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INVERTER THREE PHASE OF INDUCTION MQTOR

DUSIT SUKSAWAT

MONTORN VIRACHSILP

APIRAK CHANTARAVORAPAN
ITTIROD  BOONPRASERTSRI
APICHAT TERMSAREEKUN
PICHIT LUMYONG Advisor
1995

ABSTRACT

This report presents using 16 bit Microcontroller to directly generate the Pulse
width modulation pattern based on the voltage space vector and switching by IGBT
at high frequency. The Microcontroller gives the perfect data and operates with high
speed .It has more efficiency than 8 bit Microcontroller. Implementation is done by
* using 16 kHz which is sufficient high quality sine wave. Experimental results verify
the feasibility of the proposed system.
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1.

Introduction

The insulated gate bipolar transistor (IGBT) is
increasingly being used in small, low-noise, high-
performance power supplies, inverters, uninter-
ruptable power supplies (UPS), and motor speed

controls,

Fuji’s Hybrid IC driver for IGBTs was developed to

take full advant

age of the {GBT.

3. Applications

»  Servo control

Welding machines

4. Comprehensive Chart

General-purpose inverter and motor control

Uninterruptable power supplies (UPS}

2. Features

Various series

Standard series: For up to 10 kHz operation
High-speed series: For up to 40 kHz operation
These series cover the full range of |GBT products.

Built-in photocoupler for high isolation voltage: 2500
AC for one minute

Single supply operation

Built-in overcurrent protection circuit
Overcurrent detaction output

SIL package for high-density mounting

IGBT 600 V IGBT drive 1200 V IGBT drive
Up to 150A Up to 400A Up to 75A Up to 300A
Standard wype EXB850 EXB8S51 EXB850 EXB851
High-speed type EXB840 EXB841- EXB840 EXB841
Notes: 1. Standard type: Signal delay in drive circuit; Up to 4us (max.)
Z High-speed type: Signal delay in drive circuit: Up to 1.5us (max.)
5. Dimensions, mm
- EXB8S50 + EXB851
« EXB840 + EXB841
43 MAX 0 MAX S oA
: ) 3
L ]
f ; | T i |
. ' x
| ™| _Exmsst_ | . 3| S Exemar | 1 |
= . | 1z F |z
o~ 1 "
=TT 7T —=TYYYYTTYTTY 77
g'_— . il 4. 05 Z |3 _os l
Z| [ 10X2,5422540 | 7.62 254 { 03 2 s _l_ 5 93
o T 10x2.64u25.40 {762 | 254
D! 35.58 E) @L 35.58.7 B




EXB840 Appiication Circuits

EXB840 is a hybrid IC capable of driving up to
150A for 600 V IGBT and up to 75A for a 12Q0 V
IGBT. Since the signal delay in the drive circuit is
1tis or less, the hybrid IC is suitable for switching
at up to about 40 kHz.

Note the following when using the hybrid IC:

The IGBT's gate-emitter drive loop wiring must
be shorter than one meter.

The IGBT’s gate-emitter drive wiring should be
twisted.

If a large voltage spike is generated at the collec-
tor of the IGBT, increase the IGBT's gate series
resistor{RG).

Control circuit PC board

hn

EAAZ4-1C
* *3auf
— s 2 ’ . IGBT
< 10maA > 2 K
R
3
£XB8840
1
A1} 9 /TM'KOQ
ise ¥ uF
| 3 4
=lee

I

kLA
} lsolalﬁd pOwWe
supply

L l Tl..PS'.."l.2 of
equivalent

4.7 Q.

» The 33 uF (#) capacitor absorbs changes in the Oveesrem dncion ot :1= Fast recovery diode
supply voitage caused by the power supply 2 Photo coupler
wiring impedance. It is not a power supply filter
capacitor.

Ratings and Characteristics
Absolute maximum ratings (Ta = 25°C)
Item Symbol Condition Rating Unit
EXB850, EXB840 EXB851, EXB841
{Medium capacity) | (Large capacity)
Supply voltage Vece 25 v
Photocotaler input current lin 10 mA
Forward bias output current 1g1 PW w 2 ps, duty at Q.OS orless 1.5 4.0 A
Reverse bias output current 1g2 PW = 2 us, duty 6t 0.05 or less 1.5 4.0 A
Input/Output isolation voltage ViSO AC 50/60 Hz, 1 minute 2500 Vv
Operating surface temperature Tec -10 to +85 c
Storage temperature T stg ~25t0 +125 c
1 Recommended operating conditions
tem Symbol Recommended operating conditions Unit
Standard type High-speed type
EXBBSO | EXBSS1 | EXBB4O | EXB8AI
Supply voltage Vee 2021 v
Phatocoupler input current lin . 5 ' 10 mA




EXB840, 841

5

Photo-
coupler

L

P

Overcurrent
protection
circuit

Notation common to all EXB series

Pin number

Description

Connected to smoothing
capacitor for reverse bias
power supply

Power supply (+20 V)

Drive output

For connecting an external
capacitor to protect against
malfunction of the overcur-
rent protection circuit. (The
capacitor is not needed in
most cases.)

Overcurrent detection output

Collector voltage monitoring

Not connected

Power supply (0 V)

Not connected

Drive signai input (-}

Drive signal input (+)

Recommended gate resistance and current consumption

IGBT rating| 600V 10A 15 A 30A 50 A 75 A 100 A 150 A
1200 V - 8A 15 A 25 A — 50 A 75 A
RG 250 Q 150 Q 820 50 Q 30 25 Q 150
lce 5 kHz 17 mA 19 mA
17 mA
10 kHz 18 mA 22 mA
15 kHz 18 mA 20 mA 25 mA



9.

1

Operation
Qutline

The following built-in functions maks the fullest
use of the IG 8T.

Signal isojation circuit

Drive amplifier

Overcurrent detector

Low speed overcurrent cut-off circuit
Gate tumn-off power supply

Signal isolation circuit

A photocoupler with a high isolation voltage is
used for signal isolation. Therefore, this hybrid
IC can be used in devices powered from 480 V
AC. .

