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INVERTER 3 PHASE
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Project Report Adivisor Mr.Singhthong Patanasethanon

Acadenic 1994

Abstract

Presently, Motor has been used to widly in industrial
Particularly induction motor,because of instructure strong,small
and low-price. It has been developed for inverter and has been
efficiency. All told to limited able of device to drive motor.
But technology about computer has been developed. So inverter in
presently to make by microcomputer by used progame to control,
frequency for switching whitch before pulse width modulation
t2§et from of signal for limit of inverter to widly.Exam torque,
speed and velocity because frequency of harmonic has been
efficiency to fall down

@ist of this project to told principle make pulse wi-
dth modulation signal from Equal Area Technique. By control by

computer, result for harmonic frequency with inverter
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F Aniuindnyavieeniiieants  (Output Frequency)
] ‘ q(l
ST ANANINNTEININABINT (Switching Frequency)
P Arfsliuenianvesnaaud  (Frequency Modulation)
M AYAITENBUAINE TGN  (Amplitude Factor)
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M.sin(A) = (A=A)=(A-A)

(A-H)

Tau i=1,2,...,P



EQUAL AREA PWM TECHNIQUE

.

10 CLS : KEY OFF: SCREEN 0
DIM a(600), {600}, x{600), aw(600), +{600)
PRINT "Fullwave angle of Equal Area PWM."
INPUT "Qutput frequency "t
INPUT "Step per Fullwave = st
INPUT "Amplitude factor " m
INPUT “lteration loop " n
INPUT “Tolerence error " er

INPUT "Timer counter [THO] " t

fs =st*fy=2360/st
FORi=1TO st
xa=(-N"y:xb=i"y
pi = 3,14159: x1 = xa: x2 = xb: d = xb - xa
f1 = m * SIN{x1 * pi /180) - {{x1 - xa) - (xb - x1)) / d
f2 = m * SIN{x2 * pi [ 180) - {{x2 - xa) - {xb - x2)) / d
FORj=1TOn
x3 = (x1 + %2}/ 2
13 = m * SIN{x3 * pi / 180) - ((x3 - xa) - (xb - x3)} / d
IF ABS(x1 - x2) > er THEN 160
GOTO 220
160 IF (f3 * {1) > 0 THEN 190
x2 =x3: 12 =13
GOTO 200
190 x1=x311=13
200 NEXT |
PRINT "Error....": GOTO 300
220 af)) = x3: 1) = afi) / (360 * )
NEXT i

mv =(256-1) /2

FORi=1TO st

af) = 360 * f * i()

aw() = mv * (1 + m * SIN(afi} * pi / 180)): GOTO 245
245 NEXTi



247 INPUT *Display Fullwave switching angle, time data ly/n["; a$
IF a$ = "y" THEN 250
IF a$ = "n" THEN 260
IF a$ <> "y" AND a$ <> "n" THEN 247

250 PRINT “Count no.”, : PRINT " aw *, : PRINT "Angle®, : PRINT “tims”
FORi=0TO st
PRINT i, : PRINT USING "##.8H", awli); : PRINT ,
PRINT USING “### ###"; a(i); : PRINT , : PRINT USING “#t ####4#; 1)
NEXT i

260 INPUT "Print switching angle & time data {o pll'inter v/l a$
IF a$ = "y" THEN 265
IF a$ <> "y’ THEN 300
265 LPRINT “Fullwave angle ot Equal Area PWM."
LPRINT TAB(1); "Output frequency " f; "HZ";
LPRINT TAB(40); "Amplitude factor % m;
LPRINT TAB(1); "Step per Fullwave ° st;
LPRINT TAB(40); "Switching frequency”; fs; "Hz";
LPRINT TAB(1); "Timer counter [THOJ"; t;
LPRINT TAB(40); "Switching angle " v;
LPRINT :LPRINT"Count no."”:.LPRINTAW",:LPRINT"Chop angle®,:LPRINT Time"

FORi=0TO st

LPRINT i, : LPRINT USING "###.##" awf(i); : LPRINT ,

LPRINT USING “#ifi ###"; afi);: LPRINT ,: LPRINT USING "4 MHEHIHIG)
NEXT i

LPRINT : LPRINT

300 END



Fullwave angle of Mqgual Area PWM,
Dutput freguency
Step pex ¥Fullwave
Timer counter [THO] 24

Count no.

