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ABSTRACT

This thesis presents a digital control approach used to generate two kinds of phase - and
cycle - controlled waveforms for the load of oven with a 50-Hz utility voltage supplied from the
input side in order to compare the electrical characteristics of the two systems. The whole system
is achieved with the aid of the computer which is also equipped in the whole control system in
order to check , control and display the control status of the Microcontroller MCU P89C51RD2
which is inter-connected between the computer and the power control circuit. The resulting
phase-controlled output voltage and current as well as the input supply voltage and current are
further analyzed in various frequency spectra which are all used for the calculation of output
power , efficiency , and power factor etc., using Matlab in the analysis. Again , all these
theoretical results are also verified by experiment. Moreover , the proposed principle phase and
cycle controls are also actually applied to temperature control of the heater oven , the temperature

of which is found to be variable from 100°C ~200°C at the maximum wattage of 2,000 W.
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= —~49.5174

12



22043 cos2(1+1)(%)-—1 _cos2(1)(%)—1
27 1+1 1

B2(1)+| =

=-55x10""
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2202 V3 sin 2(2)
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2 2
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= 155.5635
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22042 P
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27 1+1 1
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22043 sin2(2+1)(-’25) _sin 2(2)(32’-)
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X il 2
~1.21x10™
cos22 + () -1 cos22)(Z)-1
I WR9Y2 S | 2
2(2)+1
2w 2+1 2

= =33.0116
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Pa = A o
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02 kY4
2V2|, 3mSR
4 - (r-Zye— 4~
4 2
= 28.2643
B, = 2092 o2y 1)
27 4
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O A e 643
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f1 Distortion Factor : DTF Fundamental Power Factor : FPF uaz Power Factor : PF
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<FR Ao o o o ook ook o o o o o o ok o ok ok o o o o o o oo o ok ok o ok o o ok
’

o d’ a o
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A AR o oo o ook koo o oo ok ook oo ol ool ok ook ok ok o o o o ook
>

BEEP BIT P3.0
OPTO_ON BIT P3.1
OPTO_OFF BIT P3.2
MCU1 BIT P3.3
SQ_IN BIT P34
TRIAC BIT P3.5
% LT LR LT LT

3

° A .&' dd g o
; ﬂ']ﬂuﬂ‘lfﬂwuﬂlﬂﬂ‘llﬂl‘{ﬁ‘llﬂ\lquiﬂiﬂﬂtﬂﬂiﬂmﬂs

;*#*#**********‘#****** *k Hedkokokkk
VALUE_THO  EQU 21H
VALUE_ TLO  EQU 22H
;*******#***“‘ * ok dkk ok k
; Tisunsundn
; Ak ok *% *
ORG 0000H
START: MOV SP#70H
CLR BEEP
MOV PO,#00000000B
MOV P1,#00000000B
MOV P2,#00000000B
MOV P3,# 000000008
LCALL DELAY_Is
MOV PO#11111111B
MOV PL#11111111B
MOV P2,#11111111B
MOV P3#11111111B
SETB BEEP
MOV TMOD#00010001B
MOV TLO,#00H
MOV THO,#00H
MOV IE;#10010000B