High-speed or general-purpose photocoupiers

are selected according to the specifications of the

hybrid IC because the drive circuit signal delay
depends on the photocoupler characteristics.

Overcurrent detector

The IGBT can withstand an overcurrent of only
10us duration when short-circuited. An ex-
tremely fast protection circuit is necessary for

. -this reason.

This hybrid IC incorporates an overcurrent
protection circuit. An overcurrent is detected
according to the relationship between the drive
signal and the collector voltage.

The principle of overcurrent detection is shown at

the right. An overcurrent is considerad present

when the collector voitage is high although an on

signal is inputted.

Vce low Vee high
On signai Normal Overcurrent
Off signal -— Normal

4

Low-speed overcurrent cut-off circuit

A low-speed cut-off circuit slowly turns off the
IGBT in response to an overcurrent.

Whaen an overcurrent is cut off at normal drive
speed, the collector voltage spike generated is
large enough to damage the IGBT.

The low-speed cut-off circuit protects the |GBT
against damage.

(The low-speed cut-off circuit does not operate
for overcurrents of 10 us or less duration.)

4 -- -
l @
Overcurrent "

protection
circuit

AND

Ic
Slow overcurrent
cut-off
lc Quick cut-off

for normal state




5 Gate turn-off power supply

The IGBT needs a +15 V on-gate voitage to get a

low on-volitage and -5 V off-gate voltage to 15V D) -
protect against malfunction in the off state. .

This is a built-in circuit which generates a con-

‘stant-voltage supply from the 20 V supply for 0V <+———@) 20V
IGBT gate turn-off.

Do not apply external voltage to pin 1. &

5V 4___@ _—

ExBg(JO - l I

10. Notes 5@ @@@@@@

1 Separation of input circuit from output circuit

Keep the wiring of the input circuit (photocou- Input
pler) away from the output circuit wiringto

assure that the proper dielectric strength and

high noise resistance are maintained.

“Separated Output -

2 Use under recommended operating conditions

The IGBT works best if the recommended operat-
ing conditions driven in Section 7 are observed.

* Note that an excessive drive supply voltage could L W,
damage the IGBT due to excess IGBT gate volt-
age, and that an insufficient drive voltage could s
abnormally increase the IGBT’s ON voltage. P £

* Note that an excessive input current could
increase the signal delay in the drive circuit, and
that an insufficient input current could cause
unstable operation of the drive circuit.

* Note that an insufficient gate resistance can
increase the switching noise of the IGBT and
freewheeling diode.

* Note the points above where the recommended
operating conditions cannot be observed.



1. Operating Waveforms

EXB850

Operating conditions
Vec =20V, lin = 4 mA, IGBT module: 2MB150-060

Test circuits

Input-output waveforms
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Drive
circuit

[
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Vo:
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S 50A

300V
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2 EXB841
Operating conditions

Vee =20V, lin = 10 mA, IGBT module: 2MB150-060

Test circuit
Input-output waveforms =50 A
—
20V
T IGBT gt
10mA ' K \\\ 17

O——— Drive
_J—L o——] circuit

A
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BRI | P -

B T

lin: 5mA/div. Vo : 5 V/div, 2 ps/div
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Waveforms at overcurrent are the same as for EXB851.

Waveforms at overcurrent

IGBT
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A

Drive
circuit
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IGBT MODULE

B45 & | Features

eZAXA vF ¥ High Speed Switching

¢ ZHFIR/E Low Saturation Voitage

e MANHY — FEM(MOSS — | #8:E) High Input Impedance
8T a—syh— Module Packaging

E%m Apphcatlons -

OARAA vri—% Géneral Purpose Inverter
o EBFVRRAER® Uninterruptible Power Supply
©AC, DCH~#7>7 AC-DC Servo Drive Amplifier
ORFERANIA v F >/ BE Switching Power Supplies
for Welding Machine
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CPU
HOF

RO:
PTSSEL:
PTSSRV:
INT_MASK:
INT_PENDING:
WATCHDOG:
INT_PEND1:
INT_MASK1:
WSR:

SP:
P2_MODE:
P2_DIR:
P2_REG:
P2_PIN:
AD_TIME:
AD_COMMAND:
AD_RESULT:
T1RELOAD:
T1CONTROL:
TIMER1:
T2CONTROL:
TIMERZ2:
PO_PIN:
P1_PIN:
AD_TEST:
PI_MASK:
PI_PEND:

"8096.
" IN"I’8"

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

TBL"

00H
04H
06H
08H
0SH
OAH
12H
13H
14H
18H
1FDOH
1FD2H
1FD4H
1FD6H
1FAFH
1FACH
1FAAH
1F72H
1F78H
1F7AH
1F7CH
1F7EH
1FA8H
1FASH
1FAEH
1FBCH
1FBEH

; CPU TABLE
; HEX FORMAT

; ZERO REGISTER

;HIGH SPEED TRIGGER TIME
;HSI STATUS REGISTERS

; INTERRUPT MASK

; INTERRUPT PENDING REGISTE]
; WATCHDOG TIMER REGISTER

;*********************

i MATH EQU
cEEEEEEERTEEE KRR R KRRk ok
SQR2X1000:
SQR3X1000:

PIX1000:
V_BASE:
VB_2NEG:

EQU
EQU
EQU
EQU
EQU

1414
1732
3142
2540
-1270

:*************************

; INTERNAL RAM FOR DATA



;*************************

ORG 0020H
V_STATOR: DFS 4
VD_STATOR: DFS 4
VQ_STATOR: DFS 4
TEMPL: DFS 4
F_STEP: DFS 4
F_STEP_L: EQU F_STEP
F_STEP H: EQU F_STEP+2
DW: DFS 4
DW1: DFS 4
DW1L: EQU DW1
DW2: DFS 4
DEC1: DFS 4
COUNT_DEC2: DFS 4
MX : DFS 2
ML: EQU MX
MH: EQU MX+1
V: DFS 2
F: DFS 2
THATA: DFS 2
AX: DFS 2
AL: EQU AX
AH: EQU AX+1
DISPLAY: DFS 2
COUNT_DEC: . DFS 2
AA: DFS 2
AQ: DFS 2
DO: DFS 2
D1: DFS %
D2: DFS 2
NO: DFS 2
N1: DFS 2
N2: DFS 2
TO: DFS 2
T1: DFS 2
T2: DFS 2
T3: DFS 2
T4: DFS 2
T5: . DFS 2
DEL_ANG: ) DFS 2
FSET: DFS: 2
ANG: DFS 2
LOOP_1: DFS 2
LOOP_2: DFS 2
DEL_BUFF: DFS 2
TEMP1: DFS 2
TEMP2 : DFS 2
Al: DFS 2
A2: DFS 2