U W N O

10
11
12
1%
14
15
16
17
18
19
20
21
0
23
24
25
26
27
28
29
10
11
4

34
a5
A6
37
34
39
40
A1
no
aw
44
4%
a6
Al
A
49

AW
0

174

178,
120,
130,
131.
132,
132.
1334,
134,
134,
135,
135.
18 6
136.
137.
137.
138.
138,
56
138.
148,

138

139

139

AR

10 Hz

.00
116.
117,
118,
119,
120,
121,
122
123,
124.
125,
126,
170

51
53
53
54
558
Y4
51
49
45
38
30
21
()52
949
16
58
ah
09
21
49
15
76
34
88
38
a5
27
65
0o
30

1
95

07
1349,
139.
.19
139,
139,
138,
1348,
138,

16
20

14
0%
91
TA
51

240
127,
13T,
137.
136.
136,
135,

94
59
20

gy

30
19

144

Amplitude factor

.2

Switching flreguency 1440

Switching

Chop angle
0.000
1.270
3.770
6.270
8.770
11.309
13.809
~16.309
18.848
21.348
23.848
26.348
2R.887
WAL Ay
RALH8YT
36.387
38.926
41.426
43.926
46.426
48.926
51.465
3.965
56.465
58.965
61.465
63.965
66.465
68.965
11.504
74.004
76.504
79.004
81.504
84.004
86.504
89.004
91.504
94.004
96.504
99.004
101.504
104.004
106.504
109.004
111.465
113.965
116.465
118,965
121,465

angle

2.5

Time
0.
0.
0.
0.
0.
0,
0.

0

0.
0.
0.
0.
0.
0.
0.
0.
L010833
L011507
L012202
012896
033590
.014746
L014990
LO1KGRY
016379
.017074
017768
018462
L0198
019862
020557

-~
“

e osReleloloRe ol o NolloNeNe!

e e e e e e R N N o e o~ —
ST T T T oo T o T

000000
00053
oni1o0ay
0031742
00247316
nn331al
ND0ARAG
004530
00527%
005930
O06G2H
007319
008024
DOy 1N9
0094123
010107

02172401

L0214946
L 0272640
LO238149

L024029
024723
025418

L0261 D

.0z26807
L2750
L028196

L, D28R881090

L Opasng
030279
030962
03168

0323461

LO33046
033740

N



50
51
52
53
54
55
56
57
58

60
Gl
62
63
G4
65
66
677
68
(]
VAS)
71

C 12

13
14
%
76
')
VAL
1Y
20
g1
82
83
14
85
86
87
88
849
uQ
91,
a2
93
94
95
q6
"’I
ug
aqg
100
101
102
103
104

135.
134.
134,

133.

132.
131.

131.

130.
129.
128.
127.

127

126.
125.

124.

123.
122.
121

.20,
£ 119

*

118,
137
116,

115

113,
112.

24

66
05
40
71
99
24
48
67
84
99
1
23
a1
37
42

a7

49
50
L
B
51
b0

.50
114.

Wi 4

110.
109.
108.

107.
106.
105.
104.

104.
103.
102.
101.

100.

100.

99.

98

97.

97.
96 .
96.
ab,
95.
94 .
a4,
94 .
Q3.
93.
L2

93

49
48
48
50
L1
53
58
63
69
1
29
01
16
3
52
76
01
29
60
95
34
ThH
21
10
23
80
41
06

16,

49

123.965%
126.465
128.926

131.
133.
136.
138.
141.
143.
146.
148,

151

153.

156.
158.
161.
163.

166.

168

17,
16,
178.
181.
183,
186.
188,
191.
L9
196.
198.
201.
203.
206.
208.
211.
213.
216.

218

221,
271
226.

228
241

233.
236.

426
926
426
926
387
887
387
887
agn
848
348
848
348
809
309

.809
171,

270
770
270
770
230
730
230
7130
191
691
191
652
152
652
152
613
113
613
113

.613

074
574
074
574

.074

238,
200,

241,

246.
248,
.996
253.
. 996

2450

255

258.

535
035
535
035
535
035
%395

496

496

0
0

cCcoocooC

SISO C C C'CTDT,T"C'C T C I

0.

0

0.
0.

0.
0.
0.

0
0

0.
0.
0.
0.

L03443%
035124
LO3BRIN
.036507
.037202
.03789%¢6
.038590
.039274
.039969
LO040AR63
043257
L0420482
0427734
L043430
.044124
.044819
.045502
046197
L04G6R1]
LAY
LA 609
048964
.04964H8
.0503472
.051036
051731
.052424
L053109
LOBAKOM
L5498
L055181)
LO55876
L0O56570
057264
057944
.058643
.059337Y
060031
L060726
061410
0623104
L0627798
LO0B63490
0641RY
Q064871
.065568%
66044
067649
LOGRAGR
A6301R
069721
070416
071110
071804



