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ABSTRACT

This thesis presents the method to control the heating to inductor coil with 8 bits Binary
rate Modulation(BRM) technique at high frequency. The designing system consists of 2 parts as
follow, First part is the disbursement energy to heating inductor coil by using BRM at resonance
point. And the second part generates control signal frequency for the first part. Signal was
generated by microcontroller. The drive circuit consists of IGBT that connected to be an inverter.
The input voltage of the inverter its from full wave signal single phase converter. BRM signal
generated by PAL22V10 and controlled by microcontroller. The 8 bits PWM signal generated by
microcontroller to control frequency. For the second part will have a multiplex work as selector
between BRM signal and PWM signal. And also have the protection circuit in case of system was
error.

This BRM technique can greatly reduce control signal frequency to inductor coil,
compare with controlled by PWM and we can apply this principle in order to control resonance

point adjustment to inductor coil by using microcontroller that can be automated.
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The Timer/Counterl Control Register - TCCR2
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Timer/Counter2 Output Compare Register - OCR2
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Asynchronous Status Register - ASSR
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Wein sMi griailu 1 nazdin smo gaidaidu 1 azsiTlf mpu sy Power
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HANNIINUG I1HUDIN SHANNYR 194 BRM(Binary Rate Modulation)

P

|

Binary

JUN 2.62 namImIsHANFYQY IV Binary Rate Audayanm Insuaady

317 2.62 azituiBunm A Wudiudyaan IlfhnszuaaduTaoimuaaes Zero Crossing
o 9 e A g o v o A o Fal RNy

Detector it muagasudumndyyn Il inszuaadunyadagudeinudrhliaies
AND Gate A1Muf Go / No Go Tumsrumnie lirkmvesdygin Mihnsenaadnlunnaei
3 o 3 v 3 o a 9/ 2 A Y Qs @ i
Augud mmiv liidaduwndraniiauss AND Gate e 1WHnsHauduya m iU Binary Rate
nimuadunnndIfmuadyy 1o Binary iudriiee B iiieilla Gate ¥ AND Gate Tuaq

Fﬂ‘ o J s é = ar g
naimmzaui I Iddyanaevinnlundslsdia vinvdnnsranduainnuy BRM wa

[ ¥

apumupveWinnezidyyo Ithnszuaaduiinady 256 sUnvuTasdyain BRM
vig 8 Ua udaszaety fo Ji. o fos Sor Sros fos fras fime D3ESIR0GUNT Lincar
Combination 91nAWA 8 uvnddudIsaUNITH (2.12)

| TJ_,,[,_

vl 2N
s
gorkl 2%

75 ’ fsin wl (2.80)

u(t) &o Unit Step Function
=) o o 1 s
© fv Awdvesdyaw Iihnszuaady

d fe M09 Binary=0, 1,...,N - |
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BINARY RATE

31N 2.63 uarasgUadudyan BRM 8 T

msngnasnulvvhnszuaaduuuvazdsadie ICBRM
= 3 s o s = 1 w
MAVUIINMITAT NTYYIY ICBRM szimuadyain BRM 91a 8 dn Tdsaudy
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=27

INANNITN 2.83 T NUeUEUNIT ICBRM 3 1Hadatl

Vicsra 1= Tyeppy (1)

. . el
icprar 4 (0= yepgy (171207)
: L o] ’
Fream 400= Viggrplrt12e® (2.84)
1o Vi () A1 1133AU ICBRM
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INAUMIN 2.15 15 snlsuad edya s ICBRM 1 g A21Wd(50 (33ad)uaz BRM
mvuald =220, m=3, =50 uaz P=8 Aegf 2.65(n-9) WugthuAnand s(1), 16
(2), 32(4) uay 64(8) Az U 2.65()uansdyy I ICBRM taz BRM3Uuuuf 80(10) 15un1g

a

Widyaunanguuui 16(2) saududyanundngluuui 64(s)
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In39a919M900NUULLAL TZVUAIVAN

3.1 MseenuuulAsIaSIaNIemIusIsaIIs

220 AC Single Phase Full Bridee
> g g

Vdc

Rectifier Converter

Select Source
Heat Conl

Microcontroller

Multiplex Driver 1GBT Inverter
Secondary
F 3 -
IGBT Drive Vac  Primary

| Yy 1

High Frequency

BRM Generator =P |GBT Gate Driver - ! '