A3:

AS:

A6 :

AT:

A8:

C_DWN:
F_NEW:
F_NEW_L:
F_NEW_H:
F_OLD:
F_DELTA:
TACC:
TDCC:
T_ACC_RUN:
T_DCC_RUN:
F_RUN:
F_MATH:

F_BREAK_MATH:
V_BREAK_MATH:

LOOP1:

LOOP2:

LOOP3:

LOOP4:

VSEGM:

ATER:

Ad:

INT_COT:

Al0:

All:

Al2:

Al3:
TEMP_P:
COUNT_DI:
FLAG_TIM:
TEMP_G:
M:

N:
X:
Y:

COUNT_DI2:

OUT_DIS:
DISP_Ul:
DISP_U2:
DISP_U3:
DISP_U4:
DISP_B1:
DISP_B2:
DISP_B3:
DISP_B4:
F_R:

DFS
DFS
DFS
DFS
DFS
DFS
DFS
EQU
EQU
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
* .DFS

DFS,

DFS
DFS
DFS
DFS
DFS
DFS

Pt R
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DATAOQ:
DATAL:
DATAZ2:
DATA3:
DATA4:
DATAS :
DATAG6:
DATAT :
DATAS:
DATA9:
DATA10:
M1:

M2:

M3:
UD_VOL:
EXT_STA:

BOOST:

T_ACC_READ:
T_DCC_READ:
AD_RESULT_ACC:

AD_RESULT_

F_RESULT:

DCC:

F_BREAK_READ:
V_BREAK_READ:

COUNT_DC1:
COUNT_DC2:
DC_STATUS :

ORG
DFB
DFB
ORG
DFB
DFB

DWL TIMER1_VEC

DI

DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS

2018H
OE4H
20H
201AH
ODEH
20H

DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS

‘ORG 2000H

ORG 203EH
DWL NMI_VEC
ORG 203AH
DWL WG_VEC
ORG 203CH
DWL EXT_VEC
ORG 2080H

STB RO,P2_MODE
STB RO,P2_DIR
1db temp_p,#10000000b

stb temp_p,p2_reg

e el e e o T = B S © i ORI Ry S R

b= s b e
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CCB

CCB1



;****************** INITIAL DISPLAY **®:xx**kkx*xkkkxkktk®

DELAY1C:

LDB
STB
LDB
STB

LDB
LDB
LDB
LDB
LDB
LDB
LDB
LDB
LDB
LDB
LDB
LD

LDB
LDB
STB
LDB
STB
LDB
LDB

LDB

LD SP, #01FAH
A4,#11100000B
A4, INT_MASK1
A4, #00000001B
A4, INT MASK
LDB A4,#00010001B
STB A4,PI_MASK
DATAO, RO
DATA1, #100
DATA2, #100
DATA3, RO
DATA4,RO
DATAS, RO
DATASG, #10
DATA7, #5
DATAS, RO
DATA9 , RO
DATA10,RO
AA,RO
M2,000100008

M3,#00101111B
M3,AD TIME

M3,RO

M3,AD_TEST

UD_VOL,
EXT_STA,RO

RO ;******************************
;******************************

ATER , #0FFH
LD C_DWN, #7B0OH

LDB
LDB
LDB

LDB
LDB
LDB
LDB

STB
STB

FLAG_TIM , #0H
COUNT_DI , #1H
COUNT_DI2 , #1H

M, #10000000B
N,#11000000B
X, #10000001B
Y,#11000001B

M,P2_REG
N,P2_REG

1d loop_2 , HO4EFFh

DEC

LOOP_2



JNE DELAY1C
STB M,P2_REG
STB X,P2_REG
STB Y,P2_REG
1d loop_2 , #O04EFFh

DELAYZ2C: DEC LOOP_2
JNE DELAY2C

STB X,P2_REG
LDB M, #10000010B
LDB N,#11000010B

LDB X,#10001100B
LDB Y,#11001100B

LCALL OUT_INITIAL

DIS_ON:
LDB M, #10000000B
LDB N, #110000008B
LDB X,#10001100B
LDB Y,#11001100B
LCALL OUT_INITIAL i
ENTRY :

LDB M, #10000000B
LDB N, #11000000B
LDB X,#10000110B
LDB Y,#11000110B ;ENTRY MODE SET

LCALL OUT_INITIAL

;****************** FINISH INITIAL DISPLAY *%*txf%x:xtktkkkrxt

FINISH: LD T1i,RO
LD T2,R0
LD T3,R0 .
LD A2, #0FAH
ST A2,WG_RELOAD
LD Al , #OE73FH

LD A3 , #0428H

LDB A4 , #00001101b
ST Al1,WG_OUT

STB A4 ,WG_PROTECT



LDB INT_COT, #8
ST A3,WG_CON

LDB Al2,RO
LDB Al3,RO
LDB F_R ,  #OFFH
LD THATA , RO
LDB BOOST , RO
LD V . RO
INRUSH_LOOP: LD LOOP_L., #26
INRUSHO : 1d loop_2 , #OFFFFh
INRUSH1 : DEC LOOP_2
JNE INRUSH1
DEC LOOP_1
JNE INRUSHO

FINISH_INRUSH:

CHART :

SET1:

SOL2:

START:

LD
LD
LD
LD
ST
ST
ST

1db temp_p,#00001111b
STB temp_p,P2_REG

nop

AA, RO

i U RO

e RO

T1, RO

ey WG_COMP1
T2, WG_COMP2
Py WG_COMP3

SJMP START

LDB TEMP_G, #00101111B
STB TEMP_G, AD_TIME

LDB TEMP_G, #00010000B
STB TEMP_G, AD_COMMAND

LD AA, AD_RESULT
NOP

NOP

JBS AA, 4, SOL2
LDB TEMP_G, AD RESULT+1
CMPB TEMP_G, #1

Jc START

SJMP SOL2 : CHART

LD - TACC, RO

LD TDCC, RO



GET_ACC_DCC:

GET_F:

DELTA_F:

TA_CHECK:

TEMP_LABEL_2:

LD

LD
LD
LD

LDB
LD

LDB
LDB
LDB

EI
LDB

INCB
LDB
MULUB

LDB
SHRB
INCB
LDB
MULUB

LD

LDBZE
SHR

CMP
Jc
CMP
JC
SJMP

SUB
JNC
SJMP

CMP
JNC
CMP
JNC

PUSHF
LCALL

F_STEP_L,
F_STEP H,
F_RUN, RO
F_OLD, RO
F_NEW, RO

All, #4
AX, RO

COUNT_DC1,
COUNT_DC2,
DC_STATUS,

AD_RESULT_ACC,
AD_RESULT_ACC,
AD_RESULT_ACC
T_ACC_READ,
T_ACC_RUN,

AD_RESULT_DCC,
AD_RESULT_DCC,
AD_RESULT_DCC
T_DCC_READ,
T_DCC_RUN,

F_OLD,

F_NEW, DATA0
F_NEW, #1
F_MATH,

F_NEW,
DELTA_F
F_OLD,
DELTA_F
TA_CHECK

F_OLD

F_NEW

F_DELTA,
DCC_RUN
ACC_RUN

TACC, RO
FRUN_ACC
TDCC, RO
FRUN_DCC

F_MOTOR

F_NEW_L,

RO
RO

;F= 0-127 Hz

#50
#30
RO

DATA1l
#1

AD_RESULT_ACC
T_ACC_READ, #12

DATAZ2
#1

AD_RESULT_DCC
T_DCC_READ, #12

F_NEW

#255

F_MATH,



ACC_RUN:

FRUN_ACC:

DCC_RUN:

FRUN_DCC :

CHECK_DC_BREAK:

TEMP_LABEL3:

POPF
SJIMP

LD

LD
DIVU
INC

ADD

PUSHF
LCALL
POPF
DEC

CMP
JC
SJMP

LD

NOT
INC

LD
LD
DIVU
INC

LD

LD
LDB
LDB
SHRB
LDB
SHRB
MULUB
MULUB

cMpP
JLE
LJMP

LJMP

GET_ACC_DCC
TACC, T_ACC_RUN
F_STEP_H, RO

F_STEP_L, F_DELTA
F_STEP, T_ACC_RUN

F_STEP_L

F_RUN, F_STEP L

F_MOTOR
TACC
TACC, RO

GET_ACC_DCC
GET_ACC_DCC

TDCC, T_DCC_RUN

F_DELTA
F_DELTA

F_STEP_H,

RO

F_STEP_L, F_DELTA
F_STEP, T _DCC_RUN

F_STEP L

F_BREAK MATH,
V_BREAK MATH,
DC_STATUS,

F_BREAK_READ,
F_BREAK_READ,
V_BREAK_READ,
V_BREAK_READ,
F_BREAK_MATH,
V_BREAK_MATH,

RO

RO

RO

DATA7

#3

DATA6

#3

F_BREAK_READ,  #255
V_BREAK_READ,  #22

F_RUN, F_BREAK_MATH

TEMP_LABEL3
FRUN_DCC_NOR

DC_BREAK



FRUN_DCC_NOR: SUB F_RUN, F_STEP L

TEMP_LABEL1 :

F_MOTOR:
MAINPROG:

PUSHF
LCALL F_MOTOR
POPF

DEC TDCC

CMP TDCC, RO
JC TEMP_LABEL1

SJMP GET_ACC_DCC
LJMP GET_ACC_DCC

EI

LDB INT_COT, #8
LD F, F_RUN

START_2:  SUB Wil poP
JLT FIND_V -
LD v , #2200

SJMP FIND_DEL

FIND V: 1db boost , data3
LDB TEMP_G , BOOST
SHRB TEMP G , #2
MULUB W2 , TEMP_G , #10
MULUB W3,TEMP_G, #5
DIVUB W3, #11
LD DISP_B1,W3
LD W3 ) #2200
SUB w3 . w2
DIVUB W3 , #50
CLRB W3+1
MULU DW1 ~ _ W3
DIVU DW1 ’ #OFFH
LD W3 , DW1L
ADD \% . W3
FIND_DEL: MULU DW1 , F

DIVU DwW1 . #1000

, #31CEH

. #8



LD Wl , DW1L

1db f r, data$s

LDB DISP_B2,F_R

JBC F_R , 7 , REW
FOR: ADD THATA , Wil

SJMP FIND_VQ
REW: SUB THATA , Wl

LJMP FIND_VQ

DC_BREAK:
LDB DC_STATUS,  H#OFFH
LD V,  V_BREAK MATH
LD THATA ~, #0400H
EI
FIND VQ:
AND THATA ,  #OFFFH
MUL DW2 . THATA ,#2H
LD W2 ,  DW2 :
ADD w3 TP W' , #5SINADDR
LD Wl Va7 1w
MUL VQ_STATOR .V W1
DIV VQ_STATOR .  HTFFFH
CLR VQ_STATOR+2
SIN_COS:  SUB w3 ,THATA ,  #400H
AND w3 ., #OFFFH
- MUL DW2 Y w8 , #2H
LD W2 ., Dw2
FIND_VD:  ADD w3 . w2 , #SINADDR
LD Wl . [W3]
MUL VD_STATOR .V W1
DIV VD_STATOR .  HTFFFH
CLR VD_STATOR+2