1086
106

107
108
109
110
111
112
113
114
115
116
117
AR
179
120
121
122
123
174
125
176
ey
128
129
1130
131
142
133
134
135
136
137
138
139
140
141
142
143
144

91,
93,
92°
92.
92.
92.
92.
93.
93.
93
93.
94.
94.
94.
95
95.
96 .
96.
97.
977

98 . H
19
.91

99

94
100.
101
102,
103.
103.
104.
105.
106.
107.
108,
109,
110.
111,
112.
113.
114.
115,

09
9%
36
81
80
84
93

05

23

.44

70
00
as
T3

B )

62
12
66
24
85

65

.42

24
06
92
19
70
62
55

49
46
45
46
47
477
49

260
263
265

268,
270,
273,
275.
278.
280.
283.
285,
288.
291.
293.
296.
298,
301.
303.
306.
308,

311

313.
316.
318.

321,
323.
326.
328.
331.
333,
336.
338,
341.
343.
346.
348.
351,
353.
356.

358

. 996
496

996
496
996
496
896
496
996
496
996
496
035
535
035
535
035
535
035
535
L0
574
074
574
0749

3133
613
113
652
152
652
152
691
191
691
230
730
230
.7130

613.

z

0.072499
0.073193
0,073488
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0

0

0

074582
075277
075971
076666
077360
078054
078749
079443
080138
0808242
081538
082232
082926
08362
084315
085010
0R%704
086410
087104

LORTTG8
0.
0.
0.
0.
0.
0.
0.

08RAGH
ogaelIny
089893
090587
091281
091976
092681

093376
0.
.0894765
0.
0,
0.
0.
0.
0.
0.

094070

025470
096164
0686859
097564
098258
088953
NQ9Y9647)



Fullwave angle of Equal Area PWM.

Output frequency 20 Hz Amplitude factor .4
Step per Fullwave 72 Switching frequency 1440 Hz
Timer counter [THO] 24 Switching angle 5
Count no. AW Chop angle Time
0 0.00 0.000 0.000000
1 118.07 2.559 0.000355
2 122.17 7.637 0.001061
3 126.21 12.715 0.001766
4 130.18 17.793 0.002471
5 134.03 22.871 0.003177
6 137.78 27.988 0.003887
7 141.29 33.027 0.004587
3 144.63 38.105 0.005292
9 147.75 - 43.184 0.005998
10 150.62 48.262 0.006703
11 153.20 53.301 0.007403
12 155.49 58.340 0.008103
13 157.48 63.379 0.008803
14 159.15 68.418 0.009502
18 160.48 73.457 0.010202
16 161.47 78.496 0.010902
17 162.10 83.496 0.011597
18 162.38 88.496 0.012291
1% 162.31 93.496 0.012986
20 161.89 98.496 0.013680
21 161.13 103.457 0.014369
22 160.01 108.457 0.015063
23 158.58 113.418 0.015752
24 156.82 118.379 0.016442
25 154.76 123.340 0.017131
26 152.41 128.301 0.017820
27 149.81 '133.223 0.018503
28 146.94 138.184 0.019192
29 143.86 143.105 0.019876
30 140.57 148.027 0.020559
31 139,40 152.949 0.021243
32 133.48 157.871 0.021927
33 129.73 162.793 0.022610
34 125.87 167.715 0.023294
35 121.95 172.637 0.023977
36 117.98 177.559 0.024661
37 114.02 182.441 0.025339
38 110.05 187.363 0.026023
39 106.13 192.285 0.026706
40 1072.27 197.207 0.027390
41 98.52 202.129 0.028073
42 94.90 ) 207.051 0.028757
43 91.43 211.973 0.029441
44 88.14 216.895 0.030124
45 85.06 221.816 0.030808
46 82.19 226.7717 0.031497
47 79.59 231.699 0.032180
48 77.24 236.660 0.032869
49 75.18 241.621 0.033558



50
51

52
53
54
55
86
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

73.
71.

70

70

42
99

.87
70.
69.
69,
69.

11
69
62

90"
.53
71.
72.
74.
76.
78.
81.
84.
87.
90.
94.
= gF
101.
105.
109.
113.

52
85
52
51
80
38
25
37
71
22
97
82
79

83.

93

246.
251.

256.
261.
266.
271.
276.
281,
286.
291.
296,
301.
306.
311.
316.
321.

326

347

582
543

543
504
504
504
504
504
543
582
621
660
699
738
816
895

.973
332.
337.
342.
.285
36 %
357.

012
129
207

363
441

eNeoNoloRoNeNoNoNoNoNoNoNoNeloNeRolNeNolleRoRole)

. 034248
.034937

.035631
.036320
.037014
.037709
.038403
.039098
.039798
.040498
.041197
.041897
.042597
.043297
.044002
.044708
.045413
.046113
.046823
.047529
.048234
.048939
.049645



Fullwave angle of Equal Area PWM.

