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MANUIN 5.1

FIRMWARE (PROGRAM LISTING)



YTECHNOLOGY DEVELOPMENT OFFICE [TDO}
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#PROGRAM  AIR MICROMETER GAUGE VERESION1.0

JHARDWARE  [ANT32]

/BY MREKKAMOL NILARCHA

:EPROM 27C256
LCD_INS
LCD_WR
LCD_RD
PORT_Al
PORT_BI
FORT_Cl
CONTRL_PORT!I
CONTRL_WR

BLGIN_DATA_HI
BEGIN_DATA_LO
KEFP_DATA
PAl

PBI

PC1
CTRLP_!
PA2

PB2

PC2
CTRLP_2
PAJ

PE3

PC3
CTRLP 3
PA4

P4

PC4
CTRLP_4
PAS

PBS

PCS
CTRLP_S
PAG

P36

PC6
CTRLP_6
CTRL_WR
BUFFER}

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

OFAOOH
0FAQ2H
OFAOQ3H
CFB00H
OF801H
OF802H
OF8034
00090+

OBFFAH
OBFFDH
0CO00H
OFFOOH
OFFOIH
OFFO2H
OFFO3H
OFF10H
OFF1LH
OFFIZH
OFF13H
CFF20H
OFF21H
OFF22H
OFF23H
OFF30H
OFF31H
OFF32H
OFF33H
0FF40H
OFF41H
OFF42H
OFF43H
OFF30H
OFFS1H
OFF32H
OFF33H
S0H
22H

ADDRESS FOR INSTRUCTION OF LCD MODULE
JADDRESS FOR WRITING LCD MODULE
JADDRESS FOR READING 1L.CD MODULE

PORT A OF 825541

PCRT B OF 8255 #1

PORTCOF 8255 #1

{CONTROL PORT OF 8255 #1

CONTROL CODE

;PORT A-INPUT,PORT B-OUTPUT,PORT C-OUTPUT



BUFFER2
BUFFER3
BUFFER4
BUFFERS
BUFFERG
BUFFER7
BUFFERS
BUFFERD
BUFFER 10
BUFFERIt
BUFFER12
BUFFER{}
BUFFERI4
BUFFER(S
BUFFER16
HIGH_BUFFER]
LOW_BUFFERI
HIGH_BUFFER2
LOW_BUFFER2
INC_POINTERI
INC_POINTER2
INC_POINTER3
INC_POINTER4
COUNT_HIGH
COUNT_LOW
BpPP
FULL_ADDI
FULL_ADD2
DELTA_STD
HIGHBYTE!
LOWBYTE]
HIGHBYTE?
LOWBYTE?
HIGHBYTE3
LOWBYTES
ANS H

ANS L,
CHK_COUNTI
CHK_COUNT2
DELTA RESULT
LOS

CR

LE

LOU
EQU
EQU
EQU
EQU
EQU
FQU
EQU
LQU
EQU
EQU
EGU
EQU
EQU
EQU
EQU
EQU
FQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
£QU
EQU
EQU
EQU
EQU
EGQU
EQU
EQU
EQU
EQU
EQU
FQU
LQU
EQU
EQU
EQU
EQU

23H

24H

26H
27d
28H
20H
30H
3IH
32H
37H
38H
39H
3AH
i8Il
I1GH
11H
121
1311
14H
I5H
16H
171
18H
19H
1AL
1D
LEH
Gilt
2AH
2B
2CH
20N
0All
OBt
2[EH
2I°H
0CH
ObLH
60
OEH
0AH

ODH

REGISTER BUFFER FOR LCD MODULE
SREGISTER BUFFER FOR LCD MODULE
REGISTER BUFFER FOR LCD MODULE
SREGISTER BUFFER FOR LCD MODULE
POINTER FOR FIRST LOOP

SPOINTER FOR SECOND LOOP
JPOINTER FOR THIRD LOOP

JPOINTER FOR FORTIH LOOP

KEEP DATA FOR CALCULATE

JKEEP DATA FOR CALCULATE

JFOR SOUND BEEP

wnaUntazaadiinnun ey unatulad
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XL
XH
YL
YH
Z0
Zl
2
Z3
ZL
ZH
ZOV

EQU s2H
EQU S3H
EQU 5411
EQU 35H
EQU 56H
EQU 57H
EQU SBH
EQU 59H
EQU SAH
EQU SBH
EQU  09H

wenavUuntarasdninnunemalulad

uiun wiisilnalianadidastu Hifa

SR START PROGRAM WO T

ORG 0000H

LCALL DELAY

MOV INC_POINTER1A00H
MOV INC_POINTERZ #GOH
MOV INC_POINTER3 #OOH
MOV INC_POINTER4AOOH
CLR O1H

CLR 02ZH

CLR O3H

CLR 04H

CLR OBH

CLR OFH

CLR P34

CLR P33

MOV COUNT_HIGH #00H

SET BEGINING VALUE

SET BEGINING VALUE
JSETBEGINING VALUE
SETBEGINING YALUE

FOR LOOP STATUS

JFOR LOOP STATUS

FOR LOOP STATUS

\FOR LOOP STATUS

JFOR CHECK STATUS OF RECORDING
JFOR MEMORY STATUS

JCOUNTER (FOR READ TO BE INPUT)

MAINT:

KEY SET:

MOV SP#62H
LCALL [NIT_R5232
LCALL INIT_8255
LCALL INIT_8255X6
LCALL CLEAR_B
LCALL INIT_7219
LCALL DISP_LINE
LCALL CLEAR
LCALL INIT_LCD
LCALL TITLE
LCALL LCM

LCALL RUN_ADRC
LCALL GET_KEY
LCALL DELAY
CINE AH#O0H MAINI

JSET STAG ON 50H

ANITIAL PORT 8255

ANTTIAL 7219 LED DISPLAY DRIVER

{CLEAR LCD MGDULE
LINITIAL LCO MUDLULL
STITLE "ATR MICROMETER"
DISPLAY LCD MODULE
RUNAD 7109

GET KEYBOARD

DIELAY 130 MSEC

{CHECK SET KEY



SET_LOW: LCALL SET_LOWER

LCALL LOCM

LCALL INIT_§255X6

LCALL CLEAR B
ST R e

LCALL FIX_LOW

L.CALL DISPLAY_RED
SRS 0

LCALL DISP_0000

LCALL RUN_ADC :RUN A/D 7109

L.CALL LOOP_BEEPI

MOV COUNT_LOW #00H
KEY ENTER2: LCALL GET_KEY

CIJNE A #04H,XEY_ENTER2

LCALl GET DIGIT

MOV HIGHBYTELRO

MOV LOWBYTELRI

LCALL RUN_ADC

MOV DPTRABEGIN_DATA_LO

MOV AR

MOVX @DIFTR A

INC DPTR

MOV ARI

MOVX @GDPTR A DATA FROM ADC

INC DIFTR

MOV ACOUNT_LOW

MOVX @DMIR.A DATA FROM KEYBOARD
READ DATA FROM LCD AND BLINK ALL

LCALL READ N

PUSLHE S0i1

PUSITSIH

PUSIE 5211

PUSH 53H

PLSIE 5411

PUSH 55H

PUSH 5611

PUSH 571

PUSH 58H

PUSH 5911

PUSH 54H

PUSH sBH

PUSH 5CH

PUSH 5DIH

wnarsnlarasdinnunannmalulad
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PUSH SEH

PUSH 5FH

LCALL SHUTDOWN
LCALL BLANK
LCALL LCM

LCALL DELAY
LCALL NORMAL

R T e e T e

LCALL CLEAR B
LCALL DISPLAY_RED
LCALL DELAY_B
LCALL FIX_LOW
LCALL DISPLAY_RED

N T T R

SET_UP:

CHECK_INC:

POP 5FH

POP SEH

POP 5DH

BQP SCH

POP 5BH

POP 5AH

POP 59H

POP 58H

POP 57H

POP 56H

POP 55H

POP 54H

POP 53H

POP 52H

POP S1H

POP 50H

LCALL WRITE_OUT
LCALL LOOP _BEEPI
LCALL RUN_ADC
LCALL SET_UPPER
LCALL LCM

LCALL SHUTDOWN
LCALL DELAY
LCALL NORMAL
LCALL DISP_(HX0
LCALL RUN_ADC
LCALL GET_KEY
CJNE A#02H,CHECK_DEC
LCALL INCREASE

RUNAMD 7109
"SET_UPPER: 000.0"
DISPLAY LCD MODULE

JDISPLAY 7 SEGMENT 000.0
JRUN AT T109

JGET KEYBOARD

JCHECK INC KEY
JINCREMENT COUNTER

wndsdndarmdinauwasnmalulag
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LCALL CHECK_POINTER_INC
LCALL KEY_INC
J/DISPLAY NUMBER TO 7 SEGMENT
LCALL DISP_COUNTER
LCALL RUN_ADC
MOV BPP48
LCALL BEEP
SIMP CHECK_INC
CHECK_DEC: PLISH DEOH
MOV A COUNT_HIGH
CINE A #00H,G00
POP OEOH
SIMIP PRESS_ENTERI
GOO: POP OEOI
CINE ABO6H PRESS ENTERI
LCALL DECREASE
LCALL CIHECK_POINTER_DIC
LCALL KEY DEC
JDISPLAY NUMBER TO 7 SEGMENT
LCALL DISP_COUNTER
LOALL RUN_ADC
MOV BPP A8
LCALL BEEP
SIMP CHECK_INC
PRESS ENIERL:  CINE A AO4ELCHECK INC
MOV DPTRABEGIN DATA I
INC DPTR
INC DPTR
MOV ALCOUNT HIGH
MOVX G NITRA
READ DATA FROM | CI AND BLINK ALL
LCALL READ_IN
PUSH S0II
PUSH 511
PUSIT S2H
PUSH 5311
PUSH S4H
PUSH 5511
PUSH 56H
PUSH 57H
PUSI 5811
PUSH 59H

PUSH 5AH

:CHECK POINTER VALUE
:DISPLAY INCREMENT

RUN AD 7109

SRUN AMD 7109

nasuntdarasdninnuneuinalulag
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WAIT_ENTER:

PUSH 5BH
PUSH 5CH

PUSH 5DH

PUSH SEH

PUSH 5FH

LCALL SHUTDOWN
LCALL BLANK
LCALL LCM
LCALL NORMAL
POP SFH

POP SEH

POP 5DH

POP SCH

POP 3BH

POP 5AH

POP 59H

POP 58H

POP 57H

POP 56H

POP 350

POP 54H

POP 53H

POP 52H

POP 51H

POP S0H

LCALL WRITE QUT
LCALL LOOP_BEEP]
LCALL RUN_ADC RUN A/D 7109
LCALL PLACE_STANDARD
[CALL 1L.CM
LCALL GEV KEYB

CINE A #O4H,WAIT _ENTER
LOALL GET_DIGIT GET DIGITAL DATA FROM ADC
LCALL PYCK_HIGH

LCALL RUN_ADC

MOV DPTR AREGIN DATA 1
MOV ARD

MOVX @DPTR.A

INC DPTR

MOV AR

MOVX @DPTR,A ATA FROM ADC
LCALL BLANK

LCALL LCM
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LCALL DELAY

PLSH 22H

PUSH 231

PUSH 24H

PUSH 25}

PUSII 26H

PUSH 27H

PUSH 28H

PUSH 29H
S s R

LCALL FIX_LOW

LCALL DISPLAY_RED

LCAL L DELAY_B

POP 2911

POP 281

POP 27H

POP 2611

POP 25H

POP 2411

POP 23H

POP 221

LCALL DISPLAY RED
R 10

1 CALL LOOP_BEEPI

LCALL RUN_ADC RUN A/D 7109

LCALL READRY _TO_WORK

LCALLLCM
1 S 355
;ttt I R R I T R R R L S R L S A R s R Y R L N L L RS E LR L S
CAL: MOY XLLOWBYTI3

MOV YLLOWBYTE]

MOV XH HIGHBY1E3

MOV YHLHIGHBYTE!]

LCALL SUBIG

MOV DELTA STDZL.
RUN_3KEY: MOV DPTRAKEEP DATA ST ADDRESS FOR RECORDING

PUSH DPH

PUSH DPL.
CHECK_3KEY:  LCALLGLT KEYI

LCALL DELAY
CREC JBOSH.CF

CINE ABOIHLCE

SETH 0811



CF:

LCALL RECORD
LCALL LCM

LCALL LOOP_BEEPR1
INB OSH.CS

CINE AH0IH,CS

#LOOP FOR WORK {FOOT BUTTON]

Cs:

1L.CALL GET_DIGIT
LCALL RUN_ADC
POF DPL

POP DPH

MOV A RO

MOVX @DPTR.A
INC DPTR

MOV A RI

MOVX @DPTR.A
INC DPTR

PUSH DPH

PUSH DPL.

LCALL BLINK
POP DPL.

I'OP DIPH

MOV CHK_COUNTLDPH
MOV CHK_COUNT2,DPL

PUSH DPH

PUSH DPL

LCALL COUNTER
MOV BPP#LO

L CALL BEEP

CINE A#O5H,CSU
CLRO8H

LCALL SEND
LCALLLCM

LCALL LOOP_BLE:PI

J1.OOP FOR SEND DATA TO PC

LCALL HEAD
POF DPL

POP BPH
MOV 52H,DPH
MOV 53H,DPL
PUSH DPH
PUSH DPL
CLR 0SH

MOV R7.#1
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CHECK_F:

KI.OOP:

GOGO:

cory:

CONT:

MOV DPTRABEGIN_DATA_HI

MOV A £01H
LCALL SEND_SERIAL
LCALL COPY

CINE A BI0H CHECK_F
LCALL CLEAR_DATA
LCALL CLEAR B
LCALL DELAY
LCALL DELAY
LCALL DELAY

LIMP SET LOW

POP DPL

POP DPH

MOV 03H.DPH

MOV 0911, DPL

PUSH DPH

PUSH DPL

LCALL CHECK FULL
INB OFH GOGO
LCALL GET KEY2
LCALL DELAY

CINE A 0511, KLOOP
CLR 0811

CLR OFH

LCALL FLOW_DAT
LIMP RUN_3KEY

LIMP CHECK_3KEY

MOVX AaDIFIR
LCALL SEND_ASCII
INC DPTR

MOV 50H.DPH

MOV 51H,DIL

MOV A, 5011

CINE AROBFH.CONT
MOV ASIH

CINE A#OFCH,CONT
[LCALL COMMA
MOV ASOH

CINE A #OBFH.CONTI
MOV ASIH

CINE A#OFDH,CONTI

LEALL COMMA
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CONTI:

CONTIN:

CONTINU:

MOV A,501

CINE A HOBFH CONTIN
MOV ASIH

CINE A #0FFH.CONTIN
LCALL COMMA

MOV A501T

CINE A #OCOH.CONTINU
MOV ASIH

CINE A S00H CONTINU
LCALL ENTER

SETB 091

INB 09H.COPY

MOV A SI1H

CINE A S3IH.CHECK_COMMA
MOV A,5011

CINE A,S2H,CHECK_COMMA
MOV A #04H

[LCALL SEND_SCRIAL
LCALL READY_TO_WORK
LCALL LCM

MOV BPP 410

1.CALL BEEP

LCALL ENTER

RET

CHECK_COMMA: INCR?

NO_COMMA:

ENTER:

COMMA:

CHECK_9006H:

CINE R7,H2,COPY
MOV R7.20

CLR OAH

LCALL CHECK_ 900611
JB OAH, NG _COMMA
LCALL COMMA

LIMP COPY

MOV A #ODIH

LCALL SEND SERIAL
MOV AJ0AH

LOALL SEND SERIAL
RET

MOY AR

LCALL SEND_SERIAL
RET

MOV A S0H

CINE A#OCOH RRET
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RRET:
CHECK_FULL:

BACK :
HLINK:

FLOW_DAT:

MOV A 5TH

CINE AHOOH.RRET
SETB 0AH

RET

MOV A08E

CINE A SOFSH.BACK
MOV A.09H

CINE A#ODH.BACK
MOV A#F

1.CALL SEND_SERIAL
MOV AR

LCALL SEND_SERIAL
MOV A #L

1.CALL SEND_SERIAL
MOV A#L

LCALL SEND_SERIAL
LCALL ENTER
LCALL SEND_SFRIAL
LCALL FULL

LCALL LCM

SETB 01 H

MOV BPP#10

LCALL BEEP

LCALL DELAY
LCALL DELAY

RET

LCALL SHUTDOWN
[.CALL BLANK
LCALLICM

LCALL DELAY
LCALL NORMAL
LCALL RECORIMNNG
LCALL LLCM

RET

LCALL SEND

LCALL LCM

LCALL LOOP_BELP]

JLLOOP FOR SEND DATA TO PC

MOV 5211408
MOV 535 #00H
CLR 09

MOV RT#]

MOV DPFTRABEGIN DATA 1

JONLY ORI NUMBER[0.2,4,6,81

TTHE LAST ADDRIESS FIIGH BYTE

JTHE LAST ADDRESS LOW BYTE
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COPY2:

CONT2:

CONTI2:

CONTINUZ:

MOV A #01H
LCALL SEND_SERJAL
LCALL COPY2

RET

MOVX A@DPTR

LCALL SEND_ASCI!