MOV SCON,#40H
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SETB REN

SETB OPTO_ON
PHASETL: JNB OPTO_ON,ZEROS 01
PHASE2: MOV APl

MOV VALUE_THO,A

MOV THO,VALUE_THO

MOV P2,THO

MOV VALUE_TLO,#00H

MOV TLO,VALUE_TLO

MOV PO,TLO

LIMP PHASEI
ZEROS_01: SETB SQ_IN
ZEROS_02: INB SQ_IN,ZEROS_03

LIMP ZEROS_02
ZEROS_03: JB SQ_IN,FULL_ONI

LIMP ZEROS_03
FULL_ONI: CLR TRIAC

CLR BEEP

LCALL DELAY _Is

SETB BEEP

SETB OPTO_OFF
FULL ON2:  JNB OPTO_OFF,FULL_ON3

LIMP FULL_ON2
FULL_ON3: SETB SQ_IN
FULL ON4:  INB SQ_IN,FULL_ONS5

LIMP FULL_ON4
FULL ON5: JB SQ_IN,FULL_ON6

LIMP FULL_ON5
FULL ON6:  SETB TRIAC

CLR BEEP

iJCALL DELAY_100ms

LCALL DELAY_100ms

LCALL DELAY_100ms

SETB BEEP

'SETB OPTO_ON

FULL ON7:  INB - OPTO_ON,FULL_ONS8



MOV API
MOV VALUE_TH0,A
MOV THO,VALUE_THO
MoV P2, THO
MOV VALUE_TLO#00H
MOV TLO,VALUE_TLO
MOV PO,TLO
LIMP FULL_ON7
FULL_ONS: CLR BEEP
LCALL DELAY _Is
SETB BEEP
SETB SQ_IN
FULL_ON9: JNB SQ_IN,FULL_ON10
LIMP FULL_ON9
FULL_ON10: JB SQ_IN,POSITIVE_02
LIMP FULL_ONI10
;t*##*******##*‘ sk kk **

. adwndumaaou Insadnuin ()

POSITIVE_01:

POSITIVE_02:

POSITIVE_03:
POSITIVE_04:

JB
LIMP
SETB
SETB
JNB
CLR
CLR
CLR
MOV
MOV

ek ok ok e ok ok ok ok ok ok e e o ok

SQ_IN,POSITIVE 02

POSITIVE,_01
TRIAC

TRO
TF0,POSITIVE_03
TRIAC

TRO

TFO
TLO,VALUE_TLO
THO,VALUE_THO

H]

: adundumanouInsadnau

NAGATIVE 01:

NAGATIVE_02:

JNB

SETB
SETB

SQ_IN,NAGATIVE 02

NAGATIVE_01
TRIAC
TRO
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NAGATIVE_03: INB

NAGATIVE 04: CLR

koA ok Rk ke ok ok o ook ok ok ok ko
’

13

PHASE 0:

PHASE_I:

PHASE_2:
PHASE 3:

PHASE_4:

PHASE _5:

PHASE 6:
PHASE_7:

TFO,NAGATIVE_03

TRIAC
CLR TRO
CLR TFO
MOV TLO,VALUE_TLO
MOV THO,VALUE_THO
LCALL PHASE_0
LIMP POSITIVE_01
S
damsudoya
;“**************#***#***************‘*‘##*******
SETB OPTO_OFF
JNB OPTO_OFF,PHASE_2
MOV API
MOV VALUE_THO,A
MOV THO,VALUE_THO
MOV P2,THO
MOV VALUE _TL0,#00H
MOV TLO,VALUE_TLO
MOV PO,TLO
RET
SETB SQIN
INB SQ_IN,PHASE 4
LIMP PHASE_3
JB SQ_IN,PHASE 5
LIMP PHASE_4
SETB TRIAC
CLR BEEP
LCALL DELAY_100ms
LCALL DELAY_100ms
LCALL DELAY_100ms
SETB BEEP
SETB OPTO_ON
INB OPTO_ON,ZERO_04
MOV APl
MOV VALUE_THO,A
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MOV THO,VALUE_THO

MOV P2,THO
MOV VALUE_TLO,#00H
MOV TLO,VALUE_TLO
MOV P0,TLO
LIMP PHASE 6

ZERO 04: CLR BEEP
LCALL DELAY_Is
SETB BEEP
SETB SQ_IN

ZERO 05: JNB SQ_IN,ZERO_06
LIMP ZERO 05

ZERO_06: JB SQ_IN,ZERO_07
LIMP ZERO_06

ZERO_07: RET

SREREEEEREERE * EEEE *

; DELAY 1ms

DELAY Ims: MOV R6,#0ESH

DELAY_ 1ms_1: NOP

DINZ R6,DELAY_lms_1

¥k
k]

; DELAY 10ms

»

DELAY_10ms: MOV R7,#010
DELAY_10ms_1: MOV R6,#0E6H
DELAY_10ms_2: NOP

NOP

DINZ R6,DELAY_10ms_2

DINZ R7,DELAY_ 10ms 1
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RET

« 396 3 o s e o o e e o8 ofe 2 3 ke o o ok o o 0ok o ok o e o o ol o ok o ke e ok ok ok o ok ok e e o o ok ok dkok
’

; DELAY 100ms
;#*****##*#*******t*‘.*‘****‘**##**‘***##*#*#****
DELAY_100ms: MOV R7,#0100
DELAY_100ms_1: MOV R6,#0E6H
DELAY_100ms_2: NOP