Output frequency 30 Hz Amplitude factor .6
Step per Fullwave 48 Switching frequency 1440 Hz
Timer counter [THO] 24 Switching angle 7.5
Count no. AW Chop angle Time
0 0.00 0.000 0.000000
1 120.75 3.911 0.000362
2 130.12 11.704 0.001084
3 139.23 19.487 0.001805
4 147.91 - 27.290 0.002527
5 155.97 35.054 0.003246
6 163.28 42.788 0.003962
7 165.70 50.493 0.004675
3 175.13 58.169 0.005386
9 179.49 65.815 0.006094
10 182.70 73.403 0.006797
11 184.74 80.962 0.007496
12 185.58 88.491 0.008194
13 185.22 95.991 0.008888
14 183.70 103.433 0.009577
15 181.04 110.845 0.010263
16 177.32 118.228 0.010947
17 172.61 125.581 0.011628
18 166.98 132.905 0.012306
19 160.55 140.200 0.0129881
20 153.43 147.466 0.013654
21 145.74 154.702 0.014324
22 137.58, 161.938 0.014994
23 129.07 169.175 0.015664
24 120.39 176.382 0.016332
25 111.61 183.618 0.017002
26 102.93 190.825 0.017669
27 894.42 - 198.062 0.018339
28 86.26 205.298 0.019009
29 78.57 212.534 0.019679
30 71.45 219.800 0.020352
31 65.02 227.095 0.021027
32 59.39 234.419 0.021705
33 54.68 241.772 0.022386
34 50.96 249.155 0.023070
35 48.30 256.567 0.023756
36 46.78 264.0009 0.024445
37 46.42 271.5009 0.025140
38 47. 26 279.038 0.025837
39 49.30 286.597 0.026537
40 52.51 - 294.185 0.027239
41 56.87 301.831 0.027947
42 62.30 309.507 0.028658
43 68.72 '317.212 0.029371
44 76.03 " 324.946 0.030088
45 84.03 332.710 0.030806
46 92.77 340.503 0.031528
47 101.88 348.296 0.032250
48 111.25 356.089 0.032971



Fullwave angle of Equal Area PWHM.

output frequency 40 Hz Amplitude factor .8
Step per Fullwave 36 Switching frequency 1440 Hz
Timer counter [THO] 24 Switching angle 10
Count no. AW © Chop angle Time
O 0.00 0.000 0.000000
1 124.69 . 5.371 0.000373
2 141.76 16.113 0.001119
3 157.87 26.816 0.001862
4 172.42 37.441 0.002600
5 184.95 47.988 0.003333
6 195.06 58.418 0.004057
7 202.48 68.730 0.004773
8 207.07 78.926 0.005481
g 208.79 89.004 0.006181
10 205 .67 98.965 0.006873
%1 203.86 108.770 0.007553:
2 "197.56 118.496 0.008229
¥3 188.98 128.145 0.008899
14 178.48 137.676 0.009561
x5 166.31 147.168 0.010220
16 152.88 156.582 0.010874
17 138.52 165.957 0.011525
18 123.55 175.332 0.012176
19 108.45 : 184.668 0.012824
20 93.48 194.043 0.013475
21 79.12 203.418 0.014126
22 65.69 212.832 0.014780
23 53,52 222.324 0.015439
24 43.02 231.855 0.016101
25 34.44 241.504 0.016771
26 28.14 251.230 0.017447
é7 ’ 24.33 261.035 0.018127
28 23.21 270.996 0.018819
29 24.93 281.074 0.0198519
30 29.52 291.270 0.020227
31 36.94 - 301.5%582 0.020843
32 47.05 312.012 0.021667
33 59.58 . 322.559 0.022400
34 74.13 333.184 0.023138
35 90.24 343,887 0.023881
36 107.31 o 354.629 0.024627



Fullwave angle of Equal Area PWHM.