INC DPTR

MOV 50H,DPH

MOV $1H,DPL

MOV A,S0H

CINE A #0BFH,CONT?
MOV A SIH

CINE A #OFCH,CON'?
LCALL COMMA

MOV A,50H

CINE A#OBFH,CONTI2
MOV ASIH

CINE A #0FDH.CONTI2
LCALL COMMA

MOV A SOH

CINE AFAOBFH, CONTIN2
MOV ASITH

CINE A HOFFH CONTINZ
LCALL COMMA
CONTINZ:MOV A 50H
CINE A #O0COH,CONTINU2
MOV A 51H

CINE A #00H,CONTINU2
LCALL ENTER

SETB 09H

JNB 0%H,COPrY?2

MOV ASTH

CINE A53H,CHECK_COMMA2
MOV A,50H

CINE A,521LCHECK_COMMA?2
MOV A F04H

LCALL SEND_SERIAL
LCALL READY_TO_WORK
LCALL LCM

MOV BPPELD

LCALL BEEP

LCALL ENTER

RET
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CHECK_COMMAZ: INCR?
CINER7#2,COPY2
MOY RTHO
CILROAH
L.CALL CHECK_9006H
JB OAH.NO_COMMA?2
LCALL COMMA
NO_COMMAZ: LIMP COPY2
COUNTER: MOV A,CHK_COUNTI
SUBBE A #0C0H
MOV CHK_COUNTILA
MOV ACHK_COUNT2
SUBB A #00H
MOV CHK_COUNT2,A
CLRC
MOV A CHK_COUNTI
RRC A
MOV CHK_COUNTIL,A
MOV A.CIIK_COUNT2
RRC A
MOV CHK_COUNT2,A
MOV DPH,CHK_CQOUNTI
MOV DPLCHK_COUNT2
LCALL HTOD
LLCALL SEND_LCD
MOV A #OFFH
RET
IR I T I T
CLEAR DATA: MOV INC_POINTER| #0011
-MO‘-’ INC_POINTER2 #OGH
MOV INC_POINTER3,#0CH
MOV INC_POINTER4,#0011
CLROIH
CLRO2H
CLR 031
CLR 04H
CLR OBt
CLR OFH
CLRP3A
CLR P35
MOV COUNT_HIGELACGIH
RET
B T P

DIVIDE2 BYTEBY 2

SAFTY A BEFORE BACK

SETBLEGINING VALUE
SSET BEGINING VALUE
SET BEGINING VALUE
SET BEGINING VALUE

JOR LOOP STATUS
JFOR LOOP STATUS
(FOR LOOP STATUS
TFOR LOOP STATUS

waasUnileaasdiinnuiannalulad
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INCREASE:

DECREASE:

CHECK_POINTER_INC: MOV A INC_POINTERI

RETURN_I:

CHECK_POINTER_DEC:

CHECK_1:

CHECK_2:

CHECK_X:

MOV A COUNT_HIGH JINCREAMENT COUNTER
INC A

MOV COUNT_HIGH,A
RET

MOV A, COUNT_HIGH
DEC A

MOV COUNT_HIGH,A
RET

;MEMORY POINTER
INC A

MOV INC_POINTERLA
CINE A#I0,RETURN_1
MOV INC_POINTER #00H
SETBOIH

MOV AINC_POINTER?
INC A

MOV [NC_POINTER2,A
CINE A#IORETURN |
MOV INC_POINTER2 #00H
SETB 02H

MOV A,INC_POINTER3
INC A

MOV INC_POINTER3,A
CINE A#10RETURN 1
MOV INC_POINTER3 #0011
SETB 03H

MOV AINC_POINTLRS
INC A

MOV [NC_POINTER4,A
CINE A #10,RETURN_|
MOV INC_POINTER4 #00i |
RET

IMP CHECK_|
MOV AINC POINTER]
CINE A#00RUN_DECI
MOV [NC_POINTER! #9

MOV AINC_POINTER2
CINE A#OO,RUN_DEC2
MOV [NC_POINTER2 %9
MOV A INC_POINTER3
CINE AFOO,RUN_DHC3
MOV INC_POINTERIH9
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CHECK 4: MOV AINC POINTER4
CINE A #00,RUN_DEC-
MOV INC_POINTER4 49
RET

RUN_DECI: MOV AINC_POINTER( :MEMORY POINTER
DEC A
MOV [NC_POINTER LA
CINE A#0.RETURN_2
RET

RUN_DEC2: MOV A,INC_POINTER?
DEC A
MOV INC_POINTER2,A
CINE A#0RETURN_2
RET

RUN_DEC3; MOV A INC_POINTER3
DEC A
MOV INC_POINTER3,A
CINE A#ORETURN 2
RET

RUN_DEC4: MOV A,INC_POINTER4
DIC A
MOV INC_POINTER4,A
CINE A f0 RETURN 2
RET

RETURN_2: RET

I U G5 403111

KEY_INC: IMP ONE

ONE: MOV AFOCTH
LCALL STROBE
MOV A, INC_POINTER ;OPEN TABLE
MOV DPTR ANUMBER
MOVC A @A+DPTR
LCALL WR_ENABLE WRITE DATA FOR INCREASE
JB O TWO
RET

TWO: LCALL DOT
CLROIH
MOV ABOCSH
LCALL STROBE
MOV A,INC_POINTER2
MOV DPTR#NUMBER
MOVC A@A+DPTR

[.CALL WR_INABLL



JB 02H,THREE
RET

THREE: CLR 02H
MOV A #0CaH
LCALL STROBE
MOV AINC_POINTER3
MOV DPTR,#NUMBER
MOVC A @A+DPTR
LCALL WR_ENABLE
JB 03H,FOUR
RET

FOUR: CLRO3H
MOV A #0C3H
LCALL STROBE
MOV A INC_POINTER4
MOV DPTR #NUMBER
MOVC A @A+DPTR
LCALL WR_ENABLE

B 04H,OVER
RET

OVER: CLRO4H
RET

NUMBER: DB "0123456789"

S I R0
KEY_DEC: NOP
FIRST: MOV A#OCTH

LCALL STROBE

MOV A,INC_POINTERI

MOV DPTR ANUMBER

MOVC A @A+DPTR

LCALL WR_ENABLE :WRITE DATA FOR INCREASE
SECOND: MOV A H#0C5H

LCALL STROBE

MOV A,INC_POINTER2

MOV DPTR4NUMBER

MOVC A@AYDPTR

LCALL WR_ENABLE WRITE DATA FOR INCREASE
THIRD: MOV A#0CAH

LCALL STROBE

MOV AINC_POINTER3

MOV DPTR#NUMBER

MOVC A@A+DPTR

LCALL WR_ENABLE WRITE DATA FOR INCREASE

wannarmdinmusmalulad
visn wiilsdlnadiamadilantu Hie



FORIH:

CONVERT _DATA:

DOT:

BELP:

RAM:

LOOP_BEEP:

PICK_ TG

MOV A#0C3H
[CALL STROBE
MOV AINC_POINTERS
MOV DPTRA#NUMBER
MOVC A @A+DPTR
[.CALL WR_ENABLE
RET

MOV ASBH

SUBE A #3011

MOV SBITA

MOV A,5CH

SUBR A430H

MOV SCHLA

MOV A SDH

SUBB A4300

MOV SDH,A

MOV A, 511

SUBB A#30H

MOV SFHA

RET

MOV AL H0CE
LCALL STROBE
MOV AR

LOALL WR_ENABI i
LCALL DELAY

RET

MOV R4.#04

MOV R3£001
SETEPLS

I CATL D RAY
CLRPLS

LCALL D RAY

DINZ R3,RAP

DUNTZ RI,RAP

RIT

MOV BPP#1S

LCALL BELP

RET

MOV HIGHBY TELRO
MOV LOWBYTES R
RET

L S PORT B258 U WIS

INIT 8235

MOV ARCONTRL_WR

WRITE DATA FOR INCREASE
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ST PORT B2 SSXGAMINN ST

INIT_8255X6;

MOV DPTR #CONTRL_PORT!
MOVX @DPTR.A
RET

MOV DPTRACTRLP_|
MOV A #CTRL_WR
MOVX @DPTR,A
MOV DPTRACTRLP 2
MOVX @DPTR,A
MOV DPTRECTRLP 3
MOVX @DPTR,A
MOV DPTRECTRLP 4
MOVX @DPTR.A
MOV DFTR #CTRLP 5
MOVX @DPTR A
MOV DPTRACTRLP 6
MOVX @DPTR.A
MOV R7,400H

DINZ RT,$

RET

BRI CLEAR I R 2108

CLEAR B

MOV BUFFER|L#0GH
MOV BUFFLER2 #00H
MOV BUFFER3.#00H
MOV BUFFER4.HO0H
MOV BUFFERSHOOH
MOV BUFFERG,HOOH
MOV BUFFER7,#O0H
MOV BUFI'ERE,H00H
MOV BUFFER9 #0011
MOV BUFFERLO,#0011
MOV BUFFERTLFOOH
MOV BUFFER12 2001
MOV BUFFERT3 #0011
MOV BUFFER|4,40011
MOV BUFFER15,#00H
MOV BUFFER LS, #0011
LCALL DISPLAY_RED
LCALL DISPLAY_GREEN
RET

R T T R WA N R T i i e e

FIX_LOW:

MOV BUFFER 1 #00H
MOY BUFFER2 #00H
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MOV BUFFER3#00H
MOV BUFFER4200H
MOV BUFFERS #01H
MOV BUFFER6#00H
MOV BUFFER7#00H
MOV BUFFERS £00H
RET

L e A N e

DISPLAY RED: MOV DPTR#PAL
MOV ABUFFER|
MOVX @DFTRA
[CALL DELAY_B
MOV DPTR#PBI
MOV A,BUFFER2
MOVX @DPTR.A
LCALL DELAY B
MOV DPTRAPC
MOV A.BUFFER3
MOVX @DPTR A
[.CALL DELAY B
MOV DPTR#PA2
MOV A RUFFFR4
MOVX @DPIR.A
LCALL DELAY B
MOV DPTR#PB?
MOV A BUFFERS
MOVX @DPTR A
LCALL DELAY B
MOV DPTREPC2
MOV A BUFFER6
MOVX @DPTR,A
LCALL DELAY B
MOV DPTHEPAS
MOV ABUFFERY
MOVX @DPTRA
LCALL DELAY B
MOV DPTR AHPBS
MOV A BUFFERS
MOVX @DPTR.A
LCALL DELAY B
RET

ST GREEN BT R

DISPLAY_CGREEN: MOV DPFTR.#PA4



SR RUN REDR-BAR FTHHTI G0

RUN_HIGH:

CHECK_MINUS:

MOV A BUFFERS
MOVX @DPTR.A
LCALL DELAY_B
MOV DPTR PB4
MOV A, BUFFER10
MOVX @DPTR.A
LCALL DELAY_B
MOV DPTR &PC4
MOY A,BUFFERI |
MOVX @DPTR.A
L.CALL DELAY B
MOV DFTRH#PAS
MOV A,BUFFER12
MOVX @DPTR.A
LCALL DELAY_B
MOV DPTR #PBS5
MOV A, BUFFER13
MOVX @DFTR.A
LCALL DELAY_H
MOV DPTR 4PCS
MOV A BUFFER 14
MOVX @DPTR.A
LCALL DELAY B
MOV DPTR #PA6
MOV A BUFFER1S
MOVX @DPTRA
LCALL DELAY B
MOV DPTR #PB6
MOV A BUFFER 6
MOVX @DPTR,A
LCALL DELAY B

RET

CLRC
MOV A LOWBYTE2

SUBB A,LOWBYTE!

MOV ANS_LA

MOV AHIGHBYTE2

SUBB A HIGHBYTEI

MOV ANS_H,A

CINE A #00H,CHECK_MINUS
LIMP RUN_MVP

CINE A #0FFH,GO_OTHER
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LIMP RUN_MVM
GO_GTHER: LIMP OTHER
S ST RGN N OLT+ MRl il
RUN_MVP: {LCALL RUN_REDP

LCALL DISPLAY_RED

RET

e T AT

RUN_REDF: MOV ALANS L

MV0: CINE A F0OILMV ]
SIMP SHI

MV CINE A#OTHMV2

SH: MOV BUFFERLHOOH

MOV BUFFERZ.#00H
MOV BUFFER3HO0H
MOV BUFFER4,#00H
MOV BUFFERS #OIH
MOV BUFFER6,#0011
MOV BUFFER7 #D0H
MOV BUFFERE #G0H
RET

MV2; CINE A #02HMV3
SIMP SH2

MV3: CINE A#03EL MY

SH2: MOV BUFFERLAOOH
MOV BUFFER2,#001H
MOV BUFFER3HO0H
MOV BUFFER4.#00E
MOV BUFFERS,#03H
MOV BUFFER6 #00H
MOV BUFFERT #O0H
MOV BUFFERS #00H

RET
MVd: CINE A #O4H MV5
SIMP SH3
MV5: CINE A ROSHMVE
S13: MOV BUFFERILAOCH

MOV BUFFER2 #00H
MOV BUFFER3#0CI
MOV BUFFERS,#00H
MOV BUFFERS ROS1
MOV BUFFERS,#00H
MOV BUFFER7,#00H
MOV BUFFERE #00H



MVE:

MV7:

SH4:

MVE:

MVY;

SHS:

MV10:

MV I:

SHe:

MVI12:

MVI13:

SH?7:

RET

CINE A #06HMVT
SIMP SH43

CINE ABOTH MVE
MOV BUFFERL #00H
MOV BUFFER2 #00H
MOV BUFFER3 #OCH
MOV BUFFER4,#00H
MOY BUFFERS,#09H
MOV BUFFERG,#00H
MOV BUFFER7,#00H
MOV BUFFERB #00H
RET

CINE A#08H MV
SIMP SHS

CINE AFQ9H MVIO
MOV BUFFER| #O0H
MOV BUFFER2 #00H
MOV BUFFER3,#001
MOV BUFFER4,#00H
MOV BUFFERS #11H
MOV BUFFERG,#0OH
MOV BUFFER7 #00H
MOV BUFFERS#00H
RET

CINE AEDAILMVI
SIMP Sti6

CINE ABOBHMVI2
MOV BUFFERLZ00H
MOV BUFFERZ.#00H
MOV BUFFER3.#00H
MOV BUFFER4#00H
MOY BUFFER3#21H
MOY BUFFER6,#00H
MOV BUFFERT #OGH
MOV BUFFERE.#00M1
RET

CINE AHOCH MV 13
SIMP SHT

CINE A#OBILMV 14
MOV BUFFER.KOGLI
MOV BUFFER2 #00H
MOV BUFFER3,#0CH
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MVv14:

MVI5:

SHE:

MVI16:

MVI7:

SHY:

MVIS:

MV19:

SHI1O:

MWV20:

MOV BUFFER4.£0011
MOV BUFFERS.#4H
MOV BUFFERS #O0H
MOV BUFFER7#00H
MOV BUFFERS #00H
RET

CINE ARCDHMVLS
SIMP SHE

CINE A#OEH MY 16
MOV BUFFERT #00H
MOV BUFFER2,ZO0H
MOV BUFFER3 #00H
MOV BUFFER4#00H
MOV BUFFERS #81H
MOV BUFFERG,#00IT
MOV BUFFER? £00H
MOV BUIFFERB,#00H
RET

CINE AFOFILMViT
SIMP SH9

CINE A#IOHMVIS
MOV BUFFER 1 HOOH
MOV BUFFER2,#0011
MOV BUFFER3 2001
MOV BUFFERA#OLT
MOV BUFFERS #CLIE
MOV BULFERS,#O0EL
MOV BUFFER7,#00E
MOV BUFFERS,#00H
RET

CINE AFITHMYL9
SIMP SH10
CINEAHFIZHMV2Y
MOV RUFFER1#00H
MOV BUIFER2 #00i
MOV BUFFER3AODH
MOV BUFFER4H02H
MOV BUFFERSHOTH
MOV BUFFERS #00H
MOV BUFFERT7 HOOH
MOV BUFFERS,#I0T]
RET

CINE AHI3HILMV2]
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MV2L:

SHIL:

MV22:

MV23:

SH12:

MV24:

MV1S:

SHIL3:

MV26:

MV2T:

SHI14:

SIMP SHIL

CINE A#4HMV22
MOV BUFFER] #00H
MOY BUFFER2 #00H
MOY BUFFER3#C00H
MOV BUFFER4,#04H
MOV BUFFERS#01H
MOV BUFFERG6,#00H
MOV BUFFERT #00H
MOV BUFFERS #00H
RET

CINE A #15H .MV23
SIMP SHI2

CINE A#I6HMV24
MOV BUFFER 1 #00H
MOV BUFFER2 #00H
MOV BUFFER3,#00H
MOV BUFFER4,#08H
MOV BUFFERS#01H
MOV BUFFERG #00H
MOV BUFFERT#00L1
MOV BUFFERS,#00H
RET

CINE A #17H,MV25
SIMP SHI3

CINE A#I1BH.MV26
MOY BUFFER1,#30H
MOV BUFFER2 #00H
MOV BUFFER3#001T
MOV BUFFER4,#10H
MOV BUFFERS #01H
MOV BUFFER6,#00H
MOV BUFFERT7.#00H
MOV BUFFERS,#O0F
RET

CINE A#IFHMV2T
SIMP SH14

CINE A#IAHMVZH
MOV BUFFER T, #10H
MGV BUFFERZ #00H
MOV BUFFER3HOOI(
MOV BUFFER4,#20T
MOV BUFFERS,#01H
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MV2E:

MV2G:

SH1S:

MV30:

MV3I:

SHi6:

MV32:

MV33:

SHIT:

MV 34:

MV35:

MOV BUFFERG.#00H
MOV BUFFERT.#00H
MOY BUFFERS #00H
RET

CINE ARIBHMY29
SIMP SHIS

CINE A#ICHLMY30
MOV BUFFERT #G0IL
MOV BUFFER2EGONL
MOV BUFFER3 #GOH
MOV BUFFER4.#40H
MOV BUFFER3#0ITH
MOV BUFFER6.#00H
MOV BUFFERT,#00H
MOV BUFFERS.#0CH
RET

CINE A#IDHMV3L
SINP SHIG

CINE A#LEILMV32
MGV BUFTER L #00H
MOV BUFFER2 #00H
MOV BUFFER3 #0011
MOV BUFFERA#80H
MOV BUFFERS#01H
MOV BUEFFIERG,#O01
MOV BUFFER7,£00H
MOV BUFFERS #00H
RET

CINE A#ITFTEMY33
SiMP SH17

CINE A #2061 MV 34
MOV BUFFER I #00H
MOV BUFFER2 #00t!
MOV BUFFER3FO1H
MOV BUFFERA¥O0LH
MOV BUFFERS#01H
MOV BUFFIR6HO0H
MOV BUFFER7.#00H
MOV BUFFERS.#00H
RET