TTL Drive Translormer

INT
External Clock

514 3.1 uaaslasardaneasanrsveszuuaIugy

903Ut 3.1 Tassadearsansvesszuy wilsznaudiontizenien veaszuwyimih
finruaumsthaudieniedsy 18ua

3.1.1 HUEAIUANNAN

1% Microcontroller Ymihiifufmdsnisidenszunmangnndld | amunisaunan
HOFAIANUY 7 Segment , MMUAFUIUUTYY M BRM liag PWM uaz Uszuaaramad
auaundnlfungadufiadyais BRM uag PWM 3908en1saiuauiamzn1snindves

a1 BRM 1u11¢iaz‘q@1ﬁﬁu IGBT Driver 1a8#11 Multiplex Driver



3.1.2 Wi uiadyYIBRM Generator)
14 1 1wes paL22v10 ¥mihiadedua v BRM misldlumsaiuaumsvend
9o ¥ = s
aulinvvaalannudsunum iy
3.1.3 wihe@enJluuunsiiam (Multiplex Driver)
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. o Y a Jda o o £ = n v
Microcontroller Qg lJ’Nﬂ‘a‘ﬂﬂ&ﬂ‘uﬂ’li%iﬂ‘h‘ﬂﬂlﬂm’lﬁ}’m‘ﬂﬂﬁﬁﬂ IGBT Inverter 17O 19
3.1.4 wielsuayautui(IGBT Gate Drive)
NS ud 1A Multiplex Driver 1H0glussauns sduna I sa vy
Gate ¥4 IGBT 1u% IGBT Inverter 14
3.1.5 ¥WHIB589n SzUa(Rectifier)
s eanszoe IWady 1 ode Ty Full Wave Rectifier o 'l1)
3.1.6 HeD1emMas i Inszuanse (Full Bridge Converter)
o 9 A o ar o =1 Y o
MU Tuns e U0 Full Wave Rectifier Huszaunsaau 1Wasq
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ﬁmﬁﬁdwmﬁ'ﬂﬁﬁwgﬂ High Frequency Transformer N19ATU Primary A
Anuanazgluuunimualag Microcontroller
3.1.8 ymwﬁeuﬂma’aﬁﬁammﬁgd(ﬂigh Frequency Transformer)
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o -] vood a A o Ay W
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3.2.1 ¥HIBAIVANHEAN
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3U9 3.2 2995AIVANNGN

3.2.2 Wi iadya 0y BRM Generator)

COUNT

gﬂﬁ 3.3 Nasﬁnﬁﬂﬁ’mmm Binary Rate Modulation (BRM)
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(Rectifier)
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3.3 MSMUIVANHIAIVANHAN52HIN BRM AU PWM

[ . E 2 o
ANUDNIVANHANZYNT19UU TAY Microcontroller NaNN3 AT

Jom = _Joen (3.21)
2% Dy

-~ t:i w d. 9/ .
o ﬂ')']ldﬂﬂ'l‘iﬂ?i]ﬂhﬂﬁﬂ‘l’lﬁﬁN.Iﬂﬂ Microcontroller

cpu

fip Ty IMUINNIVEI Microcontroller

QsC

oex A8 AINIIMIIAIWANIGTU Microcontroller

MNaunIsn (3.21) v ldaudvesdyain PwM Tagliaunseil

.fcpu (322)
256x2
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1 fla ANDvBITYYIN PWM LUuaaIanI s auntisni

PWM

£, A9 Aanudnmsmununaniaielag Microcontroller

»
=1

uaz 9InaunIsh (3.21) 9 ldautvesdyn v BRM Taelaumsdail

Lo
fﬁmf "55_6‘!';_2 X (255—'])3}(_\,') (3.23)

flo AIWDVeIdyYIN BRM UUUAIAAI NS DU

f, fio AawAnsnIunuidndiaiialeg Microcontroller

P Av 3UNVUMITENAIIU BRM

BRM

9 1 v ¥
aatiu oz ldaunismnnuiiuuuaniamileniveadyau PWM 1oz BRM dail
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fosc

Fonag = O (3.24)

SRR 0 D
Fors = Josc X(255 - By ) (3.25)

‘ 1024 x D,y
Hag ﬁumsmﬁmﬁmﬁmmﬁmtﬂu Microcontroller ﬁﬂ‘f‘l

125 o
(3.26)

ol R
]6><fpu:\.'