Output frequency 50 Hz Amplitude factor 1
Step per Fullwave 30 Switching frequency 1500 Hz
Tifmer counter [THO] 32 - 8witching angle 12
., Count no. AW Chop angle Time
0 0.00 0.000 0.000000
1 125.03 6.680 0.000371
2 150.38 20.039 0.001113
3 173.50 33.305 0.001850
4 163.02 46.336 0.002574
5 208.14 59.133 0.003285
6 218.33 71.695 0.003983
7 223.38 83.977 0.004665
8 223.39 95,977 0.005332
9 218.70 107.695 0:005983
10 209.74 119.227 0.006624
11 197.08 130.570 0.007254
12 181.37 141.727 0.007874
13 163. 30 152.742 0.008486
14 . 143.50 - 163.664 0.009092
15 122.57 174.586 0.009699
16 101.43 185.414 0.010301
17 80.50 196.336 0.010908
18 60.70 207.258 0.011514
19 42.63 218.273 0.012126
20 26.92 229.430 0.012746
21 14.26 240.773 0.013376
22 5.30 252.305 0.014017
23 0.61 264.023 0.014668
24 0.62 i 276.023 0.015335
25 5.67 288.305 0.016017
26 15.86 300.867 0.016715
27 30.98 313.664 0.017426
28 50.50 326.695 0.018150
29 73.62 339.961 0.018887
30 38.97 353.320 0.019629



Fullwave angle of Equal Area PWM.

Output frequency 60 Hz Amplitude factor 1
Step per Fullwave 24 Switching frequency 1440 Hz
Timer counter [THO] 24 Switching angle 15
Count no. AW Chop angle Time
0 0.00 0.000 0.000000
1 133.40 8.628 0.000399
2 166.43 25.767 0.001193
3 194.49 - 42.583 0.001971
4 215.36 58.931 0.002728
5 227.90 74.722 0.003459
6 232.00 - 89.985 0.004166
7 228.18 104.751 0.004850
8 217.41 119.048 0.005511
9 200.85 132.993 0.006157
10 179.83 146.616 0.006788
11 155,55 160.063 0.007410
12 129.40 173.364 0.008026
13 102.60 .186.636 0.008641
14 76.45 199.937 0.009256
15 52.17 213.384 0.009879
16 31.15 227.007 0.010510
17 14.59 240.952 0.011155
18 3.82 255.249 0.011817
19 0.00 270.015 0.012501
20 4.10 285.278 0.013207
21 16.64 301.069 0.013938
22 37.51 317.417 0.014695
23 65.57 334.233 0.015474
24 98.60 351.372 0.016267
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10 CLS : KEY OFF: SCREEN 0O
DIM t(1200), 31(1200), 3j2(1200), jr(1200), v(1200), s(1200)
PRINT TAB(20); "-=--weee—- MENU--~=======-- "+ PRINT : PRINT
PRINT TAB(20); "(1) Equal Area PWM. (10Hz)"
PRINT TAB(20); "(2) Egqual Area PWM.(20HZz)"
PRINT TAB(20); "(3) Equal Area PWM.(30Hz)"
PRINT TAB(20); "(4) Equal Area PWM. (40Hz)"
PRINT TAB(20); "(5) Equal Area PWM. (50Hz)";
PRINT TAB(20); "(6) Equal Area PWM.(60Hz)"
PRINT TAB(20); "(7) "
PRINT TAB(20); " "
PRINT TAB{(20); "=-=-mmmmmm e e e m o - = "

41 PRINT TAB(20); "Select Input (1 -7)";
INPUT n
IF n = 7 THEN END
IF n < 7 THEN 44
GOTO 41 '

44 CLS : KEY OFF: SCREEN O
IF n < 7 THEN S0

~e wme WO wme we me w8 me o

GOTO 44

90 PRINT "PWM.sampling current (EA.PWM.Technigue) ": GOTO 125

125 INPUT "Input File name"; n$: OPEN n$ FOR INPUT AS #1
INPUT "For output frequency "; m’
INPUT "No.angle in 1 cycle "\ B
INPUT "No.cycle be calculate "; cy
a=c¢cy *b

128 pi = 3.14159: r1 = 19.5: 11 = ,375: r2 = 150: 12 = .,022
PRINT : PRINT "Output PWM.frequency "; m; "Hz"
PRINT “"Total angle be calculated "; a '
PRINT "Excitation serie resistance [Rm]"; rl; "Ohm"
PRINT "Excitation serie Inductance [Lml]l"; 11; "Henry"
PRINT "Transfer serie resistance [Re]"; r2; "Ohm"
PRINT "Transfer serie Inductance [Le]"; 12; "Henry"
INPUT "Display Chopping time & current on CRT.{y/n]"; a$
IF asS = "y" THEN 130

IF as$ <> "y" THEN 140
130 jr(0) = 0: j1(0) = 0: 32(0) = 0: £(0) =0

PRINT " No. ", " time ", " current”
PRINT " 0 ", "0.000000", "0.000000"
FOR i = 1 TO a

INPUT #1, t(i)

y = 1 MOD 2
v(i) = 220 * y - 110
tp = t(i) - t(i - 1): ’"print"tp=";tp
tul = =-(r1 * tp / 11): ‘print"tul=";tul
tu2 = -(r2 * tp / 1l2): ‘print"tu2=";tu2