CINE AHZIHMV3S5
SIMP SHILR

CINE A#22HMV36
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SH18:

MV36;

MV37:

SH19:

MV38:

MV39:

SH20:

MV 40:

Mv4l:

SH21:

MOV BUFFER1,#00H
MOV BUFFER2#00H
MOV BUFFERS #02H
MOV BUFFER4.500H
MOV BUFFERS#01H
MOV BUFFER6,#00H
MOV BUFFER7 #00H
MOV BUFFERS #00H
RET

CINE A#23HMV3Y
SIMP SHIL9

CINE A#24HMV33
MOV BUFFER 1 #001{
MOV BUFFER2 #00H
MOV BUFFER3 #04H
MOV BUFFERA,500H
MOV BUFFERS #01H
MOV BUFFER6 #00H
MOV BUFFER7 #00H
MOV BUFFERE.#00H
RET

CINE A #25HMV39
SIMP SH20

CINE A #26H MV40
MOV BUFIFER L #O0H
MOV BUFFER2,A00H
MOV BUFFER3.FO8H
MOV BUFFER4#00H
MOV BUFFERS HOH
MOV BUFFER6.ROCH
MOV BUFFERT #00H
MOV BUFFERS,#00H
RET

CINE ALTH MV4I
SIMP SII2t

CINE AFI8HMV4Z
MOY BUFFER1#00H
MOV BUFFER2 #001H
MOV BUTTER3 #1001
MOV BUFFERA #2001
MOV BUFTFERS #GUH
MOY BUFFERG#DOH
MOV BUFFER7,50011
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MV42:

MV43:

w”

MVi4:

MV45:
§H23:

MVas:

MV4a7:

SH24:

MV48:

MV49:

s

[

n

MOV BUFFERS HO0H
RET

CINE A#I9HMV43
SIMP SH22

CINE ABZAH MVa4
MOV BUFFERL #00H
MOV BUFFER2 #00H
MOV BUFFER3#20H
MOV BUFFER4.#00H
MOV BUFFERS.#01H
MOV BUFFERS #00H
MOV BUFFER7 #00H
MOV BUFFERS #00H
RET

CINE A #2BH MV4S
SJMP SH23

CINE A #2CH,MV46
MOV BUFTFER 1 #00H
MOV BUFFER2 HOOH
MOV BUFFER3,#40H
MOV BUFFER4.#00H
MOV BUFFERS#01H
MOV BUFFER6.#00H
MOV BUFFER7,#00H
MOV BUFFERS #O0H
RET

CINLE AF2IH MV47
SIMP 5H24

CINE AFH2ZEH MVA4Y
MOV BUFFERLAOOL
MOV BUFFER2 #00H
MOV BUFFER3#80H
MOV BUFFER4#00H
MOV BUFFER3#01H
MOV BUFFERS,HO0L
MOV BUFFER7A#00H
MOV BUFFERE.#00H
RET

CINE A#F2FH MVA9
SIMP SH25

CINE A#IOH MV50
MOV BUFFERILFOOH
MOV BUFFER2 #011H
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MY 50:

MV5i:

SH26:

MVS2:

MVil:

SH27:

MV3d:

MV3s:

SH28:

MOV BUFFER3 #0001
MOV BUFFER4,#00H
MOV BUFFERSROTH
MOV BUFFERGAGOH
MOV BUFFER7.200H
MOV BUFFERE#00H
RET

CINE A#ITHMVSI
SIMP SH26

CINE A #32HMV52
MOV BUFFER L #006H
MOV BUFFER2 #02H
MOV BUFFER3,#00H
MOV BUFFER4,FO0H
MOV BUFFERS #0LH
MOY BUFFERG#OOH
MOV BUFFERT #00H
MOV BUFFERS,#00H
RET

CINE A #33HMVS3
SIMP SH2T

CINE A#RI4H MV54
MOV BUFFER,#00H
MOV BUFFER2,#0411
MOV BUFFER3 #0011
MOV BUFFER4,#00H
MOV BUFFERS #01H
MOV BUFFERG,#00H
MOV BUFFERT#001
MOV BUFFERS #00H
RET

CINE AR3SHMVYS5
SIMP SH28

CINE A#36HMVS6
MOV BUFFERT#00MH
MOV BUFFER2 #0BIT
MOV BUFFERJIAO0H
MOV BUFFER4,%#00H
MOV BUFFERS #03 L
MOY BUFFERS #0GH
MOV BUFFER7,#00H
MOV BUFFERS#00H
RET
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MW36:

MV57:

SH2Y9:

MV 5R:

MV6G:

MVel:

SH3T

MV62:

MVY63:

SH32:

CINE AH3THMVST
SIMP SH29

CINE A#IBEHLMVSS
MOV BUFFER T #00H
MOV BUFFER2 #10H
MOV BUFFER3 #00H
MOV BUFFER4,#00L|
MOV BUFFERSEQIEI
MOV BUFFERG,#O0E
MOV BUFFER7,£00L
MOV BUFFERE,200H
RET

CINE A#I9H.MVS5Y
SIMP SH3O

CINE AHIATLMVGD
MOV BUFFERLFOOH
MOV BUFFERZ #20H
MOV BUFFER3.#00H
MOV BUFFER4 #00H
MOV BUFFERS #011H
MOV BUFFERG.#00H
MOV BUFFER? #00H
MOV BUFFERS #0011
RET

CINE A#IBIMV6!
SIMP SH31

CINE ARICIL MY 02
MOV BUFFER L #D01
MOV BUFFER2 #4011
MOY BUFFER3. #0011
MOV BUFFERA,ACOIL
MOV BUFFERS ER I
MOV BUFFERSFCOIT
MOV BUFFERT #0011
MOV BUFFERS RO0IL
RET

CINE A#IDIH MV63
SIMP SH32

CINE ALHIEHMVE4
MOV BUFFER #0011
MOV BUFFER2 #80H
MOV BUFFER3.#00H
MOV BUFFER4, #0011
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MV 6d:

MY65:

SH33;

MV66:

MVGT:

SH34:

MVl

MV69:

SH35:

MV70:

MOV BUFFERS #01H
MOV BUFFER6,200H
MOV BUFFER7#00H
MOV BUFFERS.FOCH
RET

CINE A#3FHMVo3
SIMP SH33

CINE A #40H MY 66
MOV BUFFERI| #01H
MOV BUFFERZH#O0H
MOV BUFFER3 #00H
MOV BUFFER4,#00H
MOV BUIFFERS#0!H
MOV BUFFERS #00H
MOV BUFFERT #0011
MOV BUFFERS #0H
RET

CINE A#4IHMVE7
SIMP SH34

CINE A #421{ MV68
MOV BUFFERL#02H
MOV BUTYFER2 #00H
MOV BUFFER3 #0011
MOV BUFFER4.#00H
MOV BUFFER3#01H
MOV BUTFERG #00H
MOV BUFFLER7 #00H
MOV BUFFERS.#00H
RET

CINE A #43H.MVY
SIMP SH35

CINE A #44H MV 70
MOV BUFFERI #04H
MOV BUFFER2 #00H
MOV BUFFER3,#00i]
MOV BUFFER4,#00H
MOV BUFFERS #01H
MOV BUFFERGH00H
MOV BUFFER7 #00H
MOV BUFFERS #00H
RET

CINE A#4SHMVT]

SIMP SEH36
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MV7I:

SH36:

My72:

MV T3

SH3T:

MV74:

MV7s:

SI38:

MV76:

MVT7T:

SH39:

CINE A #46HMVT2
MOV BUFFERL,#08H
MOY BUFFER2 #00H
MOV BUFFER3 #00H
MOY BUFFER4,400H
MOV BUFFERS #01H
MOV BUFFERG#001¢
MOV BUEFERT#00H#
MOV BUFFERS #00H
RET

CINE AR4THMVTS
SIMP SHIT

CINE A#48H,MVT4
MOV BUFFERL,#10H
MOV BUFFER2,#0011
MOV BUFFER3.#00H
MOV BUFFER4, #0011
MOY BUFFERS #0111
MOV BUIFERG #0601
MOV BUFFER7.#00H
MOV BUFFEREH001
RET

CINE A B9 LMYTS
SIMP SH3E

CINE A #4AHMVT6
MOV BUFFER1,#20%
MOV BUFFERZH00H
MOV BUFFER3#00H
MOV BUFFER4 H#GOIT
MOV BUFFERS #01H
MOV BUIFFER6,#00H
MOV BUFFERT,#001
MOV BUFFERS #0011
RET

CINE A #4BH MVT7
SIMP SH3S

CINE AFACH MVTE
MOV BUFFERT,#40H
MOV BUFIFER2 #0011
MOV BUFFER3 #0GIH
MOV BUFFER4#00H
MOV BUFFERS #OLH
MOV BUFFER6#00H
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MV78:

MV79:
SH4Q:

OVER_RANGE:

ST RUN NYOLT- SO iy

RUN_MVM:

B L e e T e

RUN_REDM;
MV _1:

MV_2:
SHA:

MOV BUFFER7.#00H
MOV BUFFERS #00H
RET

CINE A #DHMVTY
SIMP SH40

CINE A#4EH,OVER_RANGE

MOV BUFFER| #80H
MOV BUFFER2,#00H
MOV BUFFERJ,#00H
MOV BUFFER4,#00H
MOV BUFFER5, 401 H
MOV BUFFERG#00H
MOV BUFFER7? #O0H
MOV BUFFERS,#00H
RET

MOV BUFFER1,#00H
MOV BUFFER2,500H
MGV BUFFER3,#00H
MOV BUFFER4,#00H
MOV BUFFERS #0IH
MOV BUFFER6#00H
MOY BUFFERT #00H
MOV BUFFERS #00H
RET

LCALL RUN_REDM
LCALL DISPLAY_RED
RET

MOV A,ANS_L
CINE A #OFFHLMV_2
SIMP SHA

CINE A #OFEHLMV 3
MOV BUFFER | #00H
MOV BUFFER2,#00H
MOV BUFFER3 #00H
MOV BUFFER4 #00H
MOV BUFFERS#011L
MOV BUFFER6#30H
MOV BUFFER7 #00H
MOV BUFFERS, #00H
RET
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MV_3:

MV _4:
SHB:

MV_5:

MV_6:

SHC:

MV T

MV §:
SHIX:

MV_9:

MV_10:

Sik;

CINE A#0FDH.MV_4
SIMP SHB

CINE A#OFCHMV_5
MOV BUFFERL#00H
MOV BUFFER3.#00H
MOV BUFFER4.#00H
MOV BUFFERS #01H
MOV BUFFER6 #40H
MOV BUFFERT #00H
MOV BUFFERS #00H
RET

CINE A #0FBH.MV_6
SIMP SHC

CINE AHOFALLMY_7
MOV BUFFER] #001
MOV BUFFER2,#00H
MOV BUFFER3 #0011
MOV BUFFER4 #00H
MOV BUFFERS #0111
MOV BUFFER6.#20H
MOV BUFFERT.#00H
MOV BUFFERS #00LI
RET

CINE A HOFOH MV _8
SIMP SHD

CINE A #OFEHMV_9
MOV BUFFER{ #00H
MOV BUFFER2 %001
MOV BUFFER3#001]
MOV BUFFER4,#00H
MOV BUFFERS #OLH
MOV BUFFER6#101
MOV BUFFERT.#0OII
MOV BUFFERS,#00H
RET

CINE AFCOFTH,MY_ID
SIMP SHE

CINE A HOF6HMV 1
MOV BUFFER #0011
MOV BUFFER2.#001|
MOV RUFFER3 40011
MOV BUFFER4 #00H

MOV BUFFERS #0111
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MV 11:

MV_12:

SHF:

MV_12:

MV_14:

SHG:

MV_L5:

MV_16:

SHH:

MV_17:

MV_18:

MOV BUFFERS #08H
MOV BUFFER7#00H
MOV BUFFERS #0H
RET

CINE ABOFSHMV_12
SIMP SHE

CINE AFOF4H MV _13
MOV BUFFERT.#00H
MOV BUFFER2 FCOH
MOV BUFFER3,400H
MOV BUFFER4.#00H
MOV BUFFERSADTH
MOV BUFFERS #0411
MOV BUFFERT#G0H
MOV BUFFERS #0011
RET

CINE AHOF3IHMV_14
SIMP SHG

CINE A #OFZH.MV_15
MOV BUFFERT,#00H
MOV BUFFER2 #00H
MOV BUFFER3 #00H
MOV BUFTFER4.#00H
MOV BUFFERS#01H
MOV BUFFERo0.#021
MOV BUFFER7#00H
MOV BUFFERS #00H
RET

CINE A #CFIH MY L6
SIMP SHH

CINE ABOFOILMY 17
MOV BUFFERLZOOH
MOV BUYFLRZHO0H
MOV BUFFER],#OGH
MOV BUFFER4,#00H
MOV BUFFERS #D1H
MOV BUFFERG.HOIIT
MOV BUFFERT #0011
MOV BUFFERS #COI L
RET

CINE AROEFHMY_18
SIMP SHI

CINE AHOEEHMV_19
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SHI:

MV_19:

MV 20:

SHI:

MV 21

MV _22:

SHEK:

MV_24:

SHLI:

MOV BUFFERI #00H
MOV BUFFER2,#00H
MOV BUFFER3,#00H
MOV BUFFER4,#00H
MOV BUFFERS,#OLH
MOV BUFFER&,#00H
MOV BUFFER7, #3804
MOV BUFFERS #00H
RET

CINE AHOEDH MY _20
SIMP SHI

CINE AHOECH MYV _21
MOV BUFFERI #00H
MOY BUFFERZ.#00H
MOV BUFFER3#0GH
MOV BUFFER4,#00H
MOV BUFFERS#01H
MOV BUFFERG#00H
MOV BUFFER7 #4011
MOV BUFFERS #0011
RET

CINE A HOEBH MV _22
SIMP SHK

CINE ABOEAH MV_23
MOV BUFFERE#00H
MOV BUFFER2.#00H
MOV BUFFER3.#00H
MOV BUFFER4,#00H
MOV BUFFER3#01HI
MOV BUFFERG,#00H
MOV BUFFERT#20H
MOV BUFFERS #0C0H
RET

CINE A#HOE9H MV _24
SIMP SHLI

CINE A HOEBH MY _25
MOV BUFFERI] #00H
MOV BUFFER2 #0011
MOV BUFFER3 #00H
MOV BUFFER4,#00H
MOV BUFFERS#01H
MOV BUFFERS#00H
MOV BUFFERT #10H
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MOV BUFFERS #00H

RET
MV 25 CINE A#OETH,MV_26
SIMP SHM
MV_26: CINE AHOESH MV _27
SHM: MOV BUFFER [ #00H

MOV BUFFER2,#10FI
MOV BUFFER3#00H
MOV BUFFER4,#00H
MOV BUFFERS#0IH
MOV BUFFER& #00H
MOV BUFFER7#G8H
MOV BUFFERS, #00H

RET
MV_27: CINE AHO0ESHMV_28
SIMP SHN
MV_28: CINE AHOEAH MY 29
SHN: MOV BUFFERI #00H

MOV BUFFER2,HOOH
MOV BUFFER3#00H
MOV BUFFER4.#00H
MOV BUFFER3#0{H
MOV BUFFER6,#GOH
MOV BUFFER7 #04H
MOV BUFFERS #00H

RET
MV _29: CINE AHOE3HMV_30
SIMP SHO
MY_30: CINE AJ#OE2ZH MV _31
SHO: MOV BUFFER1 #00H

MOV BUTTFLER2 #00H
MOV BUFFER3,400H
MOV BUTTFER4S #00H
MOV BUFFERS,#01H
MOV BUFFER6 #0OH
MOV BUFFER7 #02H

MOV BUFFERS, #00H
RET

MV_31: CINE AH#OEIHMV_32
SIMP SHP

MV_32: CINE AHOEOHMV 33

SHP: MOV BUFFERIL#00H

MOV BUFFER2,#00H



MV_33:

MV_34:

SHQ:

MV _35:

MV_36:

SHRI:

MV _37:

MV _38:

SIIS:

MOV BUFFER3 #00H
MOV BUFFER4.#0GH
MOV BUFFERS #01H
MOV BUFFER6.5C0H
MOV BUFFERT#O{H
MOV BUFFERR#00H
RET

CINE AFODFHLMY_34
SIMP SHQ

CINE A#ODEH MY _35
MOV BUIFERLA0H
MOV BUFFER2,#00H
MOV BUFFER3,400H
MOV BUFFER4,#00H
MOV BUFFERS#OIH
MOV BUFFER6,#00H
MOV BUFFERT#00TT
MOV BUFFERS #8011
RET

CINE A #ODDHMV_36
SIMP SHRI

CINE ARODCHMVY_37
MOY BUFFER1 #0011
MOV BUFFTR2 #0011
MOV BUFFER3 00N
MOV BUFFERAFOCH
MOV BUFFERS HOTI
MOV BUFFERS.#00H
MOV BUFFERZHO0E
MOV BUFFERS #40H
RET

CINE A #ODBH MV _38
SIMP SHS

CINE A#ODAILMY_36
MOV BUFT'ER 1400
MOV BUFFER2#G0IT
MOV BUFFER3,#00H
MOV BUFFERA,#C01
MOV BUITERS#CLH
MOV BUFFERG,FO0H
MOV BUFFER7,#0CH
MOV BUFFERE, X200
RET
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MV_35:

MV_40:

SHT:

MV_4l1:

MV_42:

SHU:

MV_43:

MV_44:

SHW:

MV_45:

MV_46:

SHX:

CINE A #ID9H MV _40
SIMP SHT

CINE A HODBHMV_41
MOV BUFFERI #00H
MOV BUFFER2,#00H
MOV BUFFER3 #001
MOV BUFFER4 #00H
MOV BUFFERS,#0(H
MOV BUFFERG#00H
MOV BUFFER7.#00H
MOV BUFFERS,#10H
RET