NORM1: LD TEMP1,VD_STATOR
CLR VD_STATOR+2
LD TEMP2,VQ_STATOR
CLR VQ_STATOR+2
JBC TEMP1+1,7,POS_VALUE ;



NEG TEMP1
POS_VALUE: MUL TEMPL,TEMP1, #1732
DIV TEMPL, #1000
JBS VQ_STATOR+1,7,VQ_NEG
JBC VD_STATOR+1,7,VQD_NEG
CMP VQ_STATOR, TEMPL
JC VD2_L V02
LDB VSEGM, #1
SJMP SEL_WEC
VD2_L_VO2: LDB VSEGM, #2
SJMP SEL_WEC
VQD_NEG:
CMP VQ_STATOR, TEMPL
JC VD2 L
LDB VSEGM, #3
SJMP SEL_WEC
VD2_L: LDB VSEGM, #2
SJMP SEL_WEC
VQ_NEG:
NEG TEMP2
JBS VD_STATOR+1,7,VD_NEG
CMP TEMP2, TEMPL
JNC VD2_L_V021
LDB VSEGM, #6
SJMP SEL_WEC
VD2_L_V021: LDB VSEGM, #5
SJMP SEL_WEC
VD_NEG:
CMP TEMP2, TEMPL
JC VD2_L1
LDB VSEGM, #4
SIJMP SEL_WEC
VD2_L1: LDB VSEGM, #5

SEL_WEC:
MUL VQ_STATOR, #90H
MUL VD_STATOR, #0FAH
VSEG6: CMPB VSEGM, #6
JNC VSEGS5
CLRC
ADD VD_STATOR,VQ_STATOR
ADDC VD_STATOR+2,VQ_STATOR+2
DIV VD_STATOR,#V_BASE ; 2°8 * 10 DEL 2200
CLR VD_STATOR+2
ST VD_STATOR,N1
DIV VQ:STATOR, #VB_2NEG ; -[(2°8)/2]*10
CLR VQ_STATOR+2 )
ST VQ_STATOR, N2
ADD TEMP1,N1,N2
LD NO, #250



VSEG_4:
VSEG5S:

VSEG_3:
VSEG4 :

SUB NO,TEMP1
SHR NO,#1
LD T3,NO
ADD N1,NO
LD TZ2,N1
ADD N2,N1
LD T1,N2
SJMP OUT_WG

SJMP VSEG4

CMPB VSEGM, #5
JNC VSEG_4
LD TEMPL,VD_STATOR
LD TEMPL+2,VD_ STATOR+2
SUB TEMPL,VQ STATOR
SUBC TEMPL+2,VQ STATOR+2
DIV TEMPL, #V_BASE
CLRC
ADD VD_STATOR,VQ_STATOR
ADDC VD_STATOR+2,VQ STATOR+2
DIV VD_STATOR, #V_BASE
NEG VD_STATOR
CLR VD_STATOR+2
ST VD_STATOR, N1
CLR TEMPL+2
ST TEMPL,N2
ADD TEMP1,N1,N2
LD NO,#250
SUB NO,TEMP1
SHL NO, #1
LD T2,NO
ADD N1,NO
LD T3,N1
ADD N2,N1
LD T1,N2
SJMP OUT_WG
SJMP VSEG3

CMPB VSEGM, #4
JNC VSEG_3

LD TEMPL,VQ_STATOR

LD TEMPL+2,VQ_STATOR+2
SUB TEMPL,VD_STATOR
SUBC TEMPL+2,VD_STATOR+2
DIV TEMPL, #V_BASE

ST TEMPL,N2

DIV VQ_STATOR, #VB_2NEG
ST VQ_STATOR,N1

ADD TEMP1,N1,N2



VSEG_2:
VSEG3:

VSEG_1:
VSEG2:

LD NO, #250

SUB NO,TEMP1

SHL NO, #1

LD T2,NO

ADD N1,NO

LD T1,N1

ADD N2,N1

LD T3,N2

SJMP OUT_WG
SJMP VSEG2

CMPB VSEGM, #3
JNC VSEG_2

CLRC

ADD VD_STATOR,VQ_STATOR
ADDC VD_STATOR+2,VQ_STATOR+2
DIV VD_STATOR, #V_BASE
NEG VD_STATOR

ST VD_STATOR,N2

SHLL VQ_STATOR, #1

DIV VQ_STATOR, #V_BASE
ST VQ_STATOR,N1

ADD TEMP1,N1,N2

LD NO, #250

SUB NO,TEMP1

SHR NO, #1

LD T1,NO

ADD N1,NO

LD T2,N1

ADD N2,N1

LD T3,N2

SJMP OUT_WG

SJMP VSEG1

CMPB VSEGM, #2
JNC VSEG_1

LD TEMPL,VQ_STATOR

LD TEMPL+2,VQ_STATOR+2
SUB TEMPL,VD_STATOR
SUBC TEMPL#2, VD_STATOR+2
DIV TEMPL, #V- BASE

CLRC .-

ADD VD_STATOR,VQ_STATOR
ADDC VD_STATOR+2,VQ_STATOR+2
DIV VD_STATOR, #V_BASE
ST VD_STATOR,N2

ST TEMPL,N1

ADD TEMP1,N1,N2



VSEG1:

LD NO, #250
SUB NO,TEMP1
SHR NO, #1

LD T1,NO

ADD N1,NO

LD T3,N1

ADD N2,N1

LD T2,N2
SJMP OUT_WG

SUB VD_STATOR,VQ STATOR
SUBC VD_STATOR+2,VQ_STATOR+2
DIV VD_STATOR, #V_BASE

ST VD_STATOR,N1

SHLL VQ_STATOR, #1

DIV VQ_STATOR, #V_BASE

ST VQ_STATOR,N2

ADD TEMP1,N1,N2

LD NO, #250
SUB NO,TEMP1
SHR NO, #1
LD T3,NO
ADD N1,NO
LD T1,N1
ADD N2,N1
LD T2,N2
LD $ < F_RUN
DIVUB  AX, #OFFH
LDB DISP_U1,
LDB DISP_UZ,
LDB DISP_U3,
LDB DISP_UA4,
LDB DISP_B3,
LDB DISP_B4,