- o e - . e . G m - = e v e G n T S e e . e e W Gm = = A e = e = = Ma Gm S G M e W e e fae v e Wae M e e e e v e

Jl(i)=v(i)/ri*(1-BXP(tul))+ji(i-1)*
EXP(tul): 'print"ji(";i;")=";31(1)



J2(i)=v(i)/r2*(1-EXP(tu2))+j2(i-1)* :
EXP(tu2): 'print"j2(";i;")=";32(1i)
Jr(i) = ji1(i) + j2(i)
PRINT i,:PRINT USING"##.#####4#";t(1i);:PRINT,
:PRINT USING"+###. #####4" ;90 (1)
135 NEXT i

140 INPUT "Print Chopping time & current on print {y/n]"; a$
IF a$ = "y" THEN 150
IF a$ <> "y" THEN 250
150 GOSUB 1000
LPRINT " No."; " time ", " current"
LPRINT " O "; "0.000000", "0.000000"
FOR i = 1 TO a .
LPRINT i;:LPRINT USING" #4#. #####4";t(1);:LPRINT,
: LPRINT USING"+###. #####4"; Jjr(i)
NEXT i

250 INPUT"Solve of sampling current data for
FFT.program?{y/nl]"; a$
IF as$ ="y" THEN 270
IF as$ <> "y" THEN 375

270 j1(0)=0:j2(0)=0:jr(0)=0:jx=0:t(0)=0:s(0)=0:c=1
FOR i = 1 TO a
Yy = 1 MOD 2
v(i) = 220 * yv - 110
INPUT #1, t(i)
FOR k = ¢ TO n
s(k) = k * ¢cy / (m * n)
IF s(k) < t(i - 1) THEN 280
IF s(k) > t(i) THEN 290
tp=s(k)—t(i—1):tu1=—(r1*tp/11):tu2=-(r2*tp/12)

jl(k) = v(i)?rl*(l—BXP(tul))+j1(k-1)*EXP(tu1)
j2(k) = V(i) /r2*(1-EXP(tu2))+j2(k-1)* EXP(tu2)
jr(k) = ji(k) + j2(k)
280 ¢ = ¢ + 1: NEXT k -
290 ¢ = ¢ + 0: NEXT i
INPUT"Display sampling current data on CRT.?[y/n]";aS
IF as = "y" THEN 300
IF a$ <> "y" THEN 320
300 PRINT "Output PWM. frequency "; m; "Hz"
PRINT "Number of angle in 1 cyecle " a
PRINT "Number of sampling data ": n
PRINT " No. ", " time ", " current"
PRINT " 0O ", " 0.000000", " 0.000000"

FOR k = 1 TO n

PRINT k,:PRINT USING" ##. ##4##4" ;s(k);:PRINT,
; PRINT USING"-+###. ######"; jr(k)

NEXT k



320 INPUT "Print sampling current data on printer? {y/nl"; as$
IF as$ = "y" THEN 330

IF as$ <> "y" THEN 2375

330 GOSUB 1000

LPRINT : LPRINT TAB(1); "Number of sampling data ".on

LPRINT "No"; : LPRINT " Time ";: LPRINT,:LPRINT "Current"”

FOR k = 0 TO n

LPRINT k;:LPRINT USING "##.######",; s(k); : LPRINT ,
LPRINT USING "+###.####4##"; Jr(k)

NEXT k

375 INPUT "Do you want to calculate again ? [y/n]"; as
IF a$ = "y" THEN 10
IF a$ <> "y" THEN END

SUBROUTINE
1000 INPUT "Type of PWM. tachnique [Eal"; a$
IF a$ = "e" THEN 1005
GOTO 1000

1005 LPRINT TAB(1l); "Sampling current (Equal area PWM.)":
LPRINT : GOTO 1020

1020 LPRINT TAB(1); "Output PWM.frequency "; m; "Hz";
LPRINT TAB(1); "Number of angle in 1 cycle ": a: LPRINT
LPRINT TAB(1); "Excited resistance (in serie) ;Rm"; rl
LPRINT TAB(1); "Excited inductance (in serie) ;Lm™; 11
LPRINT TAB(1); "Total tranfer resistance {in serie);Re";
LPRINT TAB(1); "Total tranfer inductance (in serie);Le";

RETURN

r2
12



10

60

120

200

740

FAST FOURIER TRANFORM
{calculation)

2SS = "# #EE$HEE~NT

pi = 3.14159

PRINT TAB(20); " Fast fourier transform"
PRINT TAB(20); "--=-------- Main Menu----=--- "

PRINT TAB(1); "(L)oad data ";