CINE AHODTIL MV 42
SIMP SHU

CINE AHOD6H MY 43
MOV BUFFER #00H
MOV BUFFER2 #00H
MOV BUFFER3 #00H
MOV BUFFER4 #00H
MOV BUFFERS #01H
MOV BUFFER6,400H
MOV BUFFER7.#0011
MOV BUFFERS, #0811
RET

CINE A HODSH MYV _44
SIMP SHW

CINE A#DDAH MY _45
MOV BUFFER | #00H
MOV BUFFER2 #00H
MOV BUFFER3,#001
MOV BUFFER4 #0011
MOV BUFFERS#01H
MOV BUFFERG #00H
MOV BUFFER7#000]
MOV BUFFERS #04H
RET

CINE AHOD3HMV_46
SIMP S11X

CINE AHOD2IT MV _47
MOV BUFFERI#00H
MOV BUFFER2,H00H
MOV BUFFER3#00H
MOV BUFFERS 400H
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MV_47:

MV_48:
SHY:

ELSE:

MOV BUFFERS #01H
MOV BUFFERG #00H
MOV BUFFERT #00H
MOV BUFFERS,#021
RET

CINE AFODIH.MV_48
SIMP SHY

CINE A#0DOH,ELSE
MOV BUFFERE#00H
MOV BUFFER2 #00H
MOV BUFFER3 #00H
MOV BUFFER4 #00H
MOV BUFTFERS #0tH
MOV BUFFER6,#00H
MOV BUFFERT#00H
MOV BUFFERE #01H
RET

MOV BUFFER 1 #00H
MOV BUFFER2,#00H
MOV BUFFER3 #0QH
MOV BUFFER3,#00H
MOV BUFFERS#01H
MOV BUFFER6,400H
MOV BUFFER7,#00H
MOV BUFFERS#0ITH
RET

ST LT VLR T T i

OTHER:

UG T RUN GREEN-BAR BRI

RUN_GREEN:

MOV BUFFERT#0GH
MOV BUFFERZ,A00H
MOV BUFFER3,#00H
MOV BUFTER4,#00H
MOV BUFFERS5.#01H
MOV BUFFERS #00H
MOV BUFFER7 #00H
MOV BUFFERE HOCH
LCALL DMSPLAY_RED

RET

CLRC

MOV A LOWBYTE2
SUBR ALOWBYTEL
MOV ANS LA

MOV A HIGHBYTE2

I
i

it
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CHK_MINUS:

GO_OUT:

SRR RUN N OLTH W 0 R L

DISP_PLUS:

R e T e T

GREEN_PLUS:
MVOG:

MV1G:
SHI1G:

MV2G:

MV3(e
SH2G:

MVACGH

MV3G:
SHAG:

SUBB A HIGHBYTE]
MOV ANS_H,A

CINE A H#OOH.CHK_MMNUS

LiMP DISP_PLUS

CINE AHOFFH.GO_OUT

LIMP DISP_MINUS

LIMP OUT_OF_RANGE

LCALL GREEN_PLUS

LCALL DISPLAY_GREEN
LCALL DISPLAY_RED

RET

MOV A ANS_L

CINE A #O0HMVIG
SIMP SHIG

CINE A #O1H MVIG
MOV BUFFER9#00H
MOV BUFFER 10 #00H
MOV BUFFER | | #00H
MOV BUFFER12,#0GH
MOV BUFFER13#01H
MOV BUFFER 14 #00H
MOV BUFFER15,400H
MOV BUFFER16.#G0H
RET

CINE A #0ZH.MV3G
SIMP SH2G

CINE AHOIH MV4G
MOV BUFFER9#001
MOV BUFFER 10400H
MOV BUFFER | 1 #00H
MOV BUFFER |2 #00H
MOV BUFFER!3,#02H
MOV BUFFER 4, #00H
MOV BUFFER | 5,#00H
MOV BUFFER16,#00H
RET

CINE A #041LMVSG
SIMP SHIG

CINE A H0SH MVEG
MOV BUFFERS #00H
MOV BUFFER10,400H
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MV6G:

MY 7G:
SHAG:

MV3G:

MV9G:
SH5G:

MVI10G:

MVI1G:

SHeG:

MOV BUFFER LT #00H
MOV BUFFERI2 #0011
MOV BUFFERLIH04H
MOV BUFFERI4,#0GH
MOV BUFFER15,#00H
MOV BUFFER16#00H
RET

CINE A #O06HMVIG
SIMP SH4G

CINE A#OTHMVEG
MOV BUFFERS.#00E]
MOV BUFFER10,#00f1
MOV BUFFERLL#00H
MOV BUFFER12,#00H
MOV BUFFER13,#08H
MOV BUFFER14,400H
MOV BUFFER 15,5001
MOV BUFFER16,400H
RET

CINE AXOSH,MVOG
SIMP SH5G

CINE A#O9HMVIDG
MOV BUFFERIHGOH
MOV BUFFER10.#00H
MOV BUFFERTL,#00H
MOV BUFFER12,#00H
MOV BUFFERI3,#10H
MOV BUFFERT4,#00E]
MOV BUFFLERIS#HOM L
MOV BUFFER16,#0011
RIT

CINE AFOAH MV G
SIMP SH6G

CINE A ROBH.MVI2G
MOV BUFFERS,#0011
MOV BUFFERT0,#00H
MOV BUFFERT ! #00H
MOV BUFFERI2#00H
MOV BUFFERT3 #2011
MOV BUFFERIT4,#00E
MOV BUFFERL5#001L
MOV BUFFER16,#00H
RET
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MVI12G:

MVI13G:

SH7G:

MV14G:

MV13G:

SHEG:

MV16G:

MV 17G:

SHYG:

MVI18G:

MVI9G:

SINOG:

CINE ABOCHMVI13G
SIMP SH7G

CINE A #OBHMVI14G
MOV BUFFER9.#00H

MOV BUFFER{0.#00H

MOV BUFFER! 1 .#00H
MOV BUFFER12 #00H
MOV BUFFER]3,#40H
MOV BUFFER14#00H
MOV BUFFER135#00H
MOV BUFFER 16 #00H
RET

CINE A HODHMVI5G
SIMP SHEG

CINE ABOEH MV 16U
MOV BUFFER9.#00H
MOV BUFFER0,#00H
MOV BUFFERL1,#00H
MOV BUFFER12,#00H
MOV BUFFER13,#80H
MOV BUFFER14,#00H
MOV BUFFER15#00H
MOV BUFFER]6,5#00H
RET

CINE A#OFHMVL7G
SIMP SHIG

CINE A#IOHMVIBG
MOY BUFFERS #00H
MOV BUFFER10,#00H
MOV BUFFER1 | #00H
MOV BUFFER12H401H
MOV BUFFER13,#00H
MOV BUFFER ] 4,#0011
MOV BUFFER |3, #0011
MOV BUFFER 1 6,#00H
RET

CINE AHEIELMVIOG
SIMP SH10G

CINE A#1211,MV20G
MOV BUFFERS#00H
MOV BUFFERLOHOGH
MOV BUFFERLT#00H
MOV BUFFERI2#02H
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MV20G:

MV2IG:

SH1IG:

MV22G:

MVZ40:

MV25G:

SHI3G:

MV260:

MOV BUFFER |3 #00H
MOV BUFFER14,£00H
MOV BUFFERLS,#00H
MOV BUFFERI6,#00H
RET

CINE AFIBHMVZIG
SIMP SHILG

CINE ARL4HMV22G
MOV BUFFERS #00H
MOV BUFFERI0.£00H
MOV BUFFERI| L #00H
MOV BUFFERI2#04H
MOV BUFFER L3 #0011
MOV BUFFERI4#00H
MOV BUFFERL5,#00H
MOV BUFFERI&#00H
RET

CINE ABISHMV23IG
SIMP SHI12G

CINE A#L6HMV24G
MOV BUFFERS #00H
MOV BUFFER 1040011
MOV BUFFER L #0011
MOV BUFFER2,#08H
MOV BUFFERI3,40011
MOV BUFFERI4.#00I |
MOV BUFFERLS.#00L
MOV BUFFERLS#0GH
RET

CINE AFITILMY250
SIMP SI13G

CINE A #IBHMV26G
MOV BUFFERS,#00H
MOV BUFFER 10A00H
MOV BUFFERL | #O0H
MOV BUFFER2.#10H
MOV BUFFERI]3 #0011
MOV BUFFER14,#00H
MOV BUFFER 13,4001
MOV BUFFER16,#C0H
RET

CINE ABI9HMV2ITG
SIMP SH14G
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MV27G:

SHI14G:

MV28G:

MV29G:
SHI15G:

MV30G:

MV31G:
SH16G:

MV32G:

MV33G:
SHI7G:

CINE AHLAH MV2RG
MOV BUTFFERY,#00H
MOV BUFFER10.#00H
MOV BUFFERI1 L HOOH
MOV BUFFER12,#20H
MOV BUFFER13,#00H
MOV BUFFER14,#00H
MOV BUFFER135,400H
MOV BUFFER16.#00H
RET

CINE ARIBHMV29G
SIMP SHI3G

CINE A#ICHMV30G
MOV BUFFERS#00H
MOV BUFFER10,#001
MOV BUFFER11 #00H
MOV BUFFER12 #40H
MOV BUFFER] 3,#00H
MOV BUFFER 1 4,#00H
MOV BUFFER135,#00H
MOV BUFFER 16 #00H
RET

CINE A#LDILMV3IG
SIMP SH16G

CINE A #1EH,MV32G
MOV BUFFER9#O0H
MOV BUFFER10,400F
MOV BUFFER] L #O0E
MOV BUFFER {2, #80H
MOV BUFFER13,#00H
MOV BUFFER14,#00H
MOV BUFFER1S5,#00H
MOV BUFFER]6.400t
RET

CINE AH#HIFHMV33G
SIMP SH17G

CINE AH201LMV340
MOV BUFFERS#00H
MOV BUFFER10#00H
MOV BUFFERL #01H
MOV BUFFER12,#00H
MOV BUFFER 13 #00H
MOV BUFFER4,#00H
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MVIG:

MV3AG:

SHISG:

MV3I6G:

MV1IIG:

SHISG:

MV3SG:

MV39G:

SI20G:

MV40G:

MV

SIH21G:

MOV BUFFER ! 3.#00H
MOV BUFFER t6,#00H
RET

CINE AH2IHMV356
SIMP SHI3G

CINE A#2ZHMV3I6G
MOV BUFFERS,#00H
MOV BUFFER 10.#00H
MOV BUFFERI L #02H
MOV BUFFER] 2 #00H
MOV BUFFER 13 #00H
MOV BUFFER 14, #00H
MOV BUFFERT5,#00H
MOV BUFFER 16, #00H
RET

CINE AFIHMV3TE
SIMP SHI19G

CINE A #24HMV3BG
MOY BUFFERS #00
MOV BUFFER10,#001
MOV BUFFER 18041
MOV BUFFER124#0011
MOV BUFFER I3 #0601
MOV BUFFER 14, #0011
MOV BUFFERT5A#00H
MOV BUFFER TS H#00H
RET

CINE AF251ILMY 390
SIMP SH20G

CINE A #26HMVI0G
MOV BUFIFERY,H001T
MOV BUFFER 10,#00H
MOV BUFFERTL #0811
MOV BUFFERT2,#0011
MOV BUFFER13 4001
MOV BUFFER 1 4,#00H
MOV BUFFERLS FOGH
MOV BUFFER 640011
RET

CINE AB2TILMVALG
SIMP SH21G

CINE AF28H MVA2G
MOV BUFFERS #00H
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MV42G:

MV43G:

SH22G:

MV44G:

MV45G:

SH23G:

MV46G:

MV47G:

SH24G:

MOV BUFFERJ0#00H
MOV BUFFER} |L.#I10H
MOV BUFFERL2.#00H
MOV BUFFER 1 3,#00H
MOV BUFFER14,#00H
MOV BUFFER15,#00H
MOV BUFFER16.#00H
RET

CINE AH29H MV43G
SIMP SH22G

CINE AFAHMVA40
MOV BUFFERS #G0H
MOV BUFFERI0,40011
MOV BUFFERI1 #20H
MOV BUFFER 12,4001
MOV BUFFERIIA00T]
MOV BUFFERT4,#00H
MOV BUFFERES#00H
MOV BUFFER16,#0011
RET

CINE A #2BH MV45G
SIMP SH23G

CINE A #2CH MV346G
MOV BUFFERY #00H
MOV BUFFER [ 0#00H
MOV BUFFER11,#400
MOV BUFFER{2 #0011
MOV BUFFERL3,#00H
MOV BUFFER14,#00H
MOV BUFFERI5,#0011
MOV BUFFER16,#00H
RET

CINE AH2DHMVATG
SIMP SH24G

CINE AMR2EHMVARG
MOV BUFFERS, #0051
MOV BUFFER10.#00H
MOV BUFFERD I #801
MOV BUFFER 12,8001
MOV BUFFER| 3 #00H
MOV BUFFERT4#00H
MOV BUFFER135,#00H
MOV BUFFER 16,#00H
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MVA8G:

MV19G:
SH25G:

MVA0G:

MVSIG:

SH26G:

MV32G:

MV33G:

SH27G:

MV 34G:

MY 55G:
SH28G:

RET

CINE ARZFHMVA5G
SIMP 81I25G

CINE AA3I0OH,MV50G
MOV BUFFERS,#00H
MOV BUFFERIC#G H
MOV BUFFER 1 #00H
MOV BUFFER 12 #00H
MOV BUFFER13#00N
MOV BUFFERI4#001H
MOV BUFFERI 5 #00H
MOV BUFFER | 6,#00H
RET

CINE A#ITHMVSI0
SIMP SH260G

CINE AM32ZHMY52G
MOV BUFFER9,#001
MOV BUFFERI0,#02H
MOV BUFFERL | #00H
MOV BUFFER| 2 #00H
MOV BUFFERI3,#00H
MOV BUFFER | 4,#00H
MOV BUFFER15#00H
MOV BUFFERT6,#001E
RLT

CINE A#IMMVS3G
SIMP SH27G

CINE A#341LMVS4G
MOV BUFFER9 #0011
MOV BUFFERTO#O41T
MOV BUFFERLLFOOEL
MOV BUFFERI 2 #00H
MOV BUFFER I3 #00E
MOV BUFFER 1470011
MOV BUFFER 15.800H
MOV BUFFER16,#00H
RET

CINE AH#3ISHMVASG
SIMDP SH28G

CINE ARIOH MV566
MOV BUFFERS #00H
MOV BUFFER10,#08H
MOV BUFFER 11 #00H
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MV356G:

MV57G:

SH29G:

MV3EG:

MVY359G:

SH30G:

MV60G:

MV6(G:

SH31G:

MV62G:

MOV BUFFER 2 #00H
MOV BUFFERIL3,#00H
MOV BUFFER14,#00H
MOV BUFFER 1 5,#00H
MOV BUFFER16.#00H
RET

CINE A#ITHMV57G
SIMP SH29G

CINE A#3BILMVYSRG
MOV BUFFERS9,#00H
MOV BUFFERIO#10H
MQV BUFFERI! 1 #00H
MOV BUFFER12 #00H
MOV BUFFER13 #00H
MOY BUFFER!4,#00H
MOV BUFFER15,#00H
MOV BUFFER16,#00H
RET

CINE AHIOHMV59G
SIMP SH30G

CINE AHIAHMVG00
MOV BUFFERS,#00H
MOV BUFFER10,#20H
MOV BUFFER11,#00H
MOV BUFFER12,#00H
MOV BUFFER13,#00H
MOV BUFFER14 #00H
MOV BUFFER15,#00H
MOV BUFFER16,#00H
RET

CINE A#3IBHMVEIG
SIMP SH31G

CJNE AH#ICHMVE2G
MOV BUFFER9.#00H
MOV BUFFER10,#40H
MOV BUFFER11,#00H
MOV BUFFER12 #00H
MOV BUFFER13,#00H
MOV BUIFFFER14,#00H
MOV BUFFER15.00H
MOV BUFFER16,#00H
RET

CINE A #IDHMV63G
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MV63G:

SH32G:

MV84G:

MV65G:

SH33G:

MV6a{:

MV67G:

513406

MV63G:

MV69G:

SHASG:

SIMP SH32G

CINE A RIEHMV64G
MOV BUFFER9 #C0H
MOV BUFFER10.#80H
MOV BUFFER | #0CH
MOV BUFFER12,#00H
MOV BUFFER|3,#00E
MOV BUFFER14,£00H
MOY BUFFERIS,#00H
MOV BUFFER16,#00H
RET

CINE AEIFHMVESG
SIMP SH33G

CINE A #4001 MV66G
MOV BUFFERS#GTH
MOV BUFFER 10.700H
MOV BUFFER L #00H
MOV BUFFERI2#00H
MOV BUFFERI3.H00
MOV BUFFER T4.#0011
MOV BUFIFER15.#001
MOV BUFFER 1642001
RET

CINE A#ITHMVETG
SIMP SH34G

CINE A#4211IMV6BG
MOV BUFFERS RO2H
MW BUFFERLOR001
MOV BUFFERE 1001
MOV BUFTER 2. B0
MOV BUFFERIIROGI
MOV BUFFER 14,2001
MOV BUFFERES #0011
MOV BUFFER16,#00H
RET

CINE A#43HLMVA9G
SIMP SH35G

CINE AH#34HLMVT0G
MOV BUFFER9 #0411
MOV BUFFER10.500LH
MOV BUFFERTL#O0H
MOV BUFFER 12#00H
MOV BUFFER13.#00H
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MOV BUFFFR 14 #00H
MOV BUFFER13,700H
MOV BUFFERL6,£#00H
RET

MVT0G: CINE A #45SHMVTIG
SIMP SH360

MV71G: CINE A FIGHMVTIG

SH36G: MOV BUFFER9 #08H
MOV BUFFER10,#00H
MOV BUFFER | | #00H
MOV BUFFERI12 #0011
MQY BUFFER13 #00H
MOV BUFFER14.#00H
MOV BUFFER | 5,#00H