DELAY_DISPLAY: DECB COUNT_DIZ2

DISPLAY_PART:

JE DISPLAY_PART
LJMP FINISH_LCD

LDB COUNT_DIZ , #5H

DECB COUNT_DI

T
IE:A

_RESULT_ACC
_RESULT_DCC
REAK_READ
REAK_READ

2

_B
B

< '

JBS FLAG_TIM, 0 , DISPLAY_PART

JBS COUNT_DI , 0 , to_SENDXY

JE TO_SETADDR_U1l



SUBB TEMP_G , COUNT DI , #50
JE TO_SETADDR_U2
SUBB TEMP_G , COUNT_DI , #42
JE TO_SETADDR_U3
SUBB TEMP_G , COUNT_DI , #34
JE TO_SETADDR_U4
SUBB TEMP_G , COUNT_DI , #26
JE TO_SETADDR_B1
SUBB TEMP_G , COUNT DI , #20
JE TO_SETADDR_B2

SUBB TEMP_G , COUNT_DI , #18
JE TO_1ST_FR
SUBB TEMP_G , COUNT DI , #16
JE TO_2ND_FR
SUBB TEMP_G , COUNT DI , #14
JE TO_3RD_FR

SUBB TEMP_G , COUNT.DI , #12
JE TO_SETADDR_B3
SUBB TEMP_G , COUNT DI , #6
JE TO_SETADDR_B4

LJMP CAL
to_sendxy: ljmp send_xy
TO_SETADDR_U1i: LJMP SETADDR_U1
TO_SETADDR_U2: LJMP SETADDR_U2
TO_SETADDR_U3: LJMP SETADDR_U3
TO_SETADDR_U4: LJMP SETADDR_U4
TO_SETADDR_B1: LJMP SETADDR_B1
TO_SETADDR_B2: LJMP SETADDR_B2

TO_1ST_FR: LJMP ST_FR
TO_2ND_FR: LJMP ND_FR
TO_3RD_FR: LJMP RD_FR

‘TO_SETADDR_B3: LJMP SETADDR_B3
TO_SETADDR_B4: LJMP SETADDR_B4

LJMP CAL

SETADDR_U1: EI
LDB COUNT_DI, #58
LD COUNT_DEC2 , #100
CLR COUNT_DEC2+2
LDB DEC1 , DISP Ul
CLRB DEC1+1
CLR DEC1+2
LDB M, #00001000B
LDB N, #01001000B
LDB X, #00000000B
LDB Y,#01000000B :SET ADDR



SETADDR_U2:

SETADDR_U3:

SETADDR_U4:

SETADDR_B1:

LJMP SEND_MN

EI

LD COUNT_DEC2 , #100
CLR COUNT_DEC2+2
LDB DECl1 , DISP_U2
CLRB DEC1+1

CLR DEC1+2

LDB M, #00001000B
LDB N, #01001000B
LDB X,#00000100B
LDB Y,#01000100B
LJMP SEND_MN

EI

LD COUNT_DEC2 , #100
CLR COUNT_DEC2+2
LDB DEC1 , DISP_U3
CLRB DEC1+1

CLR DEC1+2

LDB M, #00001000B
LDB N, #01001000B
LDB X,#00001001B
LDB Y, #01001001B
LJMP SEND MN

EI
LD COUNT_DEC2 , #100
CLR COUNT_DEC2+2

LDB DEC1 , DISP U4
CLRB DEC1+1

CLR DEC1+2

LDB M, #00001000B

LDB N, #01001000B

LDB X, #00001101B

LDB Y, #01001101B
LJMP SEND_MN

EI
LD COUNT_DEC2 , #10
CLR COUNT_DEC2+2
LDB DECl , DISP_Bl
CLRB DEC1+1

CLR DEC1+2

LDB M, #00001100B
LDB N, #01001100B
LDB X, #00000001B
LDB Y, #01000001B
LJMP SEND_MN

;SET ADDR

; SET ADDR

;SET ADDR

; SET ADDR



SETADDR_B2: EI

LDB M, #00001100B
LDB N, #01001100B
LDB X,#00000100B
LDB Y,#01000100B
LJMP SEND_MN

ST_FR: EI

;SET ADDR

JBC DISP_B2 , 7 , ST_REV

LDB M, #00010100B
LDB N,#01010100B
LDB X, #00010110B
LDB Y,#01010110B
LJMP SEND MN
ST_REV: LDB M, #00010101B
LDB N,#01010101B
LDB X, #00010010B
LDB Y,#01010010B
LJMP SEND MN
ND_FR: EI

JBC DISP_B2 , 7 , ND _REV

LDB M, #00010110B
LDB N, #01010110B
LDB X,#00011111B
LDB Y,#01011111B
LJMP SEND MN
ND_REV: LDB M, #00010110B
LDB N,#01010110B
LDB X,#00010101B
LDB Y,#01010101B
LJMP SEND _MN
RD_FR: EI

; 0

JBC DISP_B2 , 7 , RD_REV

LDB M,#00010111B
LDB N,#01010111B
LDB X, #00010010B
LDB Y,#01010010B
LJMP SEND_MN
RD_REV: LDB M, #00010111B
LDB N, #01010111B
LDB X,#00010110B
LDB Y, #01010110B
LJMP SEND_MN

SETADDR_B3: EI

LD COUNT_DEC2 , #10
CLR COUNT_DEC2+2
LDB DEC1 , DISP_B3
CLRB DEC1+1



CLR DEC1+2
LDB M, #00001100B

LDB N, #01001100B

LDB X,#00001010B

LDB Y, 4010010108 :SET ADDR
LJMP SEND_MN

SETADDR_B4: EI
LD COUNT_DEC2 , #10
CLR COUNT_DEC2+2
LDB DEC1 , DISP B4
CLRB DEC1+1
CLR DEC1+2
LDB M, #00001100B
LDB N, #01001100B
LDB X, #00001110B
LDB Y,#01001110B :SET ADDR
LJMP SEND_MN