PRINT TAB(40); "(F)orward FFT.[T to F1";
PRINT TAB(1l); "{(P)rint data";

PRINT TAB(40); “(In)verse FFT.[F to T]";-
PRINT TAB(1); "(E)xit";

PRINT TAB(50); : INPUT "Your selection "; a$
IF as$ = "1" THEN 200
IF a$ = "f" THEN sign = -1: a$ = "Forward": GOTO 740
IF a$ = "i" THEN sign = 1: a$ = "Forward": GOTO 740
IF a$ = "p" THEN 1150
IF as$ = "e" THEN END

2

PRINT : INPUT "File name ": n$S
INPUT "Number of data "; n
DIM xr(n), xi{n)

OPEN nS$ FOR INPUT AS #1
‘erase xr,Xi:dim xxr{(n),xi(n)
FOR i 1 TO n

xi (i) 0

INPUT #1, xr(i), xi(i)

NEXT i

CLOSE #1

GOTO 60

nou

Calculation the # of iteration [ Log N base 2 ]
ir = LOG{(n) / LOG(2)
n

. N s 0N

=]

i
N
[}

............... computation for each iteration
number of point in partition
nxp/2

=3

Le)

\S]
non

FOR it = 1 TO ir
nxp = np2: np2 = nxXp / 2: wpwr = pi / np2

............... Calculation miltiplier
FOR m = 1 TO np2
arg=(m-1)*wpwr:wr=C0S(arg): wi = sign * SIN(arg)
............... computation for each partition
FOR mxp = nxp TO n STEP nxp ‘



1000
1010

1030

1100

1150

1240

1280

jl mXp - nNXp + m: j2 = Jjl1 + np2
tr = xr(jl1) - xr(j2): ti = xi(j1) - xi(j2)
xr(j1) = xr(j1) + xr(j2): xi(j1) = xi(j1) + xi(j2)

xr(j2) = wr * tr - wi * ti: xi(j2) = wr * ti + wi * tr
NEXT mxp
NEXT m
NEXT it
e e BIT REVERSAL.............
n2 =n/ 2: nl =n-121: j =1

FOR i = 1 TO nl
IF i >= j THEN 1000
SWAP xr(i), xr(j): SWAP xi(i), xi(3)
k = n2
IF k >= j THEN 1030

3 =3 -%k: k =%k / 2: GOTO 1010
3= 3+ k
NEXT i
Y & < FINDiNG THE SOLUTION...........
IF a$ = "i" THEN 1100
FOR i = 1 TO n
xr(i) = xr(i) / n: xi(i) = xi(i) / n
NEXT i
‘print times$
PRINT " * calculation is complete * ": GOTO 60
! PRINT DATA
pS = "cx(###) = ": s$ = "Xabs(###) = "

PRINT TAB(1); "print data on (T) domain";

PRINT TAB(1l); "print data on (F) damain";

PRINT TAB(45); : INPUT "Your selection "; a$

IF a$ = "T" THEN pS$ = "Xm(###) = ": s$ = "Xabs(###) ="
PRINT : PRINT TAB(l); "print data on (C)RT.";

PRINT TAB(1); "print data on (P)rint";

PRINT TAB(1); "print data on (D)isk files";

PRINT TAB(45); : INPUT "Your selection "; a$
IF as$ = "c¢" THEN 1280
IF a$ = "p" THEN 1400

"d" THEN 1580

FOR i = 1 TO n

PRINT USING pS$S; i - 1: PRINT USING z$; xr(i);
PRINT "i*"; : PRINT USING z$; xi(i)

NEXT i

PRINT : PRINT "print Absolute value ? [y/n]"; as$
IF a$ <> "y" THEN 60

FOR i = 1 TO n
GOSUB 1670:IF pS$S="0"THEN PRINT"--C0=0/0--":GOTO 1370



PRINT USING s$; i - 1; : PRINT USING z$; ca;

PRINT USING "ang(###) = "; i - 1; : PRINT USING z$; co
1370 NEXT i

GOTO 60

—————————— Print data to Printer------------
1400 LPRINT "Rectangular form ": LPRINT
FOR i = 1 TO n
LPRINT USING p$; u - 1; : LPRINT USING z$; xr(i);

LPRINT "i*;": PRINT USING z$; xi(i)
NEXT i
PRINT : PRINT "Print absolute value ?[y/nl]";
INPUT "Your selection "; a$

IF a$ <> "y" THEN 60
LPRINT : LPRINT

———————————— Find absolute value------------
LPRINT " Absolute value": LPRINT
FOR i = 1 TO n

GOSUB 1670:IF p$="0"THEN LPRINT"--C0=0/0 --":G0TO 1550

LPRINT USING s$; i - 1; : LPRINT USING z$; ca;