MOV BUFFER16.#00H
RET

MV72G: CINE A#4THMVT3G
SIMP SH37G

MV73G: CINE A#48HMVTAG

SH37G: MOV BUFFER9,#10H

MQV BUFFER10.#0011
MOV BUFFER [ 1 #00H
MOV BUFFERIL2 #00LL
MOV BUFFER | 3.#00H
MOV BUFFER14.#00H
MOV BUFFERI S #00H
MOV BUFFER 1 6,#00H

RET
MV74G: CINE A #4315, MVTSG
SIMP SHI8G
MV75G: CINE A #4AHMVTOU
SH38G: MOV BUFFERY #2011

MOV BUFFERIT0ZOCH
MOV BUFFERT | #00H
MOV BUFFERI2,#00H
MOV BUFFER 3 #0011
MOV BUFFER14 #0001
MOV BUFFER15 #0011
MOV BUFFER16,400H
RET

MV76G: CINE A #4BHMVTTG
SIMP SH39G



MV77G:
SH39G:

MVTRG:

MV79G:
SH40(:

OVER_RANGEG:

ST RN N OLT= I T 1

DISP_MINUS:

e e e ]

GREEN_MINUS:
MV_IG:

MV _2G:
SHAG:

CINE ARICHMVIRG
MOV BUFFERY #40H
MOV BUFFER10,800H
MOV BUFFER! | #00H
MOV BUFFER12 #00H
MOV BUFFER13,#00H
MOV BUFFER14,#00H
MOV BUFFER| 3, #00H
MOV BUFFERI6,200H
RET

CINE A #4DHMVTIG
SIMP SH40G

CINE A#AEH,OVER_RANGEG

MOV BUFFER9.#30H
MOV BUFFER10,#00H
MOV BUFFER] | #00H
MOV BUTFER|2 #00H
MOV BUFFER13,#00H
MOV BUFFER 14 #00H
MOV BUFFER 15 #00H
MOV BUFFER16,#00H
RET

MOV BUFFERS,#00H
MOV BUFFER10,#0011
MOV BUFFER 11,5001
MOY BUFFER12,#00H
MOV BUFFER13 #0011
MOV BUFFER 1440011
MOV BUFFERI 540011
MOV BUFFER16,#00H

RET

LCALL GRELEN_MINLUS
LCALYL DISPLAY _GREEN
LCALL DISPLAY RED

RET

MOV AANS_L

CINE AFOFFILMV_20
SIMP SHAG

CINE A#OTEH MV _3G
MOV BUFFER9S #0C0H
MOV BUFFER1Q,#00H
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MV 3G

MV _4G:

SHBG:

MV 5G:

MV 6G:

SNCG:

MV_7G:

MV _SG:

SHDG:

MOV BUFFER 11 #00H
MOV BUFFER 12 #00H
MOV BUFFER!3,#00H
MOV BUFFER 14,2800
MOV BUFFER13 #00H
MOV BUFFER16,#00H
RET

CINE A OFDHMV_4G
SIMP SHBG

CINE A#OFCHMV_5G
MOV BUFFER9 #00H
MOV BUFFER | 0,#00H
MOV BUFFERI 1 #00H
MOV BUFFER12#00H
MOV BUFFER13_#00H
MOV BUFFER 14440
MOV BUFFERI 5, #00H
MOV BUFFER16,#00H
RET

CINE A HOFBHMV_6G
SIMP SHCG

CINE A#OFAHMV_TG
MOV BUFFER9 #00H
MOV BUFFER | 04001
MOV BUFFER11_$00H
MOV BUFFER12,400H
MOV BUFFER 13 #00H
MOV BUFFER 148200
MOV BUFFER 15,800k
MOV BUFFER 15 400t
RET

CINE A #OFSHMV RG
SIMP SHIXG

CINE A ¥OFSH MV _9G
MOV BUFFERS,#00t1
MOV RUFFER 10 #00H
MOV BUFFER11,2001)
MOV BUFFER12.#00H
MOV BUFFERL3,#001
MOV BUFFERT4#10H
MOY BUFFER | 5 #00H
MOV BUFFER 16 #00H
RET
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MY G

MV _10G:

SHEG:

MV 11G:

MV 26

SHFG:

MV_13G:

MV _14G:

SHGG:

MV_15G:

MV_16G:

SHHG:

CINE AFOFTH MY 100G
SIMP SHEG

CINE AROF6HMV_LIG
MOV BUFFERS.#00H
MOV BUFFERI0,#00H
MOV BUFFERI [ .#60H
MOV BUFFER 2 #0H
MOV BUFFER3,#00H
MOV BUFFER14,#08H
MOV BUFFERTS.#O0OH
MOV BUFFER16.#0GIL
RET

CINE ABOFSHMV_12G
SIMP SHFG

CINE AAHOFSHMV_13G
MOV BUFFERS,#00H
MOV BUFFERT0#00H
MOV BUFFERT{ #00H
MOV BUFFER12 #0011
MOV BUFFERT3#ODIL
MOV BUFFERT4#0411
MOV BUFFERIS 00N
MOV BUFFTR 1 6,#06H
RET

CINE ABOFIHMV_14G
SIMP SHGU

CINE AHOF2ZHMV_15G
MOV BUFFERS, /0011
MOV BUFFERIG#00H
MOV BUFFERT #00H
MOV BUFFERTZ 300
MOV BUFFERT3,#001
MOV BUFFERT4,#0211
MOV BUFFERIS,A0011
MOV BUFFERTS.#001)
RET

CINE A#OFIH MV _16G
SIMP SITHG

CINE AHOTOH MY _L7G
MOV BUFFER9S.#00T1
MOV BUFFLERIOFOON
MOV BUFFERL L HOGI
MOV BUFFER2,#00EL
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MV_17G:

MV_13G:

SHIG:

MV_19G:

MV_20G:

SHIG:

MV 21G:

MV _22G:

SHKG:

MV_23C

MOV BUFFER13300H
MOV BUFFER14,#01H
MOV BUFFER 3 #00H
MOV BUFFER16.#00H
RET

CINE A#OEFHMV_138G
SIMP SHIG

CINE A#OEERMV_19G
MOV BUFFERS,500H
MOV BUFFER10,#00H
MOV BUFFER1 L#MIL
MOV BUFFER12#C0H
MOV BUFFERL3 Z00H
MOV BUFFERT4.#001
MOV BUFFERI 5 #80H
MOV BUFFER |6 #00H
RET

CINE AHOEDH.MV_20G
SIMP SEIG

CINE AHOECH MV _21G
MOV BUTFFERS#HO0H
MOV BUFFER10,#00H
MOV BUFFER11,#00H
MOV BUFFER12,#00H
MOV BUFFER13#00H
MOV BUFFER 14,200
MOV BUFFER 3, #40H
MOV BUFFER16,#00H
RET

CINE AHOEBHMV_22G
SIMP SHKG

CINE AHOEAF MY _23G
MOV BUIFFER9 #0011
MOV BUFFER10,#00H
MOV BUFFERTL #00H
MOV BUFFER]2,#00H
MOV BUFFER3#00H
MOV BUFFERT4,#00H
MOV BUFFER 15 #2011
MOV BUFFER$6,#00H
RET

CINE AH#OEIH MV _24G
SIMP SHLG
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MY_24G: CINE A#OESH MV_25G

SHLG: MOV BUFFER9 #00H
MOV BUFFER 1040011
MOV BUFFER 11 400H
MOV BUFFER 12 #00H
MOV BUFFER 13 #00H
MOV BUFFER 14 #00H
MOV BUFFER(5,#10H
MOV BUFFER |6 #00H
RET

MV_25G: CINE AHOETH.MV 260
SIMP SHMG

MV_26G: CINE ASOEGHMV_27G

SHMG: MOV BUFFER9 #00H
MOV BUFFER 104001
MOV BUFFERL | #00H
MOV BUFFER 12 #001(
MOV BUFFER | 34001
MOV BUFFER 144001
MOV BUFFER 15 #08H
MOV BUFFER16#00H

RET
MV _27G: CINE AHOESH MV_28G
SIMP SHNG
MV _280: CINE AHOE4H MV _29G
SHNG: MOV BUFFER9 #00H

MOV BUFIFER10.#00H
MGV BUFFERI |LL#QOH
MOV BUFFER 1 2#00H
MOV BUFFER!3#00H
MOV BUFFER14 #0011
MOV BUFFERT5,#04H
MOV BUFFER]6#00H

RET
MV_29G: CINE AROE3IH MY _30G
SIMP SHOG
MV _30G: CINEAHAOE2ZHMV_31G
SHOG: MOV BUFFER9.#00H

MOV BUFFER | G #00H
MOV BUFFER ] #00H
MOV BUI"I"ER&Z,_#ODH
MOV BUFFER13#00H
MOV BUFFER 14.#00[1



MV _31G:

MV_320G:

SHPG:

MV_33G:

MV 34G:

SHQG:

MV_35G:

MV_36G:

SHRG:

MV_37G:

MV_38G:

SHSG:

MOV BUFFERS #02H
MOV BUFFERI6#00H
RET

CINE A #0E1HMV_32G
SIMP SHPG

CINE A#OEOHMV 33G
MOV BUFFER9,#00H
MOV BUFFER10.400H
MOV BUFFER 1 #00H
MOV BUFFER {24001
MOV BUFFER13 #0011
MOV BUFFER4,500H
MOV BUFFER15,#01H
MOV BUFFER16,#00H
RET

CINE AFODFH,MV_34G
SIMP SHQG

CINE A #ODEH,MV_35G
MOV BUFFERS,#00H
MOV BUFFER 10,#00H
MOY BUFFER] 1 #00H
MOV BUFFER12,#00H
MOV BUFFER 13 #00H
MOV BUFFER14,#00H
MOV BUFFER 15,400
MOV BUFFER [ 6,#80H
RET

CINE AHODDHMV_36G
SIMP SHRG

CINE A #0DCH.MY_37G
MOV BUFFER9 #00H
MOV BUFFER10,#00H
MOV BUFFER1{ #00H
MOV BUFFER12,800H
MOV BUFFER13 500k
MOV BUFFER 14 #00H
MOV BUFFER15 #0011
MOV BUFFER 16, #40H
RET

CINE A HODBH,MV_38G
SIMP SHSG

CINE A #ODAHMY_39G
MOV BUFFERY,#00H
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MV 39G:

MV_40G:

SHTG:

MV_41G:

MY _42G:

SHUG:

MV_43G:

MV_44G:

SHWG:

MOV BUFFER 10800t
MOV BUFFER ! | #00H
MOV BUFFER 12 #00H
MOV BUFFER | 3.#00H
MOV BUFFER14.#00H
MOV BUFFER15#00H
MOV BUFFER16#20H
RET

CINE A #ODIHMV_30G
SIMP SHTG

CINE AHODSHMV 416
MOV BUFFERS.#00H
MOV BUFFER |0 4001
MOV BUFFER 11 400H
MOV BUFFER 2 $00H
MOV BUFFER 13 #00H
MOV BUFFER14.#00H
MOV BUFFER 15 #00H
MOV BUFFER 1641011
RET

CINE AHODTHMY_42G
SIMP SHUG

CINE AHODGHMY_43G
MOV BUFFERS,50011
MOV BUFFER10,400H
MOV BUFFER11400H
MOV BUFFER 12 #0011
MOV BUFFER ! 3400H
MOV BUFFER 480081
MOV BUFFER 15,4000
MOV BUEFER | 6,508
RET

CINE A HODSHMV_44G
SIMP SHWG

CINE A #ODAHLMY_45G
MOV BUFFERS.#00H
MOV BUFFER | 0,008
MOV BUFFER 112004
MOV BUEFER 12 #0011
MOV BUFFER 13 #001
MQV BUFFER 14 #00H
MOV BUFFER 5 #00H
MOV BUFFER L6.#0411
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RET
MY _45G: CINE A#OD3HMV_46G
SIMP SHXG
MV _46G: CINE A #OD2H.MV_a7G
SHXG: MOV BUFFER9 #00H

MOV BUFFER10.#00H
MOV BUFFERE | #00H
MOV BUFFERI2,#00H
MOV BUFFERI3 #00H
MOV BUFFER14,500H
MOY BUFFER! 5.#00H

MOV BUFFER16,#02H
RET

MV _47G: CINE A#ODIHMV_48G
SIMP SHYG

MV_48G: CINE A#ODOH ELSEG

SHYG: MOV BUFFERS,#00H

MOV BUFFER10#00H
MOV BUFFERLE | #O0H
MOV BUFFER12,#00H
MOV BUFFERL3#00H
MOV BUFFER14,#00H
MOV BUFFER!5.#00H
MOV BUFFERL6#01H
RET

ELSEG: MOV BUFFER9 #00H
MOV BUFFERTO#00F]
MOV BUFFER | 1#00H
MOV BUFFER12,#0011
MOV BUFFER13#00H
MOV BUFFER E4,#0001
MOV BUFFER15,200H
MOV BUFFER 16,#00H
RET

B e T

QUT_OF_RANGE: MOV BUFFERS#00H
MOV BUFFER10,#00H
MOY BUFFER | 1 #0011
MOV BUFFER12,#001
MOY BUFFER13,#00H
MOV BUFFER14,#00H
MOV BUFFER135,#00H
MOV BUFFER16,#00H



LCALL DISPLAY_GREEN

LCALL DISPLAY RED
RET

SESBIEERGEHI ADCT 09 12 BITS SO0 1iiiiithiticiintt

GET_DIGIT:

RUN_ADC:

MOV DPFTRAPORT C|
MOV A#OTITLIIB
MOVX @DPTR.A
IBPI4S

MOV A#00111111B
MOVX @DPTR,A
MOV A #00101111B
MOVX @DPTR.A
MOV DPTR 4PORT_Al
MOVX A@DPTR
MOV REA

MOV DPTR#PORT_C1
MOV AB0001111113
MOVX @DPTR.A
MOV DPTR #PORT_Al
MOVX A @DPTR
ANL A H#OFH

MOV RD.A

RET

MOV DPTR #PORT _CI
MOV ABOTLI L1 L
MOVX @DPTR.A

RET

:RUN

:CHECK STATUS BIT
;HOLD

SREAD LOWBYTL

READ HIGH BYTI:

SRUN

ST A SERTAL MODE JHHIH T

INIT _RS232C INITIALIZED 8051 SCRIAL PORT

PARITY: NO

INIT_RS232:

LOW BAUD:

BALUD RATE

1 9600 BIT/SEC
DATA LENGTH: 8 BLT

STOP BIT: | BIT

X-TAL: 11.0592 MHZ
MOV TMODLEOO1001018
MOV SCON#01010010B
MOV PCON #00000000B

S5IMP LOW_BAUD
MOV T1I1,50FDH
SETB  TRI

RET

SEND  SEND A TO SERIAL PORT

JTIMERLT LOAD VALUE

START TIMERI

CHECK TRANSMITTER BUFFER BEFORE SEND
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. ENTRY: A
: EXIT:NO
SEND_SERIAL:

JNB  TLSEND_SERIAL
CLR Tl

MOV SBUFA

RET

RECIVE RECIVEBYTE PUT TO A FROM SERIAL PORT

5 WAIT UNTIL RECIVER BUFFER READY

ENTRY: NO

; EXIT: A
RECIVE: JNB

; CLE R1

RIRECIVE

MOV ASBUF S GETIT

)

RET

’

LCALL SEND_SERIAL ; ECHO TO TERMINAL

JBIN_ASCII CONVERT BIN TO ASCIH CODE

ENTRY: A

; EXIT: A
BIN_ASCII:

ASCI_AF2:

ANL  AFOFH
MOV R2,A
ClR C

SUBB A#0AH
JNC  ASCH_AT2
MOV AR2
ADD  A#IOH
RET

MOV ARZ
ADD  A#37H
RET

BYTE_ASCIL CONVERT A TO ASCIHIN R4, RS

BYTE_ASCIEMOV BA

LCALL BIN_ASCH
MOV R4A
MOV AB
SWAP A

LCALL BIN_ASCH
MOV R5A

RET

WSEND_ASCII SEND ASCH [N RS(HI) R4(LOY BYTE TO MONITOR

INPUT : A

) QUTPUT : NONE

SEND_ASCIE:

LCALL BYTE_ASCH
MOV ARS

;OK BUFFER EMPTY SEND OUT...
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LCALL SEND_SERIAL
MOV AR4

LCALL SEND SERIAL
RET

N L e B S T T e

INIT_7219:

SERIAL_QUT:

MOV DPTR#PORT_BI
MOV A #OFFH

MOVX @DPTR.A

MOV | BH #0000 11008 NORMAL OPERATION
MOV 1CH#00000001B

LCALL SERIAL_OUT

MOV 1 BH.#00001 1008 :SHUTDOWN OPERATION
MOV | CH#000000608

I CALL SERIAL OUT

MOV IBH#0000101 18 SCAN LIMIT

MOV 1CH #0000001 | R

LCALL SERIAL_OUT

MOV | BH #00001001 B DECODE MODE

MOV ICTLH00001 1111

LCALL SERIAL OUT

MOV 1BILA000010108 JANTENSITY DUTY CYCLE 17/32
MOV [CH.#0000001 1B

LCALL SERIAL QUT

MOV 1BHL#00001 1008 NORMAL OPFRATION
MOV 1CHLA00000001 B

I.CALL SERIAL_OUT

RET

MOV DPTRAPORT_B|
MOV AF#ITITIONTB
MOVX @DITR A
LCATL DI D8
LCALL D7_DO

MOV DPTRAPORT Bl
MOV AHLITTI00IR
MOVX @DPTR A
MOV R7.H001T

DINZ R7%

MOV DPTR#PORT_B!
MOV AKITLI0ILB
MOVX @DPTR,A

RET

MOV R2 00
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SHIFT:

SET:

UN_SET:

D7_Do:

SHIFT

SET :