CAL: EI
DIVU DEC1 , COUNT_DEC2
LDB OUT_DIS , DEC1
XCH DEC1 , DEC1+2
CLR DEC1+2
DIVU COUNT_DEC2 , #10

OPEN_LIB: ADDB OUT DIS #30H
LDB X OUT_DIS
ANDB X #00001111B
ORB X #00010000B
IDB Y X
ORB Y #01000000B
LDB M OUT_DIS
SHRB' M #4H
. ANDB M #00001111B
ORB M |, #00010000B
LDB N M
ORB N #01000000B
SEND_MN: STB M,P2_REG

STB N,P2_REG

LD wl , #45

ST wl, TIMER1

LDB TEMP_G, #10000010B
STB TEMP_G, T1CONTROL
LDB FLAG_TIM , #1



SEND_XY:

FINISH_LCD:

CIRZ2:
CIR3: LD

CMPB
JNC
LDB
STB
ANDB
LDB

LESS:

CHANEL_O0:

CHANEL_1:

CHANEL_2:

CHANEL_3:

CHANEL_4:

CHANEL_5:

CHANEL_6:

CHANEL_7:

CHANEL_S8:

LJMP FINISH_LCD

EI
STB X, P2_REG

STB Y, P2_REG

LD wl , #45

ST wl , TIMER1

LDB TEMP_G, #10000010B
STB TEMP_G, T1CONTROL
LDB FLAG_TIM, #1

CMPB INT_COT,RO
JE CIR2
SJMP FINISH_LCD

MX ,AD_RESULT

M2, #00011011B

LESS

M2, #00010000B

M2,AD_COMMAND
ML, #00001111B

M1,ML

CMPB M1, #0
JNE CHANEL 1
LDB DATAO,MH
CMPB M1, #1
JNE CHANEL_ 2
LDB DATA1,MH
CMPB M1, #2
JNE CHANEL_3
LDB DATA2,MH
CMPB M1, #3
JNE CHANEL 4
LDB DATA3,MH
CMPB M1, #4
JNE CHANEL_5
LDB DATA4 ,MH
CMPB M1, #5
JNE CHANEL_6
LDB DATAS,MH
CMPB M1, #6
JNE CHANEL_7
LDB DATAS6,MH
CMPB M1, #7
JNE CHANEL_8
LDB DATA7,MH
CMPB M1, #8



JNE CHANEL_9
LDB DATAS ,MH
CHANEL_9: CMPB M1, #9
JNE CHANEL_10
LDB DATAS,MH
CHANEL_10: CMPB M1, #10
JNE COMPLET
LDB DATA10,MH
CHK_UNDER_VOLTAGE:
JBC DATAS

, 6 COMPLET

LDB UD_VOL , #0FH
COMPLET :

INCB M2

JBS  DC_STATUS, 7,

LDB INT_COT, #8
DJNZ All, LONG_F

LDB All, #a
RET
LONG_F:
LJMP F_MOTOR
DC_BREAK 1:
LDB INT_COT, #8
DJNZ COUNT_DC1,
DJNZ COUNT_DC2,
LDB COUNT_DC1,
LDB COUNT_DC2,
LDB DC_STATUS,
LJMP CHART
DC_BREAK_ 2: LJMP DC_BREAK
WG_VEC: PUSHA
DECB INT_COT
POPA
RET
NMI_VEC: PUSHA
LDB INT_MASK1l, #01000000B
LDB Al13 , #01000000B
STB A13 , INT_PEND1
EI
POPA
RET

EXT_VEC:
PUSHA

DC_BREAK_1

+F_MOTOR

DC_BREAK_2
DC_BREAK 2

#50
#30
RO



LDB  EXT_STA , #OFH
POPA
RET

TIMER1_VEC: PUSHF
LDB TEMP_P, #00000010B
STB TEMP_P, T1CONTROL
JBS COUNT_DI , 0 , CLOSE_X
STB M , P2_REG
SJMP END_TIMER
CLOSE_X: STB X , P2_REG
END_TIMER: LDB FLAG_TIM, #OH
POPF
RET

PREEREEEERERXXLLLA222LLR R4 XXLLFOR INITIAL DISPLAY*VVVVVVVV

OUT_INITIAL: STB M,P2_REG
STB N,P2_REG

1d loop_2 , #03FFh
DELAY_INI_MN: DEC LOOP_2 :

JNE DELAY INI MN

STB M,P2_REG
STB- X,P2_REG
STB Y,P2 REG

1d loop_2 , #03FFh
DELAY_INI_XY: DEC LOOP_2

JNE DELAY_INI_XY

STB X,P2_REG ;END® ENTRY
RET
PEFREXXEFELEERX XL ELLEEEE XX EXFOR INITIAL DISP#~ "~~~ ~~~~~~nraa
ORG 40A0H

SINADDR:
DWL 0 »90 ,101 ,151 ,201 ,251 ,302 ,352 402 ,452
DWL 503 ,553 ,603 ,653 ,704 ,754 ,804 ,854 ,905 ,955
DWL 1005.1055,1106,1156,1206,1256,1307,1357,1407,1457
DWL 1507,1558,1608,1658.1708.1758,1809,1859,1909,1959
DWL 2009,2060,2110,2160,2210,2260,2310,2360,2411,2461
DWL 2511.2561,2611,2661,2711,2761.2811,2861,2912,2962
DWL 3012.3062,3112,3162,3212,3262,3312,3362,3412,3462
DWL 3512,3562,3612,3662,3712,3762,3812,3861.3911.3961



DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DwWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL

4011,4061,4111,4161,4211,4260,4310,4360,4410,4460
4510,4559,4609,4659,4709,4758,4808,4858,4907,4957
5007,5057,5106,5156,5205,5255,5305,5354, 5404, 5453
5503,5553,5602,5652,5701,5751,5800,5850, 5899, 5948
5998,6047,6097,6146,6195,6245,6294,6343,6393,6442
6491,6541,6590,6639,6688,6737,6787,6836,6885,6934
6983,7032,7081,7130,7180,7229,7278,7327,7376,7425
7473,7522,7571,7620,7669,7718,7767,7816,7864,7913
7962,8011,8059,8108,8157,8206,8254,8303,8351,8400
8449,8497,8546,8594,8643,8691,8740,8788,8836,8885
8933,8982,9030,9078,9127,9175,9223,9271,9319, 9368
9416,9464,9512,9560,9608,9656,9704,9752,3800,9848
9896,9944,9992,10040,10088 ,10135,10183,10231,10279,10326
10374,10422,10469,10517,10565,10612,10660,10707,10755, 10802
10850,10897,10945,10992,11039,11087,11134,11181,11228,11276
11323,11370,11417,11464,11511,11558,11605,11652,11699,11746
11793,11840,11887,11934,11980,12027,12074,12121,12167,12214
12261,12307,12354,12400,12447,12493,12540,12586,12633, 12679
12725,12772,12818,12864,12910,12957,13003,13049,13095,13141
13187,13233,13279,13325,13371,13417,13463,13508,13554, 13600
13646,13691,13737,13783,13828,13874,13919,13965,14010, 14056
14101,14146,14192,14237,14282,14327,14373,14418, 14463, 14508
14553,14598,14643,14688,14733,14778,14823,14867,14912, 14957
15002,15046,15091,15136,15180,15225,15269,15314,15358, 15402
15447,15491,15535,15580,15624,15668,15712,15756,15800, 15844
15888,15932,15976,16020,16064,16108,16151,16195,16239,16282
16326,16369,16413,16456,16500,16543,16587,16630,16673,16717
16760,16803,16846,16889,16932,16975,17018,17061,17104,17147
17190,17233,17275,17318,17361,17403,17446,17488,17531,17573
17616,17658,17700,17743,17785,17827,17869,17911,17953, 17995
18037,18079,18121,18163,18205,18247,18288,18330,18372,18413
18455,18496,18538,18579,18621,18662,18703,18745,18786,18827
18868,18909,18950,18991,19032,19073,19114,19155,19195, 19236
19277,19317,19358,19399,19439,19479,19520,19560,19601, 19641
19681,19721,19761,19801,19841,19881,19921,19961,20001,20041
20081,20120,20160,20200,20239,20279,20318,20357.20397,20436
20475,20515,20554,20593,20632,20671,20710,20749,20788, 20827
20865,20904,20943,20981.21020,21059,21097,21136.21174,21212
21251,21289,21327,21365,21403,21441,21479,21517,21555,21593
21631,21668,21706,21744,21781,21819,21856,21894,21931, 21968
22006.22043,22080,22117,22154,22191,22228,22265,22302,22339
22375,22412,22449,22485,22522,22558,22595.22631,22668,22704
22740,22776,22812,22848,22884,22920,22956,22992,23028.23064
23099,23135,23170,23206,23241,23277,23312,23348.23383.23418
23453,23488,23523,23558,23593,23628.23663,23697,23732,23767
23801.23836,23870,23905,23939,23973,24008,24042.24076,24110
24144,24178,24212.24246,24279,24313,24347,24380,24414.24448
24481,24514,24548,24581,24614.24647,24680,24713,24746.24779
24812,24845,24878,24910,24943,24976,25008,25041, 25073, 25105
25138,25170,25202,25234,25266,25298,25330,25362, 25394, 25425



DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DwWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL
DWL

25457.25489,25520,25552,25583,25615.25646.25677,25708,25739
25771,25802,25833,25863,25894,25925,25956.25986,26017,26048
26078,26108,26139,26169,26199,26229,26259,26290,26320,26349
26379,26409,26439,26468,26498.26528,26557.26586,26616,26645
26674,26704,26733,26762,26791,26820,26848,26877,26906.26935
26963.26992,27020,27049,27077,27105,27133,27162,27190.27218
27246,27273,27301,27329,27357,27384,27412,27440,27467,27494
27522,27549,27576,27603,23630,27657,27684,27711,27738,27765
27791,27818,27844,27871,27897,27924,27950,27976,28002,28028
28054,28080,28106,28f32,28158,28183,28209,28234,28260,28285
28311,28336,28361,28386,28411,28436,28461,28486,28511,28536
28560,28585,28610,28634,28658,28683,28707,28731,28755,28779
28803,28827,28851,28875,28899,28922,28946.28970,28993,29016
29040.29063.29086.29109,29132,29155,29178,29201.29224}29247
29269,29292,29314,29337,29359.29381.29404,29426,29448,29470
29492,29514,29535,29557,29579,29600,29822,29643.29665,29686
29707,29729,29750,29771,29792,29813,29833,29854,29875.29895
29916.29936,29957.29977,29997,30018,30038,30058,30078,30098
30118,30137,30157,30177,30196,30216,30235,30254,30274,30293
30312,30331,30350,30369,30388,30407,30425,30444.30462,30481
30499,30518,30536,30554.30572,30590.30608,30626,30644,30662
30680.30697,30715,30732,30750,30767,30784,30801,30819.30836
30853,30869,30886,30903,30920,30936,30953,30969,30986,31002
31018,31034,31050,31067,31082,31098.31114,31130,31146.31161
31177,31192,31207,31223,31238,31253,31268,31283,31298.31313
31328,31342,31357,31372,31386,31400,31415.31429,31443,31457
31471,31485,31499,31513,31527,31540,31554,31568,31581,31594
31608,31621,31634,31647,31660,31673,31686,31699,31711,31724
31737,31749,31761,31774,31786,31798,31810,31822,31834,31846
31858,31870,31881,31893,31904,31916,31927,31938,31950.31961
31972,31983,31994,32005,32015,32026,32037,32047,32058,32068
32078,32088,32099,32109,32119,32129,32138,32148.32158,32167
32177.32186,32196,32205,32214,32224,32233,32242,32251,32259
32268,32277,32286,32294.32303,32311,32319,32328,32336,32344
32352,32360.32368.32376,32383,32391,32398,32406.32413.32421
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