NOP
DINZ R6,DELAY_100ms_2
DINZ R7,.DELAY_100ms 1
RET
; ek ok ok ko *
; DELAY 1Is
;****** oo ok ok ok o *kk * ¥k ko kR
DELAY_Is: MOV RS5,#100
DELAY_Is_1: LCALL DELAY _10ms
DINZ R5,DELAY 1s_1
RET

END
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;*tt**#*‘t*##*********************#*******##tt*t*

o é - 4
; ﬂ'lWNﬂ%ﬂﬂﬂﬂﬂﬁqﬂiﬂiﬂﬂuiﬂimaﬂ5

sk dkokokkokdkkk ok kR ok ko ko ko godok ok ok
’

BEEP BIT P3.0
OPTO_ON BIT P3.1
OPTO_OFF BIT P3.2
MCU BIT P3.3
SQ IN BIT P3.4
TRIAC BIT P3.5
. T T T e

° A j‘ S d g L4
; fmuadeiiuninudoyaveslulnsnoulnsaans

o 2o oo ol sk e ke ok o ook ol o sk ok ook ook skl o ok ok e ok o o i ol o e e ol o ook ok ol ol ol ol o e ok ek ok
’

ON_CYCLE  EQU 30H
OFF_CYCLE  EQU 31H
KEEP_ON EQU 32H
KEEP_OFF  EQU 33H
JEEEERREEEE Lad L L & ok ok koK ok ok ok
; Tilsunsumdn
;*#*# * ok kk
ORG 0000H
START: MOV SP#70H
CLR BEEP
MOV P0,#00000000B
MOV P1,#00000000B
MOV P2,#00000000B
MOV P3,# 000000008
LCALL DELAY._ls
MOV PO#11111111B
MoV PL#11111111B
MOV P2#11111111B
MOV P3#11111111B
SETB BEEP
MOV TMOD,#00010001B
MOV TLO,#00H

MOV THO,#00H

194



195

MOV IE,#10010000B
MOV SCON,#40H
SETB REN
SETB OPTO_ON
PHASEI: JNB OPTO_ON,ZEROS_01
PHASE2: MOV APl
MOV ON_CYCLE,A
CLR C
MOV AH64H
SUBB A,ON_CYCLE
MOV OFF_CYCLE,A
MOV PO,ON_CYCLE
MOV P2,0FF_CYCLE
LIMP PHASEI!
ZEROS_01: SETB SQ IN
ZEROS_02: INB SQ_IN,ZEROS_03
LIMP ZEROS_02
ZEROS_03: JB SQ_IN,FULL_ONI1
LIMP ZEROS_03
FULL_ ON1:  CLR TRIAC
CLR BEEP
LCALL DELAY Is
SETB BEEP
SETB OPTO_OFF
FULL_ON2:  JNB OPTO_OFF,FULL,_ON3
LIMP FULL_ON2
FULL_ON3:  SETB SQ_IN
FULL_ON4:  INB SQ_IN,FULL_ONS5
LIMP FULL_ON4
FULL ON5:  JB SQ_IN,FULL_ON6
LIMP FULL_ONS
FULL ON6:  SETB TRIAC
LR BEEP
LCALL DELAY_100ms
LCALL DELAY_100ms

LCALL DELAY_100ms



SETB BEEP
SETB OPTO_ON
FULL ON7:  INB OPTO_ON,FULL_ONS
MOV APl
¢« MOV ON_CYCLE,A
CLR c
MOV A H#64H
SUBB A,ON_CYCLE
MOV OFF_CYCLE,A
MOV PO,ON_CYCLE
MOV P2,0FF CYCLE
LIMP FULL_ON7
FULL_ON8:  CLR BEEP
LCALL DELAY 1Is
SETB BEEP
SETB SQ IN
FULL_ON9:  JNB SQ_IN,FULL_ON10
LIMP FULL_ON9
FULL_ON10: JB SQ_IN,TRIAC_ON
LIMP FULL_ON10

* * *x *hkk : L2 2 2
2

; afudygnaussiuliih sasius o lefass on

* * *% * *kkkhk

ON_01: INB SQ_IN,ON_02
LIMP ON_01

ON_02: . SQ_IN,TRIAC ON
LIMP ON_02

TRIAC ON:  CLR TRIAC
MoV KEEP_ON,#00H

ON_03: B SQ_IN,ON_04
LIMP ON_03

ON_04: MOV PO,ON_CYCLE

ON_05: INB SQ_IN,ON_06
LIMP ON_05

ON_06: INC KEEP_ON

MOV AKEEP ON
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; a¥edyanoms i Wi uasius o lmRashe oFr