GCR, = 125%(255 - Py, ) R

16 -fiiR,\f

(0]
xS
-

watmuald 7. = 8000000 Hz
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niuaasmANNdYLITRNA PWM LUYARIAA LS DuM o
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oM s SR EXZN
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;U0 310 uamenswiandunvealanieumilvesdygyin PWM
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3.5.1 mamaulilsunsunan

(5U91AM5 Set System Y8521 Microcontroller a3 05 URMT UBDAMIAMUAAIDIN

2q 9/ & o Ao . =] o o o o A [

E‘ﬂ‘b’ﬁ'lll57Uﬂ15ﬂﬂ1ﬁuﬂ!ﬂﬂlﬁﬂﬂi1ﬂﬂ15Glﬂ Microcontroller NI NIIUAIUMTINADN A
F
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707 3.11 uamesmsiauvesedurivdn
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3.5.2 mamauldsunsuadedyanannud PwMm

SUNIMTHINUAMANND fy,, INOAUIBMIAIANUAHENT Microcontroller 92
9 i '
desaieiunniudnnamammamsanuiniely uaz 5om5 Interrupt ANBUBN LTS

ﬁ”lﬂ'lﬂ‘l]ﬁﬂldﬂ'ﬂﬁﬁﬂ'lilﬁﬂﬂﬂ'li

o D

fupu =g X256 %2

r

OCRX=OSC/(2ngu)

Wait Interrupt

11 3.12 wermsTsunsuadedayanunnud PwM
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3.5.3 manmauldsunsuadesdyananud BRM

SUVNMIIMUARIANUD fp,, IRDMUIUMIAIANUENANT Microcontroller 92404
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Y 2 o a i
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BRM

y

x 256 x 2) /(255 - BRM)

OCR, =OSC/(2x£ )

Wait Interrupt
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C o D

11 3.13 uansTlsunsuaadyanmunud BRM
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1549INM38N MENU 910 MENU W&n ud2%1m5 Compliment Extclk Flag 1oy

msiRendgananuandnsznie melu Microcontroller 1 dyanmAuGnInAEUDN

Start

A

CPL Extclk_Flag

el

Selclk = 0 Selcl

k=1

= o a4 o 4 o
31U 3.14 uerasmsvhouTdsunsudendyanunnuandn
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HaN1INAad

Tumsnareunissiendsnulfvaaianiusoumilsniilasnis 14 Microcontroller
adnudyauaudanHeAIuANNS DIEWANIUIINA VYA d Yy Y BRM 13993013

Newasnulags el

@j k %4} i

K& \—E& {‘;}—

3UN 4.1 2995 emdsaulaes

’ cutiwsy - Pransformer

Seconury

e % 7 3

Hent Coll

4.1 MINATDUMSNENAINUIRUN VARIAA MM UK HE I VUL I T Has

4.1.1 flunsnaaeumsinuveuniss Taems [9dyy mdunnaInians BRM 1ie

¥
Jamnsua taz seaunsaaua 9 luannzdnd asarluas wae lyi

M15199 4.1 naaaan1siauluannzlng

BRM Iin Vout(Volt) Tout(Amp) F Temp
g!.L‘lJ‘Ll‘ﬁ (Amp) | Primary | Secondary | Primary | Secondary | (khz) | ("(")
253 7.1 102.1 10.3 52 52 64.21
251 7.0 102.4 10.2 5.1 51 64.23 -
247 7.2 103.2 10.7 5.4 54 65.7% -
239 7.1 101.7 D1 5.0 50 65.37 C
223 6.0 104.5 10.2 4.2 42 64.11 : h
191 4.2 106.8 10.5 3.3 33 64.90 -
127 1.5 100.5 10.1 1.3 13 65.87 =




4.2 MsnageUMsienaInuliuivaalan NN vl van

4.2.1 Mussnunszuamaqluvaziilvani 100Vp-p , [y, =64KHz

a2 - 5 A NP v G T
Fufnamdenisyaudszana 1 um 1daluaiseae 1

M13191 4.2 taaeaimsiiau luanngi lvaan 100Vp-p

97

BRM lin Vout(Volt) lout(Amp) F Temp

3smuﬁ' (Amp) | Primary | Secondary | Primary | Secondary | (khz) | ("(")
253 7.3 103.2 10.6 5:3 53 64.32 387
251 7.3 102.3 10.2 52 52 65.12 590
247 7.4 101.6 10.1 5.5 5 65.15 585
239 1.2 103.1 9.9 5.2 52 64.52 575
223 6.1 106.3 10.2 4.3 43 64.94 562
191 4.3 103.1 10.3 3.2 32 65.94 100
127 1.4 104.7 10.5 1.2 12 65.68 30