MOV A IBH

RLC A

MOV IBH.A

JNC UN_SET

MOV DPTR#PORT_BI
MOV A#111110E1B
MOVX @DPTR.A
MOV A#ILITEILB
MOVX @DPTR.A
MOV R7,#00H
DINZR7S

MOV DPTR#PORT_BI
MOV A#ITLTI01IB
MOVX @DPTRA
INCR2

CINE R2#8 SHIFT
RET

MOV DPTR#PORT Bl
MOV AFILIT1010B
MOVX @DPTR.A
MOV A#LIITTLIOB
MOVX @DPTRA
MOV RT#00H
DINZRTS

MOV DPTRAPORT_BI
MOV A#ITTLIDIOB
MOVX @DPTR A

INC R2

CINE R2Z A8 SHIFT
RET

MOV R2,700

MOV A ICH

RLC A

MOV ICHA

INC UN_SET_

MOV DPTR#PORT_B1
MOV A#L11110118B
MOVX @DPTR,A
MOV A#LILITILIE
MOVX @DPTR,A
MOV R7#00H

DINZ RS

MOV DPTRAPORT_BI
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UN_SET_

[1SP_0000:

DISP_LINE:

MOV A#L1LHI0LIB
MOVX @DPTR,A

INC R2

CINE R2 #8 SHIFT_
RET

MOV DPTR #PORT_B!
MOV A#111110108
MOVX @DPTR A
MOV A#t1T11110B
MOVX @DPTR,A
MOV R7#00H

DINZ R7.$

MOV DPIR #PORT Bl
MOV A #11111010B
MOVX @DPTR,A

INC R2

CINE R2.#8 SHIFT
RET

MOV | BH#00001111B
MOV 1C11#000000008
LCALL SERIAL OUT
MOV 1BH 4060000001 B
MOV 1CH,H#G0000000B
1.CALL SERIAL_OUT
MOV {51 #00000010B
MOV 1CIELA100000001
LCALL SERIAL_OUT
MOV 1BH,#00000011B
MOV 1CH £000000008B
LCALL SERIAL_OUT
MOV 1 B3] [L#0C000 100B
MOV 111 #00000000B
LCALL SERIAL_QUT
RET

MOV 1BILA00001 11113
MOV 1CHA#000000008B
LCALL SERIAL_OUT
MOV tBIL#00000001 B
MOV [CILEOC00 10101
LCALL SERIAL_QUT
MOV 1BI11#0C0000 1013
MOV 1CH #00001010B
LCALL SERIAL_OUT

NORMAL OPERATION

DISPLAY O DIGIT O

AMSPLAY 0. BIGIT L

JDISPLAY O DIGIT 2

DISPLAY 0 DIGIT 3

NORMAL OPERATION

DISPLAY - DIGIT 0

DISPLAY - DIGIT ]

wamsuntarasdinnuwannmalulag
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DISP_COUNTER:

DISP_DATA:

SHUTDOWN:

MOV | BH.#000000i | B
MOV ICH#00001010B
LCALL SERIAL_OUT
MOV 1 BH,#000001008
MOV 1CH#000010108
LCALL SERIAL_OUT
RET

LCALL READ_IN

LCALL CONVERT _DATA

MOV 1BH.#0(H

MOV ICH,5FH
LCALL SERIAL_OUT
MOV §BH,#02E1
MOV A SDH

ORL A.#100000008
MOV ICILA

LCALL SERIAL_OUT
MOV [BH #03H
MOV [CIL5CH
LCALL SERIAL OUT
MOV 1BH,#04H
MOV ICH,5BH
LCALL SERIAL_OUT
RET

MOV I|BH#0IH

MOV ICH,33H
LCALL SERIAL_OUT
MOV [BH#02H
MOV A 34H

ORL A #10000000B
MOV ICHA

LCALL SERIAL_OUT
MOV 1BH.#03H
MOV 1CIL,35H
LCALL SERIAL_QUT
MOV |BH #04H
MOV 1CH,36H
LCALL SERIAL_OUT
RET

MOV 1BH #0000 1008
MOV LCH#000000008
LCALL SERIAL QUT
RET

DISPLAY - DIGIT 2

:DISPLAY - DIGIT 3

DIGO
JDATA
SHOW
DIG

DATA WITH DECIMAL POINT

SHOW
PIG 2

DATA
SSHOW
DIG3

DATA
SHOW

DIG O
JDATA
SHOW
DG T

JDATA WITH BECIMAL

SSHOW
DIG 2

DATA
SHOW
DG 3

DATA
SHOW

SHUTROWN MODE

wnnunderasdinnuwanamalulad
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NORMAL:

MOV I BH#000011003 NORMAL OPFRATION
MOV 1CH#00000001 B
LCALL SERIAL_OUT

RET

SIS AN DISPLAY VOLTAGE VALUE Sttty

DISPLAY_VALUE: LCALL RUN_ADC

SEND_DATA:

LCALL GET DIGIT
MOV HIGHBYTE2,R0
MOV LOWBYTE2.RI
LCALL SUB_SAM
LCALL SUB_COMPARE
LCALL MULI6BIT
LCALL DIVIDEI6BIT
LCALL HTOD

LCALL SEND_DATA

[ CALL IMPROVE_DATA
LCALL DISP_DATA
LCALL INDICATOR
LCALL RUN_GREEN
LCALL RUN_ADC

RET

MOV ATHI

LCALL SEND_ASCI
MOV A3FH

LCALL SEND_ASCH
LCALL ENTER

RET

IMPROVE DATA: MOV A3FH

ANL AH00G0TI 1113
MOV 331LA

MOV AJFI

ANL A#LLLO0OO
SWAP A

MOV 34HA

MOV A3EH

ANL AFOOODLIIIB
MOY 3511LA

MOV A3EH

ANL A#I 111000013
SWAP A

MOV 36H.A

RET

CEAFNRE R R SRR R A AT RRAEFARN AT b R
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SUB_SAM: MOV XLLOWRYTE2

MOV YL LOWBYTEI

MOV XHHIGHBYTE2

MOV YHHIGHBYTEI

LCALL SUBI6

MOY DELTA_RESULT.ZL

RET
AR AR O AE
SUB_COMPARE:  JNB 09H,RETF

MOV A DELTA_RESULT

CPL A

ADD A#01H

MOV DELTA_RESULT,A
RETF: RET
;ﬁtt*itt#*#t**k*t**ttt#tit#t*#*#R**t**
HTOD: CLR A

MOV 3IDH,A

MOV 3EH.A

MOV IFILA

MOV R4,#16
HTODI: MOV A,DPL

RLC A

MOV DPL,A

MOV A DPH

RLC A

MOV DPH.A

MOV R5#3

MOV RO,43FH
HTOD2: MOV A@RO

ADDC AACC

DA A

MOV @R0,A

DEC RO

DINZ RSHTOD?

DINZ R4,HTODI

RET
S DIV \DE MM
B YTy
JINPUT XHXL ARE DiVIDENDS,
i YH,YL ARE DIVISORS.
{OUTPUT 73,72 ARE QUOTIENTS.
i Z1,Z0 ARE REMAINDERS.
DIVIDE|6BIT: PUSH 0OOH

wnasunilasasdiinnunauinalulad
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DIV16:

; SETB  ZOV

DIY_OK:

DIV_LOOP:

PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOV
MOV

OIH

0zH

03H

07H
XH,51H
X1,50H
YH.#00H

YL,DELTA_STD

LCALL DIVI6

MOV
MOV
POP
POP
POP
POP
PGP
RET
MOV
ORL
INZ

DPH,Z3
DPL,Z2
07H
03H
02H
0lH
0cH

AYH
AYL

DiV_OK

ELSE OVERFLOW

RET

MOV
MOV
MOV
MOV
MOV
MOV
MOV
CLR

MOV
RLC

MOV
MOV
RLC

MOV
MOV
RLC

MOV
MOV
RLC

MOV

R1.XH

ROXL

XH#0

XL

R3#0

R2 #0

R7#16
C

AROD
A

ROA

ARI
A

RLA

AXILL
A

XLA

AXH
A

XH,A

LCALL SUBle

DIVIDEND

DIVISOR

DIVIDE PROCESS

GET DIVISOR HIGH BYTE
OR WITIHLLOW BYTE
DIVISOR OK IF NOT O

STORE IMVIDENDY IN RLRO

anasunitrasadiinnunauinalulad
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MOV C70V

DIv_L:

CLR 2OV

SuUBle:

CrL C
JNC  DIV_I

MOV XH.ZH

MOV XLZL

MOV AR2

RIC A

MOV R2A

MOV AR3

RIC A

MOV R3.A

DINZ R7.DIV_LOOP
MOV Z3.R3

MOV Z2R2

MOV Z1.XH

MOV 20.XL

MOV AXL
CLR C
S5UBB AXYL
MOV ZLA
MOV AXH
SUBBE A, YH
MGV ZHA
MOV ZOV.C
RET

SUHGIE G MULTIPLY MR e80T

JNPUT ARE XLYH,YL.

JOUTPUT ARE £3,722.71,20.

MULY6BIT:

MULS_16:

PUSH 0OH

MOV XLDELTA_RESULT
MOV YH #00H

MOV YLLCOUNT_HIGH

LCALL MULE_l16 MULTIPLY XL WITH{YH:YL)

MOV 50H.Z0 LOW BYTE

MOV S51HZI HIGH BYTE

PCoP 00N

RET

MOV PSW#H0 SELECT REGISTER BANK ©

MOV A XL JLOAD X INTO ACCUMULATOR
MOV 0B, YL LOAD Y LOW BYTE INTO REGISTOR

MUL AB

wsnannsrsdinnuwanmalutad
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MOV Z0A SAVE RESULT LOW BYTE
PUSH B
MOV AXL
MOV B.YH
MUL  AB
POP 0
ADD  ARD
MOV Z1LA
CLR A
ADDC AB
MOV Z2A
RET

S 0 INDUC ATOR R it

INDICATOR:

UN_PASS:

NO_SAMPLIE

CHE_DOWN:

CLRC

MOV A LOWBYTES

SUBB A LOWBYTE2

MOV A HIGHBYTE3

SUBB A HIGHBYTE2

CINE A RODH UN_PASS
LIJMP CHK_DOWN

CINE ABOITHLNO_SAMPLE
SETB P34 RED
CLR P35 (GREEN
RET

CLRP3.4

CLR P33

RET

CLRC

MOV A LOWBYTEZ

S5UBH ALLOWBYTEI

MOV AHIGHBYTE2

SUBB A HIGHBYTEL

CINE AHOOH UN_PASS
CLR P34

SETB P3.5

RET

T e et

GET_KEY:

MOV PLEOOTITTIR
NBII3S

MOV A PL

MOV R7#311L
DINZRT$

ANL A #00000L11B

wnaunlassadninaudmumalulad
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GET_KEYH:
LPL:

GET_KEY1:
LPPL:

GET_KEY2:
LPPLY:

SRR LCD DISPLAY AR

LCM:

RET
MOV PLADO0IL(11B
LLCALL GET_DIGIT
LCALL RUN_ADC
MOV HIGHBYTE2.RO
MOV LOWBYTE2 RI
LCALL RUN_HIGH
LCALL RUN_ADC
INB P13.LPL

MOV A P

MOV R7TH3FH

DINZ R7.S

ANL A #00000111B
RET

MOV P1LADO0T 11118

LCALL DISPLAY_VALUE

INBPL3LPPL
MOV APl

MOV RTHOFFH
DINZR7S

ANL AHO00001 LB
RET

MOV PLEOOOLITLIB
[.LCALL DELAY
LCALL DELAY
MOV BPP#10
LCALL BEEP
LCALL DELAY
LCALL DELAY
INB P1LILPPLI
MOV APl

MOV R7.#0FFH
DINZRTS

ANL AZC00001T10B

RET

MOV A #B0II
LCALL STROBL:

iy
il

MOV DPHINGH_BUFFER

MOV DPLLOW_BUTFERI]

LCALL DISPLAY
MOV A#0COH
LCALL STROBE

T
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TITLE:

SET_UPPER;

BLANK:

SET_LOWER:

RECORI::

SENIX.

MOV DPH,HIGH_BUFFER2
MOV DPL.1.OW_BUFFER?
LCALL DMSPLAY

LCALL DELAY

RET

MOV DPTRADATA_]
MOV HIGH_BUFFER1,DPH
MOV [LOW_BUFFERI.DPL
MOV DPTRADATA 2
MOV HIGH_BUFFER2,DPH
MOV LOW_BUFFER2,DPL
RET

MOV DPTR #13ATA_3
MOV HIGH_BUFFER1,DPH
MOV LOW_BUFFERI,DPL
MOV DPTRADATA_4
MOV BIGH_BUFFER2,DPIL
MOV LOW_BUFFER2,DPL.
RET

MOV DPTRADATA_S
MOV HIGH_BUFFER |, DIPH
MOV 1 OW_BUFFER1,DPL
MOV DFFR #DATA_6
MOV HIGH_BUFFER2.P1T
MOV LOW_BUFFER2,DPL
RET

MOV DFTRADATA_7
MOV HIGH_BUFFER1,1PH
MOV LOW_BUFFERITDPL
MOV DPTR#DATA_B
MOV HIGI I BUFFER2,DPH
MOV LOW_BUFFER2,DPL.
RET

MOV DPTR #DATA_9
MOV HIGH_RUFFERE,DPH
MOV [.OW_BUFFER1,DPL
MOV DFTR #DATA_LO
MOV [1IGH_BUFFER2.DPI
MOV LOW_BUFFER2,DPL
RET

MOV DPFTRHDATA [
MOV HIGH_BUFFER | DPH
MOV LOW_BUFFER{,DPL

wnasuntlasasdinnunmuunalulaf
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RECORDING:

ALL_COPIED:

FULL:

MOV DPTRADATA_12
MOV HIGH_BUFFER2.DPH
MOV LOW BUFFER2,DPL
RET

MOV DPTR#DATA_13
MOV HIGH_BUFFER|,DEH
MOV LOW BUTFER1,DPL
MOY DPTRADATA_14
MOV HIGH_BUFFER2,DPH
MOV LOW_BUFFER2,BPL
RET

MOV DPTR#DATA_15
MOV HIGH_BUFFER1,DPH
MOV LOW_BUFFER(,DPL
MOV DPTRADATA 16
MOV HIGH BUFFER2,DPI
MOV LOW_BUFFER2.DPL
RET

MOV DPTREDATA 17
MOV HIGH BUFFERI,DPH
MOV LOW_BUFFERLDPL
MOV DPTREDATA_i8
MOV HIGH BUFFER2,DPH
MOV LOW_BUFFER2,DPL
RET

READY_TO_WORK:MOY DPTRADATA 19

MOV HIGH_BUFFERL,DII
MOV LOW_BUFFERL,DPL
MOV DPTR#DATA_20
MOV HIGH_BUFFERZ,DFH
MOV LOW_BUFFER2,DPL
RET

PLACE_STANDARD:MOV DPTRH#DATA_21

St CABLE FOR DISPLAY ST G

MOV HIGH_BUFFERL,DPH
MOV LOW BUFFERI,DPL
MOV DPTRFDATA 22
MOV HIGH_BUFFER2,DPN
MOV LOW_BUFFER2,DPL
RET

DATA_1: DB ™ AR MIC"

DATA_2: DB "ROMETER "

DATA_3: DB "SET UPPE"

rmnnilanssdiinnuiannmelulad
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DATA_4: DB "R: 000.0"
DATA_5:DE"  ©
DATA 6:DB"  °
DATA_7: DB "SET LOWE"
DATA_8: DE "R: 000.0"
DATA_Y: DB " RECORDI"
DATA_10:DB “NG MODE "
DATA_I1:DB "SEND DAT"
DATA_12:DB"A TO PC"
DATA_13:DB "RECORD N"
DATA_14DB"O. "
DATA L5BB" COMP
DATA_16:DB "LETE! *
DATA_17:DB " MEMORY "
DATA_L8:DB "IS FULL "
DATA_I9:DB " READY T"
DATA_20:DB "0 WORK "
DATA_21:PB " PLACE §"
DATA_22:DB "TANDARD "

SR RN LCTY MODULE A

INIT_LCD: MOV A #3811
1.CALL STROBE
MOV A #3811
| CALL STROBE
MOV A #38H
LCALL STROBE:
MOV A,#00001 1008
LCALI STROBE
MOV A #06H
LCALL STROBE
RET
/CLEAR 1LCD MODULE
CLEAR: MOV A#OLIL
LCALL STROBE
RET '
JSIGNAL STROBE INSTRUCTION
STROBE: MOV DPTRALCD_INS
MOVX @ DPTR.A
MOV RS0
DINZ RS
RET
/LOOP FOR DISPLAY DATA ON LCD MODULE
DISPLAY: MOV R1,4)

FUNCTION SET

DISPLAY ON/QIY

LNTRY MODE SET

CLEAR DISPLAY

wnasUntierasdineuwayuralulad
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LQOOP:

MOV ARI

MOVC A @ A+DPTR
PUSH DPH

PUSH DPL

LCALL WR_ENABLE
POP DPL

POP DPH

INC Rt

CJINE RL#8,LOOP
RET

JLOOP FOR ENABLE LC1I) MODULE TQ WRITE DATA

WR_ENABLE:

MOV DPTRALCD WR
MOVX @DPTR.A
MOV R3#9FH

DINZ R5.$

RET

JLOOP FOR READING DATA FROM LCD MODULE

READ IN:

AGAINL:

AGAIN2:

MOV RI#50H

MOV A, #80H

LCALL STROBE
LCALL RD_ENABLE
MOV @R1,A

INC RI

CINE RI #38H.AGAIN]
MOV A H#OCOH

LCALL STROBE
LCALL RIY_EMABLE
MOV @RI1A

INCRI

CINE RI#60H AGAIN?
RET

JLOOP FOR ENABLE LCD MODULE TO READ DATA

RD_ENABLE:

MOV DPTRALCD_RD
MOVX A@DFTR
MOV R5,#0

DINZ R5.$

RET

JULOOP FOR WRITING DATA TO LCD MODULE

WRITE_OUT:

AGAINI:

MOV R1 #5010

MOV A #80H

LCALL STROBE
MOV A @RI

LCALL WR_ENABLE

wnmmnilazssdinnusnmalulad
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AGAINS:

SEND_LCD:

INC RI
CINERI#38H.AGAIN]
MOV A HOCOH
LCALL STROBE
MOV A @RI

LCALL WR_ENABLE
INC RL

CINE RI#60H,AGAINS
RET

MOV A ,3FH

LCALL BYTE_ASCII
PUSH 05H

PUSH 04H

MOV A#0CTH
LCALL STROBE

PQP 04H

MOV AR4

LCALL WR_ENABLE
MOV A #0CEH
LCALL STROBE

POP 05H

MOV ARS

LCALL WR_ENABLE
MOV A 3LH

LCALL BYTL_ASCI!
PUSH 05H

PUSI{ 04H]

MOV A #OCSH
LCALL STROBE

POP 04H

MOV AR4

LCALL WR_ENABLE
MOV AHOCAH
LCALL STROBE

POP 05

MOV ARS

LCALL WR_ENARLE
MOV ASDH

LCALL BYTE_ASC
PUSH 05H

PUSH 04H

MOV A #0C3IH
LCALL STROBE

ianasunllazsdinnuraunalulad
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HEAD:

POP 04H
MOV A R4

LCALL WR_ENABLE
MOV A #0C2H
LCALL STROBE

POP DSH

MOV A RS

LCALL WR_ENABLE
RET

MOV DPTR #NAME
LCALL SEND_STRING
RET

(SEND_STRING SEND STRING CONSTANT TO TERMINAL

ENTRY: DPTR

; EXIT: FOUND EOS

SEND STRINGI:

NAME:

SEND_STRING: CLR A
MOVC A@A+DPTR

CINE A #EOSSEND_STRING!

