 0525&_0591
D400 (10.46)
NOTE

All dimensions are In Inches (millmeters)

DS300256  8/06/01

TOF9
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EAIRCHILD 6-PIN DIP ZERO-CROSS
I OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3031M MOC3032M MOC3033M MOC3041M MOC3042M MOC3043M

ORDERING INFORMATION

Option Order Entry ldentifier Description

S S Surface Mount Lead Bend

SR2 SR2 Surface Mount, Tape and reel

T T 0.4” Lead Spacing

v \Y VDE 0884

™v ™ VDE 0884, 0.4" Lead Spacing

sV sV VDE 0884, Surface Mount

SR2V SR2V VDE 0884, Surface Mount, Tape & Res!

Carrier Tape Specifications (“D" Taping Orreatation)

1201 0.1

—— 45+0.20
20+ D05 « 215 MIN
0.30 MAX 4_0:0.1-—] ’. /— l-1751!)10

0o 0 0 o0 0,0« oo old o dle

r 1510
1.5 1.
5] o )
210101 a E a E a @ TTL—L“'O:O'?'
L 1 ] {11 i JOZG

0.1 MAX 30.1£020 \—01!7 +0.140

o T e T 8

User Direction of Feed —————ce—e

NOTE
All dimensions are In inches (millimeters)
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FAIRCHILD 6-PIN DIP ZERO-CROSS
] OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3031M MOC3032M MOC3033M MOC3041M MOC3042M MOC3043M

DISCLAIMER
FAIRCHILD SEMICONDUCTOR RESERVES THE THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE

TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT
ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE CF ANY PRODUCT OR CIRCUIT
DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE

RIGHTS OF OTHERS.

LIFE SUPPORT POLICY
FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life suppont devices or systems are devices or 2. A critical-component in any component of a life support
systems which, (a) are intended for surgica) device or-sysiem whose failure to perform can be
implant into the body,or (b} support or sustain life, reasonably expected to cause the failure of the life
and {c} whose failure to perform when-properly support device or system,.or to affect its safety or
used in accordance with instructions for use provided effectiveness.

in Jabeling, can be reasonably expected to resultin‘a
significant injury of the user.

DS300266 8/06/01 S0F9 www fairchiidsemi.com
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Exciting Force (A/in.)

Exciting Force (A/m)

005 007 01

003

s e

{sessnoBopy ‘0L x) ‘[oysa)) ueyAnpu|

ANNFNRUTIZNINNTZUENIZGW ( Exciting Force ) NUAMNAWILUUEUINUNLARN

PYPILHULIWAN M4 BU1 0.27 U4,

=

s ¥ o (% ¥ A = & 1 Y o ¥ 6 v 1%
enansiiluenarsianulidmsumsldanuienis@nwwingu lueygslmhlulddselesiamunisn

v v 1%
U

Lidnsdilagvieau dnvievnuilvidaulasilent wagdasdadadudvesenalsynasaninisualuly



89

(;'u1, sauljoy) uondNpu|

L
s
g
:
g
5
5
o
8 %
(sassnoBojy ‘0 x) '(osa)) LonAnpuy|
dl Y o =3 1 =3
. AMURNAUS B — H N1TYUnumanuaduiiinan %4 “U1 0,27, :Dt
onansiifulonasvanulidmsunisivanmenisansiuy wevgaliihluliusslovdfunsé
lbnsallaeieay Snvaiufllidoudanilem way @a@amamLmsuaqLaﬂa’ﬁmm%ﬁﬁmﬁﬂﬂﬂ%



Magnetizing Force H (Qersteds)
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Core Loss (W/lb.)

Core Loss (W/kg)
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