422 fhu‘saﬁ'unﬁxum'imc]iwmzﬁiﬁaﬂﬁ 250Vp-p , [, =64KHz
Suftndmdamevianalsze 1w daluanede il

BRM Iin Vout(Volt) Tout(Amp) F Temp ‘

guw“ﬁ‘ (Amp) | Primary | Secondary | Primary | Secondary | (khz) | ("(")
253 15.0 258.3 25.7 13.8 138 64.50 615
251 13.0 263.2 26.1 11.5 115 64.20 610
247 12.0 265.6 25.8 10.7 107 66.67 610
239 11.2 268.8 27.2 9.1 91 67.11 ()15“_“1
223 10.1 284.4 27.8 8.8 38 63.69 604 7
191 5.8 260.5 26.5 43 43 67.00 562
127 2.4 258.7 242 1.9 19 65.00 _i()() —

15199 4.3 uaaaamnsiauluannzilnaan 250Vp-p




4.3 nemamsifasunlasvesgamgiiiiofsuiunanii BRM suluuufi 247,

250Vpp , £y, =64KHz

nm QauHgH
Time(3111) Temperature(’C')

0 0

5 80
10 150
15 280
20 470
25 585
30 604
35 610
40 610
45 610
50 610
55 610
60 610

15197 4.4 uraamsddsuuasvesgamgiiiemouiunm Tuanied Tnand 250vp-p

(a9A L TaL e )

-

AUUNN

A(UN)

Ui 4.2 waasmsn/dounlasvesgamgiidiemoudiunm

98
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4.4 waasgliyanamaglineswanmsnaaeunaziandnar Fuanad e ves
FATUM
4.4.1 Haninaga

Tudwtivaasdyanadieg  lFlumsduinn  Microcontroller - $181¥yAeéng

@184 BRM HIUgA IGBT Gate Driver asdayaaunszdulyfign IGBT Invetrter Taufigil

Ed
@ o

YIUAIY

Tay
Tay

107 4.4 uerasdryanaduiiga IGBT Gate Driver 110%A Multiplex Driver A28 64kHz
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4.5 wansnaaeaNzliuy BRM faq 101 64kHz

3 v 1
minaassiinaaoumsiadyanunszualugadieg Ausdu 100Vp-p uaz 250Vp-p e
YUNTEU High Frequency Transformer NMefu Primary 9010189 11849 Induction Coil M9

A Secondary #1 915 i"mmwﬁ’(Resonance)

U7 4.8 werasmnssuANIAMBUNA AC Line (Tin) Mi598U 100Vp-p N4 Primary High

Frequency Transformer § Juuy BRM #1 127

b " b u " o i
i -
"
=
o a3
A_400 AUTO-POWER-OFF

U7 4.9 uaaerINTIAMIA B U Primary High Frequency Transformer fIli3981 100Vp-p
sUuuy BRM 71 127
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Wi 4.10 uarmsrnszUAN1IAMBUNA AC Line (lin) 75961 100Vp-p N1941M Primary High

Frequency Transformer gﬂsmu BRM 7 239

PROVA 400

3O a3
AUTO-POWER-OFF

UM 4.11 uaRamINsZUAMIAUBUNA Primary High Frequency Transformer 115464

100Vp-p 3114111 BRM # 239
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W7 4.12 uansnszieEMad B UA AC Line (lin) 13984 250Vp-p N19814 Primary High

Frequency Transformer ;ﬂmm BRM 7 223

U7 4.13 uamsANszUANIAAILBUA AC Line (Tin) M5IAU 250Vp-p N1981 Primary High

Frequency Transformer gﬂxm‘u BRM 11 247
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A Primary High Frequency Transformer § 11111 BRM 7 239

31U 4.15 uamsamsnanesmsTiewdnuvaaIan U eUmMiENIAUT 98U 250Vp-p Ma

A Primary High Frequency Transformer § i1y BRM 71 247
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4.16 (a) 4.16 (b)

'
= o

U1 4.16 uansigangiinia1dina Tang Aussdi 100Vp-p n198 1 Primary High

Frequency Transformer gﬂxmu BRM % 239 ‘lugﬂﬁ 4.15 (a) 4z NUTIAY 250Vp-p

NAM Primary High Frequency Transformer g‘lJL!.‘UU BRM ¥ 247 11.!3 U 4.15 (b)

U0 4.17 uansmsiagumgiluvazhandnd
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[ :i 1 9
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o
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[= I_ - 3
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wnua luaun1sn 4.5 o 1
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