RET

PUSH DPL

PUSH DPH

LCALL SENIY_SERIAL

POP DPH

POP DPL

INC DPTR

SIMP SEND_STRING

DB "AIR MICROMETER VERSION | 0" CR.LF
DB "COPYRIGHT 996" CRLF

DB "DESIGNED BY TECNOLOGY DEVELOPMENT OFFICE(TDO)",.CR,LF
DB "PREMIER GLOBAIL CORPORATION CO.LTD." CR,LF,CR,LF,EQOS

SH I DELAY BRI

JDELAY LOOP 130 MSEC

DELAY:
DELAYL:

MOV RT#00H JDELAY 130 MSEC

MOY R6,#O0H
DINZ R6.S

DINZ RT.DELAYI
RET

YDELAY LOOP 16 MSCC

D_LAY_:

D_LAYIL :

MOV R7FOTH DELAY 16 MSEC
MOV R6#0FH

DINZ R6.5

DINZ R7.D_LAYI

RiET

nasunenarduinnuianninalulad
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SDELAY LOQP 65 MSEC

D LAY: MOV R7#7FH ;DELAY 65 MSEC
D_LAYL: MOV R6.#0CH
DINZ RS

DINZR7D LAY

RET
D RAY: MOV R7.BPP :DELAY FOR SOUND BELP
D_RAYI: MOV R6,#03H

DINZ R&$

DINZ R7.D_RAY

RET
DELAY_B: MOV R7#05H JDELAY FOR DISPLAY BARGRAPH
LLOP: MOV Re #00H

DINZR6S

DINZ R7.LLOP
RET
END

R A Ll S S R R T
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SPECIFICATION



Specitication

1.

ca

6.

7.

Range

. Lincarity
- Qllsel
L opur

. Mamory

Serial Intertace
6.1. Rauwd Rate
6.2, Data
6.0. Start Bit
6.4, Stap Bit
6.5, Party

Bar Display

8. Liguud Crystal Display

wnarsUalenasininauvannoelulad

-5 0 +135 micron
0t 12 micron

0.5 micron

intel 8032

NVRAM 30 Kbyie
R8232

9.600 bit/sccond

8 bt
,

1

none

LED 2 colours 64 unit

8 dots/character 1 fane

uinhn wiiladlnaaassidastu e

S

9. Seven Scegment Display
10. Pass=Fuail Display 1.ED
11, Weight

12, Dimension

3 digits

3 ke
169 mm X 150 mm X 375
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Sechion 6.1 ﬁnumzﬁ]1ﬂ ’ 2

6.1  anumziill

(2][21(4)
[s)(e][71i8]

N3 LRI A4

1. :ju Set (Fup Calibrate (AF8e7A

2. 1jn Record g Mode saamrdineeyefiinla
3. 1j1 Up it

4. 1] Send #a3aM PC

5. 14':4 Enter nas LA

6. 1/ Down amA

7. ﬂ]u Foot Button ﬁuﬁn;ﬂqa

8. ﬂu NG (lrlalrem)
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Section 5, 7

‘ 6.2 OPERATION PROCEDURE

OPERATION PROCEDLRE ! 3

Fodguuanlvlifie ON @599 Air Micrometer Gauge #ivouaauaszUaing

“Adr Micromewr”

2. fAUATTLHIUA DY Calibrale shu*uENfﬂ'ﬁi’ﬂ%‘tmuLﬁﬂﬂ'mﬂmﬂminﬂﬂu Set

HapuanaunazlsIng *Ser Lower © 0.007

3. e Lower Master Lﬂlﬂﬂﬁﬁdlfﬂﬁuﬂu (I LLEﬁﬂﬂ"lJ}J Inter LOT29923U6N
Lower Zafvualindaudiily fauaausazlaning “Set Upper © 0.00" wash Bar
Display azd3my “LED” dhadiunilianatdavaniadiumiszasdianga (Master Lower)

4. notln Up wellaumgeganes Rage lunisiaauny (Migagaess Runge Ty

r
o

MFIATUNUAR NN TUNAIEI Upper Masier AUAAIM29 Lower Masler) @)fisu
anluluedasgldnnvansnsania 7 Scament tila Bar Display (i UP dwsuilau
Artbsigany Uu bOWN dwduilaudlidhas Waldmendoimisudrlyinetly Boer #

oudaedUsINGg FStandard Upper”

5.0 Upper Master IR TeBOm ( Headjet ) 1amnay Fnter 1030393y
FYuad Upper Master 40 Bar Display 92055 “1EDY @dniuinuilaaiuuu
Wl Ranee vpamsiaiuaiuuu Bar Display gazhaauaaduaszlsing “Ready Lo

Work™ wungtaasas awsannezlrouudn

6. naaddld Upper Master |, Lower Master i LU a0 tianadaun s
WINUEBUATDDUM TITUITUTF T1IAAT2IMNUINEBNAY UPPER 1Az LOWER

wlaiwasuldaindivnng sa 10

7. wimsTarunldwuit Topa i ialean 7 seement 3 wé’nﬁlagjvﬁuuu’alaq
Bar Display az;‘sﬂﬁiw'{‘{zmuﬁﬂwuﬁﬂwamaam%’ulﬁw‘%alﬁ laagain 11D 2 arawiia 7
Scement

EED Suas viangila Ldehu (Fail)

1D 80 wanata By (Pass)



whTUpleyasd dnnuiapaiulaf

- o T ., - 5 o
wiWn witdesiaavianasodasu 4160

T
’T;m s} Manual of Operation ’Ttlgc ‘
Fcclion 6.2.5.3.6.1 { OPERATION PROCEDURE ’ 4 ]

§. natly Record (HAa4maung mode vprnistiuindayatiatuiineuaebuay

r
=l ar

Aeinvialelilumboanusiasuning faandeauaazlsing “Recording mode™

9. natly Foot Bunon dadainistiniineizastiuauiiio losfisouaasaaizyn

N3 BTayeiituinll

10. natju Send adeamsdedayaniiulilueTaady pe Tasrnma Seral Por

6.3 m'sﬂi‘gﬁ%'nm

¥IN19 Calibration 109 LHaY

6.4 WIAITIE

1. TEfulwnszuaady 220 Vol
2. amdauTzuUaNtild fpalluanuatazdraialaginnTuiu Air Regulator

Tiieuaulutia 3-7 kel/em’
3. WIS AEUAISEWIIATEd Standard Master  WAZLATBY  Digital  Ajr

Micrometer Aauns Ly
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EXECUTIVE SUMMARY

The Sanyo Universal Electric Public Company Limited (SUE) refrigerator compressor plant
produces 1.2 million compressors per year for domestic consumption and export. A
compressor part called shder 1s manufactured by multiple machining processes which begin
by taking a cylindrical cast iron raw material and turn it to proper diameter and cut in to six
pieces. The existing process for turning and cutting involve four separate machines for center
drilling. rough turmng, finish turning, and cutting.

The aim of the project is to design and built a production machine that will work in place of
the four machines to save floor space and allow increased production rate without additional
work force.

The production macinne is designed around an engine lathe to save machine cost. The hand
operated wheels for cross shide and top slide were removed and stepper motors are mounted
on the wheel shafts tor automated operation. The tail stock was modified the same way and
a live center is fitted with a new spindle to function as a stopper. The chuck was replaced
with hvdraulic operated three jaw chuck. The raw material s fed in to a feed rail from a
hopper by a rotary feeder and then fed n to the lathe jaw with a pneumatic plunger. From
that point on, the material is turned to proper diameter and cut off one by one. The operation
of the lathe is controlled by a microprocessor running a software programmed in to an
erasable programmable read only memory (EPROM). Error monitoring of the system for the
stepper motor drive is done by counting the number of steps it took from a limit switch and
compare it to the number of steps it takes to get back to the switch.

The tolerance on the diameter of the part 1s 30 microns. The lathe cannot accomplish this
easily even though the control system 1s capable of 10 microns resolution on that axis. The
slider has to be recondittoned and preloaded with spring before the tolerance can be achieved.

The completed machine is capable of overall productivity of 40 seconds per piece.

This research received funding from The Thailand Research Fund and SUE and carried out by
the Instrumentation and Control Rescarch Laboratory, [nstitute for Science and Technology
Research and Development, Chiang Mai University.  Project coordination was provided by
Technology Development Office, Premier Global Corporation. Consultancy was provided by
the Department of Applied Physics, King Mongkut's Institute of Technology Ladtkrabang
and SUE.
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L. THE BIG PICTURE

The single purpose lathe sub-project is a part of a master project to improve working
conditions, safety of workers, productivity, and observation of energy at the Sanvo Universal
Electric Public Company Linuted (SUE) production plant. The project is jointly funded by
Thailand Research Fund (TRF) and SUE. Coordination of the project is carried out by the
Technology Development Office (TDO) of Premier Global Corporation Ltd.. The research
team include statf members from the Department of Mechanical Engineering. Chiang Mai
University, Department of Agriculture Machinery, Chiang Mai Rajmonkala Technicat
Collage; with staff member from Department of Applied Physies, King Mongkut's Institute of
Technology Lardkrabang as a consultant.

2. DESCRIPTION OF THE PRODUCTION LINE

SUE production turns approximately |.2 million retrigerator compressors per vear. Most of
the production 1s done from locally produced raw matenals.  On the mechanical parts
production, most ot the parts are made from cast iron. The cast iron parts being produced in
parallel production fines are piston scotch, valve plate. motor case, cvlinder, crankshaft, and
slider. These produced parts are then assembled in the assembly line. This project deals with
the beginning of the shder line. The raw material for the slider is a cast tron cvlinder. The
cylinders are turned and cut in short smaller cylinders. After this process. the cvlinders will
underzo grooving. head forming. drlling, erinding, honing and chamfering to form the
tinished sliders.

3. INITIAL INVESTIGATION
3.1 Raw Material

The raw material to produce the refrigerator's compressor slider which i1s driven by the
crankshaft and then drive the compressor piston i1s a piece of cylindrical cast iron
approximately 180 mm long and 25 mm in diameter. The material 1s gray cast iron number
FC-30 and weight 0.6 Kg

3.2 The Existing Process

To machine the described raw material in to short cylinders for further machining processes,
the following operations are required:

Iy The raw material is drilled on both ends so that the part may be fitted on the turning lathe.
2) The part is mounted on an engine lathe and rough turning 1s performed.

3) The part is then mounted on another engine lathe for fine turning operation.

4) The part is mounted on another engine lathe to cut it in to six short pieces.

2-6
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3.3 Modified Process

Various cutters required the process, sample raw material, as well as controt document for
the production is obtained from SUE for analysis and experimentation. In a fully automated
process, it is preferred to machine the required piece by piece rather than doing the machining
in batch like in the existing production line. The preference arise from the fact that complex
machinery is required to transfer parts from one machine to another mn batch process and
machinery to process the part ptece by piece simpler in construction The fact that the part
will be machined piece by piece cause the length of the raw material protruding trom the
chuck head to be much shorter and much more rigid. The separate turning cvele for rough
turning and finish turning is required tor the long part in the existing production 1s because the
part 1s flexible, but when the part is short, only one turming cvcle 15 required.  This fact is
confirmed by experimentation on an existing fathe at CMU. Further testing shows that the
raw material (grav cast iron) is relatively easy to machine and the chip 1s in small pieces.
Testing at current production turming speed (1,020 rpm) at feed rate of 0.15 mm/revolution
in one singie pass shows that the part and cutting tool show no sign of overheating or
vibration. [t 15 reasonable to believe that this turning speed will cause no difficulty for all
machining operations required.

The design of the working cvcle for the single purpose lathe tollows:

1) Move in the stopper to the position close to the chuck.
2) Feed the material against the stopper.

3) Clamp the chuck.

+4) Back oft the stopper.

5) Move in turning ool 1o wirn the protruding material.
6) Back off the turning tool.

7) Cut of the face of the new part.

8) Back oft the cut off toel.

9} Move the stopper in to standard part length position.
10) Open the chuck.

1 1) Feed the material aganst the stopper.

12y Clamp the chuck.

13y Use the turning tool to turn the part.

14} Back off the turning tool.

15y Cut off the finished part.

[6) Repeat from step 9 five times.

17} Eject the remaining stub,

The shortest time that the machining of one piece can be done in theory 13 the total 1ime that
the material is being removed. This time is about 20 seconds which is limited by tool feed
rate. The rest of the time is for the tool movement without material removal. The time of
tool movement will depend on the drive system used. The tastest to the slowest movement
time for different drive systems are hydraulic, pneumatic. and electric power. The highest
cost to the lowest cost is also in the same order In this case. pneumatic drive 1s not
considered because air is compressible and the cutting action may become irregular,

2-9
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4. INVESTIGATION OF POSSIBLE SYSTEMS

The common feature that is desirable for all machining systems s an automated part feed
system. This system is designed first since tt can be used for any machining svstem described
later in this document. The designed part feeder use an automated hopper which can
contain 25 preces ot raw material {125 pieces of shders can be produced) which correspond
to the turning tool life. The raw material can be dispense one by one in to a feed mechanism
a rotary mechanism and motor drive. The feed mechanism consist of a long plunger inside a
tube. The plunger is push against the part being fed by pneumatic actuator. The feeder
provide an output signal to the machining system at the end of the last piece machined from
the raw material to inform the machining system to gject the raw material stub.

Manyv machining syvstem is possible and each will be described in turn. The three svstem being
considered are turret fathe driven by hydravhc system. engine lathe driven by hydraulic

system, and engine lathe driven by stepper motor.
4.1 Turret Lathe System
4.1.1 Description

A turret lathe ts an old fashion production machine which is manually operated. The turret is
a rotating mechanism which can hoid up to six tools and sit in a sliding mechanism which is
operated by a hand wheel. By rotating the hand wheel counterclockwise, the tool on the
turret is pressed against the raw matertal and provide machining action. When the hand wheel
15 turned clockwise, the turret move away from the part and the turret rotates 1/6 turn to
change cutting tool automatically. The stroke for each tool can be set independently by a
separate set of screw stopper mechanism.

4.1.2 Retrofitting for automated operation
Since the turret lathe is designed to be a production machine, retrofitting of the lathe is
relatively easy since it already contain a coltet chuck, a cross slide, a cut oft shde. and a turret

for six tools. Hydraulic pistons can be added to the lathe and himit switches attached for
cantrol operation.

4.1.3 Estimated cost

Turret lathe 200.000
Feed svstem 30.000
Hydraulic system 150,000
Prneumatic svstem 20,000
Control system 15,000

TOTAL 415,000

4.1.4 Advantages

The turret lathe system fend itseif retrofitting and minimum work is required to automate the
lathe which result in minimum tead time for job completion.

2-10
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4.1.5 Disadvantages

The turret tathe relies heavily on mechanical stops to position the tool so the hvdrautic system
will have to have control an both speed and actuation force which contribute to the high cost.
Further more. these stops may need to be adjusted regularly which i1s quite cumbersome. The
stroke of the turrer slider 18 quite long. (600 mm) and this could cause the cvele time to
sutfer. As of last survey, tusret lathes are no longer imported regularly and this could cause
problem with after sates service and spare parts.

4.2 Hydraulically Driven Engine Lathe
4.2.1 Description

In this case, an old engine lathe mav be use as the chuck power for the system. A base plate
fitted with tool shiders and hydraulic system may be fitted on any engine lathe with ease.

4 2 2 Retrofitting for automated operation,
A powered chuck will be fitted on the lathe tor automated operation. The powered chuck
can be in the form of hydraulic chuck or a collet chuck operated by hvdraulic force. A niwid
base plate will be designed to support a set of sliders and tool holders which will be driven by
hydraulic cvlinders. Due to the fact that hydraulic svstem can be made to be fast acting and
short stroke is required for tool travel, this system promise a tast cycle time.

4.2.3 Estimated cost

Engine tathe  existing SUE equipment

Feed system 30,000
Hydrautic chuck 100,000
Hydraulic svstem 200.000
Stiders 100,000
Tool holders 4,000
Control svstem [5.000

TOTAL 485,000

4.2.4 Advantages

The performance of this unit can be comparable to imported units with much lower cost. Tt
can be built with local technology and known spare part cost which will aid maintenance in

the long run.
4.2.5 Disadvauntages

It would require high initial investment cost and some extensive research and testing before 1t

goes on line.