AR A AR Aok o oo o o o s oo oo ook e ok oo oo o o o o o o o ok o o ok oK o
’

CINE

A,ON_CYCLE,ON_03

OFF_01: JNB SQ_IN,OFF_02
LIMP OFF_01
OFF_02; B SQ_IN,TRIAC_OFF
LIMP OFF_02
TRIAC_OFF:  SETB TRIAC
MOV KEEP_OFF #00H
OFF_03: JB SQ_IN,OFF 04
LIMP OFF_03
OFF_04: MOV P2,0FF_CYCLE
OFF_05: INB SQ_IN,OFF_06
LIMP OFF_05
OFF_06: INC KEEP_OFF
MOV AJKEEP_OFF
CINE A,OFF_CYCLE,OFF_03
LCALL CYCLE_0
LIMP ON_01
; damsudeya
"‘""J‘ #kkkkkk Hekok gk kok Fdok%
CYCLE_0: SETB OPTO_OFF
INB OPTO_OFF,ZC_04
CYCLE_I: MOV API
MoV ON_CYCLE,A
CLR C
MOV A 64t
SUBB A,ON_CYCLE
MoV OFF_CYCLE,A
MOV PO,ON_CYCLE
MOV P2,0FF_CYCLE
RET
ZC_04: SETB SQIN
2C_05: INB SQ_IN,ZC_06
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LIMP ZC 05
ZC_06: JB SQ_IN,CYCLE 2
LIMP ZC_06
CYCLE_2: SETB TRIAC
MOV P0,#00000000B
CLR BEEP
LCALL DELAY_l1s
SETB BEEP
SETB OPTO_ON
CYCLE _3: JNB OPTO_ON,ZC_07
CYCLE _4: MOV APl
MOV ON_CYCLE,A
CLR C
MOV A#64H
SUBB A,ON_CYCLE
MOV OFF_CYCLE,A
MOV PO,ON_CYCLE
MOV P2,0FF_CYCLE
LiMP CYCLE 3
ZC_07: SETB SQ_IN
ZC_08: INB SQ_IN,ZC 09
LIMP ZC_08
ZC_09: JB SQ_IN,ZC_10
LIMP ZC_09
ZC_10: LIMP TRIAC_ON
; DELAY 1ms
DELAY_Ilms: MOV R6,#0ESH

DELAY_lIms_l: NOP
NOP
DINZ R6,DELAY_Ims_1
NOP
NOP
NOP



RET

= ok oo o o ot ok e oo ol ok o s o ke ofe e o o o o o o ke ok ok ok ok ok o o e ok ok ook ok
’

; DELAY 10ms

<Aook ok R Ao K o Ak Ao o o ook o R o o ok ok ok ok
?

DELAY_10ms: MOV
DELAY_10ms_l: MOV
DELAY_10ms_2: NOP

R7,#010
R6,#0E6H

NOP
DINZ R6,DELAY_10ms 2
DINZ R7,DELAY_10ms_1
RET

;* *Rkkkokk ERRAok

; DELAY 100ms

k% kK%
?

DELAY_100ms: MOV
DELAY_100ms_1: MOV
DELAY_100ms_2: NOP

¥ el e oe s o e ake e o dk s ok e sk ok kol okok

R7,#0100
R6,#0E6H

NOP
DINZ R6,DELAY_100ms_2
DINZ R7,DELAY_100ms_1
RET
; ko kkokk *kkk Rk kkkkE
; DELAY s
;t#*‘#****#t‘#“# Fakkk KkkkE
DELAY_ ls: MOV RS5,#100
DELAY_1s_1: LCALL DELAY_10ms

DINZ
RET
END

R5,DELAY Is_1
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Abstract

This paper presents a digital control approach used to
generate two kinds of phase - and cycle - controlled waveforms for the
load of oven with & 50-Hz wtility voltage supplied from the input side in
order to compare the electrical characteristics of the two systems. The
[%] ON-OFF control pattern of the (wo waveforms for a constant oven
temperature at 200°C 2£2.5% is also proposed with a successful result.

Keywords:  phass and cycle controls, temperature control, verification
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