4.3 Stepper Motor Driven Engine Lathe

[ ¢
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4.3.1 Description

A standard engine tathe is used with all its shiders driven by stepper motors. A hydraulic
chuck is still required for this system which contribute 1o most of the cost The entire process
will have to be microprocessor controlled because of the stepper motor used.
4.3.2 Retrofitting for automated operation

A powered chuck will be fitted on the lathe for automated operation The sliders equipped
with standard engine lathe are screw driven which tend itself to stepper motor drive. Unlike
other systems. onlv one limit switch per slide is required and the working cvele can be
programmed in to the firmware.

4.3.3 Estimiated cost

Engine lathe  existing SUE equipment

Feed system 30,000
Hvdrauhe chuck 100,000
Stepper motors 50.000
Tool holders 30,000
Control system 20,000
TOTAL 230.000

4.3.4 Advantages

The stepper motor alternative has the lowest cost of all svstems. Tool setting can be
simphfied because it can be done electronically. Automatic fault detection and remote atarm
system 1s possible because the system is controlled by microcontroller. It is also possible to
program in variable tool feed rate to improve the cycle time.

4.3.5 Disadvantages

Stepper moter is basicallv low power device and tool movement cannot expected 1o be fast.
The cycle time cannot match the hvdraulic counterpart.  Retrofitting of different lathe will
have to be done on a case by case basis due to difference in each lathe slider geometry unless
the same modetl lathe will be used for future retrofitting.

4.4 Decision

All three systems mentioned above was investigated for feasibility and suitability, After many
meetings with SUE and TDO along with part availabihty survey, it was found that the stepper
motor driven lathe is the most feasible and most switable.  The turret lathe system was
rejected due to difficulty of maintenance. The hydraulically operated system was rejected due
to difficulty in finding hydraulic shders focally and high cost.

5. MACHINING OPERATION

Machining operation is an aperation to remove material from raw material and leaving the
desired part according to specifications.  The removal of material 1s achieved via chip
produced trom cutting edge of cutting tools, The faster the chip can be produced. the more

2-12
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productive the machining operation can be. Machining operation 15 investigated first 1o
establish tooling requirements and limitations for the single purpose lathe design.

5.1 Relation of Vartables

The rate of chip production depends on factors such as cutting speed. feed rate. and cut
depth.  Factors mentioned are also bounded by the nature of raw material. cutting tools
material, power available to the machine, material clamping methods, and tolerance
specitications of the desired part. Each of the variables involve will be discussed in turn in the
following sections:

5.2 Raw Material

The raw material under consideration 18 gray cast iron number FC-30 cast with sand mold
into cylindrical part approximately 245 mm in diameter and 180 mm long.  The
microstructure of cast iron contain graphite flakes which help lubricate the cutting tool while
it is being machined. This feature make the material relatively easy to machine. It also contain
some carbide which make the material guite abrasive to the cutting 100l. The abbrassiveness
of the matenal requires that the cutting tool must be quite hard for long operating life.
Further more. the finish of the cvlinder s sand casting which imply manv irregularities on the
surface as well as relatively large dimensional variation. The cylinder's finish would suggest
some impact on the cutting tool while it i1s being machined, so. cutting tool toughness and
rigid support must be kept in mingd.

5.3 Finished Part Specification
The firished part from this operation is cvlinders of 21 3 mm diameter and 26 mm long. Five
pieces of the fimshed part can be produced from one piece of raw matenal. The tolerance of
the diameter 1s + 0.03 mum and +0, -0.3 mum for the length.

5.4 Cutting Tool Selection

Cutting tool material must be selected before cutting speed, feed rate, and cut depth can be
determmed. Cutting tool should be selected so that it has long life and able to meet all the
machining requirements. In general. the life of a cutting tool depends on it's hardness and it's
ability to retain the hardness at elevated temperawure.  Cutting tool matenal ranging from
softest to hardest are high speed steel, sintered carbide. ceramics. and diamond. The harder
the material. the more brittle it is. High speed steel is the first choice for manual machining
because it is casily shaped by grinding and is extremely tough. In automated operation, the
cutting speed fimit of high speed steel is too fow and require frequent resharpening of the
cutting edge.  After each tool reconditioning, the tool must be set on the machme which
require a lot of time and hamper praductivity. The next choice is sintered carbide which
normatly come in nserts which can be mstalled in the tool holder and reduce the tool setting
time during insert change. Same grade of sintered carbide' is refatively tough and is abrasive
resistant so it is well suited for this application. Ceramic and diamond tools are extremely
hard and promise long life but it is also quite brittle. Since the raw material has dimensionai
irregularity and some nmpact is expected during machining, these harder tools are not suitable
tor this application.
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3.5 Cutting Speed

Cutting speed for machine tool operation is detined as the speed that the material pass by the
cuting tool. The usual unit is in meter per minute or feet per minute. The cutting speed is
related to heat generation at the tool's cutting edge and in turn eftect the tool's life, 1In this
case. the operation is turning and the equation for cutting speed is

It

V= aD/1000N

Where V' = cutting speed in meter per minute
mo=3.141392
D = part diameter in mm.
N = chuck speed tn revolution per minute.

The recommended speed” for cutting of cast iron with carbide tool is 69 m/min  This
recommendation is made based on optimal tool life and production rate. With part diameter
of 21.3 mm the suitable cutting speed is achieved at the chuck speed of 1031 rpm. The lathe
used for this operation should be set as close to this speed as possible. For YAM 550 lathe.
the speed setting of 1020 rpm is available and this speed setting will be used.

5.6 Feed Rate

The feed rate is the rate that the cutting tool advance along the axis of rotation. The unit of
teed rate 1s in nmillimeter per revolution. The higher teed rate yield better productivity with
poor finish. In the case of long slender work piece, excessively high feed also cause vibration
and poor dimensional accuracy. In current production, feed rate of 0.15 mm/rev 1s used
with vood resuit. This rate is selected for now, but if there 1s difhiculty with cycle time, it may
be increased up to 0.38 according to recommendation” providing that the power requirement.
surface roughness, and dimensional error ts not excessive,

5.7 Cut Depth

Cut depth is the depth that the cutting tool dig in to the material. The unit of cut depth is 1n
mm. For this application. the turming operation reduce the raw matenal diameter from 24.5
mm to 213 mm iy one pass. The diameter difference is 24.5-21.3 = 3.2 mm_ The cut depth
is therefore 3.2/2 = 1.6 mm. The maximum cut depth of this tool is 3 18 mun and the
required cut depth does not exceed this limit. In the current production hine, this cut depth
is not obtammable because the part being machined 1s gripped at full fength and an attempt to
turn 1 single pass will cause excessive vibration  For the single purpose lathe, the part 1s
mounted in the chuck as a cantilever beam with only 30 mm of the matenal protruding from
the chuck. This type of arrangement provide much better stiffness and permit one pass

turmng.
5.8 Part Stiffness

in production planning, part stiffness s a cause of concern because stiff part will permit
higher teed and larger cut depth which result in good productivity. This section will compare
the current practice of mounting full iength part belween centers against part mounted as a
cantilever beam protruding from the chuck.
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The flexibility of the part can be said to be the amount of deflection of the part when

subjected to a unit load at critical point. For the part that is mounted berween centers, it can

be modeled as a simply supported beam being loaded ar center with one unit load. The
deflection equation for such a beam is

_\'mu\} = (FIIR)”J‘;]'SEI

Where Vg = Maximum defiection of the beam

F =load at center of part

| =lenuth of part

E =modulus of elasticity of material
I =area moment of inertia

and for the cantilever mounted part, the deflection equation is
Yoz = (FIY)3E

The detlection ratio becomes
Vinan 1/ Vi = ( L7163,

Substitute 180 mm for l;and 30 mm. for [, will vield deflection ratio of 13.5  This means that
the cantilever mounted part is 13.5 times as stilf as the end mounted part. From this
calculation, 1t 1s expected that the increased cut depth for the cantilever mounted part should
cause no difficulty and this will be veritied by expertmentation

3.9 Power Reguirement

The power requirement for a machine operation can be approximated from the rate of
matertal removal and specific power” for that material. The term specific power refers to the
power reguired to remove | cubic millimeter of material per minute. The specific power for

cast ironis 0.021 Watt per cubic millimeter per minute.

For turning operation, the length of an annulus removed from raw material is the chuck speed
multiplied by feed rate which is 1020 X 0.15 = 133 mn/min.  The area of the annulus is
D4 - aDy where Dy is the diameter of the raw material and Ds is the diameter of the
finished part.  The annulus area1s 105 square millimeter. Multiply the annulus area with the
length of annulus removed per minute vield the volume of material removed of 16,065 cubic
millimeter per minute.  Multiply this figure with the speaitic power for cast iron vield power
requirement at the chuck of 337 Watt.  The YAM 550 lathe 1s driven by a 3 horsepower
motor and the power requirement for turning operation seems to cause no probiem.

For cut off operation, the material removal rate is not constant.  The maximum material
removal rate will occur at the beginning of the cut due to fargest cut diameter. This
maximum material removal rate will be considered for lathe power calculation. The feed rate
for cut off operation will be approximately 0.1 nun per revolution and the material removed
during first revolution can be approximate by a strip of metal 0.1 mm thick 3.0 mm wide and
7 X diameter of raw material long. Hence. the amount of metal removed during the first
revolution 5 0.1 N3 N X 245 = 23| cubic mifhmeter. 1n one minute, with the chuck
rotating at 1020 rpm, the material removed will be 1020 X 23 1 = 23552 cubic millimeter.
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Muluply this tigure with the specific power for cast iron vield the power requirement to be

493 Watt. Again. the power requirement for cut off aperation will not cause anv problem.

Cut off operation with constant materiat removal rate will be considered 1o improx-e the cycle
time in this study.

6. SINGLE PURPOSE LATHE CONFIGURATION
6.1 The Task

The task for the single purpose lathe is to transform raw material in the form of cast iron
cylinders into smaller shorter cylinders with close tolerance specification by machmmg. The
part will be further processed by other machines to make them into compressor sliders. The
processing is fully automated and done in batch of 25 pieces of raw material.

6.2 Required Operations
For each piece of raw material, the single purpose lathe is required to do the following:

I Feed the raw material from a hopper in to the lathe.

2. Cut about 2 mm from the end of the raw material.

3. Turn about 30 mm of materal to the diameter of 21.3 mm.
. Cut the turned section into a cylinder 26 mm long.

. Repeat step 3 and + five times.

~ Eject the remaining stub.

A

[}

Each of the fimshed part must take no longer than 30 seconds to make to keep the production
line balanced.

6.3 Lathe Retrofitting

The aperation required is not very complex and it is more economical to retrotit an engine
fathe for the operation than to build a new production machine. The requirement for & lathe is
that 1t must be driven by 1.5 horsepower or more motor, has cross shide, top slide and tail
stock and has a chuck configuration suitable for hvdrauhc chuck installation An existing
lathe at SUE production plant was used for such retrofit. The lathe is a YAN model 550
engine lathe.

The process require that raw material s loaded m a batch. The part that will meet this
requirement is a linear hopper with 45 degree slope Hoor pan which will feed the raw material
in to a rotary feeder. The rotary feeder will feed the material in to a rail one at a time to be
fed in to the lathe through hole whick is connected to the chuck. The teeding of the material
at this stage will be done by a pneumatic operated plunger  The length of the material
through the chuck is controlled by a stopper with adjustable stroke which is driven by stepper
motor. Once the part is properly fed, the chuck which is operated by hydraulic power will
clamp the matertal in place and the machining operation can then begin. The end of the raw
material is irregular in shape and about 2 mm is trimmed off using a cut off tool. This
mmming operation will be referred to as facing operation later on in this document. The
first machining operation for the production part is turning and 1s done by a cutting tool
mounted on a slide driven by a stepper motor. Once the turning aperation is fimshed, the
turned part is cut off by a cutting tool mounted on the cross slide driven by a step motor. This
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operation is repeated five times and the remaining stub of the raw material is ejected at the
end of cvele. After that, the feeding process will start over again.

6.4 Component Characteristics

Each of the components used in retrofitting has to meet ditterent sets of requirements and has
its own characteristics, They witl be discussed in turn in the fellowing section:

6.4.1 Hopper

The hopper 1s designed to accommodate a batch of raw material to be fed in to the lathe for
machining. The size of the batch is 25 pieces to correspond to the turning tool usable life.
The hopper is designed as a box 26 mm high by 180 mm wide by 500 mm long with slope of
43 degrees. A limit switch is atlached to the bottom of the hopper to detect hopper empty
condition and send the signal to the control unit.

6.4.2 Rotary feeder

The tunction of the rotary feeder 1s to feed the matenal one at a time in to the rail for linear
teeder. The rotary feeder consist of a rectangular frame which is attached to the bottom of
the hopper, a rotary drum with a slot machined in to accommodate the material and is driven
by a | rpm 12 volt dc motor. The drive motor used is the same type used in automobile
windshield wiper because it is economical, has built in gear reducer, and capable of stopping
automatically at the end of the cycle. When the drum is rotated, the raw material in the drum
slot will be dropped in 1o a guide way that end at the linear feeder rail. The drum wiil
continue to rofate to complete one revolution in order to receive another raw material from
the hopper and be ready for the next cycle. The rotary feeder 15 activated by a momentary
relay contact in the controller and the teeder stops automatically by a limit switch activated by
a cam mounted on the motor shaft.

6.4.3 Linear feeder

The function ot the linear feeder is to push the raw matenal in to the lathe feed hole and
through the chuck against the stopper. The stroke of the linear feeder is 1200 mm long and
the force requirement for feeding is about 100 Newtons A pneumatic cvlinder i1s most
appropriate for this application because ot it's long stroke and fow force requirement. The
compressibility of the air which 1s used to drive the cylinder 15 also beneficial when the part
impact on the stopper at the end of teed. 1t can be seen that the force requirement is not high
and would require small diameter cylinder, but due to ditticulty in construction and rnigidity
requirement, a large bore (40 mm) cylinder is used. The speed of the plunger ts controlled by
an adjustable flow control valve at about 0.75 m/sec. The force of the plunger is controlled
by a pressure regulator to about 100 Newton and the existing factory supply pressure of 5 bar
is more than sufficient  The position of the piston need to be monitored in two places, one at
the full back position and one near the end of full out stroke. The position detection is
accomplished by reed switches activated by permanent magnet embedded in the piston.
These signals are used for fault detection and to detect if the raw matenal s at the stub so
ejection could occur.  The plunger will be pushing against the end of the raw material which
is rregular in shape and is rotating. For this requirement, a rotating tip mounted on a thrust
bearing is attached to the end of the plunger. The linear teeder s controlied by a pneumatic
solenoid valve which 15 controlled by the controller.
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6.4.4 Chuck

The chuck need to be able to open and close while it is rotating.  Two tvpes of chuck is
avatlable for this application. One is a collet tvpe and the other is a three jaw hvdraulic chuck.
Due to the variation in the raw material dimensions, the collet tvpe cannot be used etfectively
because of it's limited stroke. The three jaw hyvdraulic tvpe is selected. The hydraulic chuck
Is two pieces type. One piece contain the three jaw gripper which is operated through a draw
bar by another piece which contain hydraulic piston and slip rings The chuck system is
powered by two harsepower power unit driven by an electric motor. The chuck is controlled
by a solenoid valve which is controlled by the controller.

6.4.5 Turning slide

The turning shide 18 used to drive the turning tool parallel to the axis of rotation of the lathe.
The turning slide is adapted trom the lathe's top slide which driven be a screw with module of
3 mm. An appropnate stepper motor is selected for this slide drive. The lathe chuck rotates
at 1020 rpm and the required feed ts 0.15 mm/rev. From this information, the desired slide
speed 15 1020 X 015 = 153 mm/min. With the screw module of 3 mm. the desired screw
speed 1s 153 /3 = 5| rpm. This speed requirement correspond ta about 170 steps per second
which ts well within the operating range of manv step motors. A limit switches ts mounted on
the sitde to determine fuil back position of the slide which is used for reference point of the
motor control.

6.4.6 Cut off slide

The cut off shde move the cut off toal in the axis perpendicular to the tathe's axis of rotation.
The cut off stide is adapted from the cross shde of the lathe.  Since the turn slide is also
mounted on the cross slide, the cross slide will have to position the turning tool for
appropriate cut depth as well as driving the cut off toel. The positioning of the turning slide
will have to be as precise as £ 0.015 mm to meet the part diameter tolerance.  For this
reason, stepper motor drive will be used to drive this slide. The cross slide 1s driven by a
screw with module of 4.0 mm and a stepper moter will be coupled directly to the screw shait.
The teed of the cut off tool s 0.1 mmyrev and with chuck speed of 1040 rpm, the slide speed
will have to be 1040 X 0.1 = 104 mnv/min. The screw speed required would be 104/4.0 =
26 rpm. Since the screw s driven be a step motor, this speed can be attained exactly without
ditticulty.  Common stepper motors  available in the market has step size of 200 steps per
revolution which will vield the positioning resolution of 4.0/200 = .02 mm. Notice that this
resotution 1s courser than the positioning requirement for the part diameter stated above. Tt
is also true that when the cross shide move to position the turning tool, the shide move with no
load and under this circumstance. the motor can be driven with 1-2 phase’ excitation method
which vield lowered torque but with step size reduced to 400 steps per revolution. With this
in mind, the shide resolution s now 0.01 mm which is well within the requirement of turming
tool positioning.  The torque requirement for cut off operation will also must be determined
experimentally.  Test shows that the cross slide would require about 30 kg-cm of torque to
operate during cut oft cyvele. The operating speed is 20 rpm which correspond to step rate of
87 steps per second. The Sanyo Denkl stepping motor catatog shows that a hybrid type Step-
Syn motor type 89 two phase motor rumber 103-8920-26 have the operating torque of 49
kg-cm at step rate of 87 step per second and this motor is selected for this drive. The safety
factor for this motar is 1.63. The stepper motor is driven by a set of power transistors which
are optically linked to the controller. The operation of step motor 15 open loop and a
reference position is required.  This reference position is detected with a short stroke Tinut
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