LPRINT USING "ang(###) = "; i - 1; : LPRINT USING z$; co
1550 NEXT i

GOTO 60

e e Save data to disk files----- - =
1580 INPUT "File name”; nS$
"input”"Starting saved data at ";b
"input”"Number of data to save ";k :s=b+k-1
‘print"Then stop saved data at";s
OPEN n$ FOR OUTPUT AS #2
"for i=b to s
FOR i = 1 TO n
PRINT #2, xr(i); ","; xi(i)
NEXT i
CLOSE #2: END

Sub Routine
Find absolute value and angle
1670 ca = SQR(xr¢i] ~ 2 + xi(i) ~ 2): pg = " "
IF xr(i) = 0 AND xi(i) = 0 THEN p$ = "0":
BEEP: FOR s = 1 TO 40: NEXT s: BEEP: RETURN
IF xr(i) = 0 THEN co = pi / 2: RETURN
IF xi(i) = 0 THEN co = 0: RETURN
co = ATN(xi(i) / xr{i)): RETURN
END

1
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P3.0 RXD (Serial input port)

P3.1 TXD (Serial output port)

P3.2 INTO (External Interrupt 0)

P3.3 INT1 (External Interrupt 1)

P3.4 TO (Timer O Extefnal input)

P3.5 Ti (Timer 1| Externsl input)

P3.6 WR (External Memory Write strobe)

P3.7 RD (External Memory Read strobe)
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Symbol Name Address
*ACC Accumulstor OEOH
‘8 d Register OFOH
‘PSW Program Status Word 0D0H

sp _Stack Pointet 81H
DPTR Data Pointer 2 Bytes
DPL Low Bytle . 82+
OPH High Byte 8IH
‘PO Port 0 80H
‘Pt Port § 90H
P2 Port 2 OAOH
'P3 Portd ) 080H
‘1P Intecrupt Priocity Control oBaH
*1E Interrupt Engble Control 0ARH
TMOO Timet/Counter Mode Controf 89H
*TCON Timar/Counter Cantrol 80H
*4T2CON Timer/Counter 2 Control 0CaH
THO Timer/Counter0 High Byte 8CH
TLO Timer/Counler 0 Low Byte 8AH
TH1 Timer/Countor 1 High Byto 80H
TLY Timet/Counter | Low Byte o 88H
+ TH2 Timer/Counter 2 High Byta OCOH
1 TL2 Timer/Counter 2 Low Byte 0CCH
1+ ACAP2H T/C 2 Capture Reg. High Byte 0CBH
+ ACAP2L T1/C 2 Capture Rog. Low Byte OCAH
*SCON - Serial Control 2 98H
SBUF Seriat OData Bulter 99H
PCON Power Control 87H

v v t
v o v 1 v (v a v ¢ "
NIURHUN IAL MU IVDININTUN L ANAINGMFAITUNITA Jﬂ’]ﬂwu’)uﬁ 2

P17 I ANUANT 2 LEAILKUE JuBARATHYE VT T L neT AN a0

SFR MEMORY MAP

8 Byles
TR L FF
Fo B ~ F?
) - EF
€0 ACC : ] E7
ce DF
Do PSW . D7
cs | T2C0N RCAPZL | ACAPZH | Tiz | TH2 cs
co c?
=1:} e - 1 BF
80 P3 87
AB IE | AF
~0 P2 i A?
98 | SCON | SBUF % of
90 P l 97
es | TCON | TMOG TLO T |- THO | TH R
80 PO &P DPL DPH pcon | 87

B |

Adaresssble
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(Program Status Word : PWM)

PSW: PROGRAM STATUS WORD. BIT ADDRESSABLE.

| ov ] ac ] /o [ nst | nso | ov | = P ]
() Irsw 7 Carry Fhag, !
AC PSW 6 Ausiliary Carry TFlag.”
rn PSW.8 Ing O neniluble to the user for peneral purpose,
RS} 1PSw g Repister Bank selector bit TLSEE NOTE 1),
RSy PSwW ) Register Bank wlector hit 0 (SEE NOTTE §).
ov PSW.2 Overflow Flag.
- [ | User definable flag,
" "sSw.o Parity flag Set/cleared by hardware each insteuction cycle to indicate an odd/Zeven number of '
‘1" bits in the accumalstor,
NOTE:
1 1no value (resented by RSO and RS1 selacts the coirespondng register bank.
RSt RSO Reglster Bank Address

0 o ] ' 00H-07H

0 1 " ! OAH-OFH

J 0 2 10H-17H

1 1 3 " 1AH I FH

- ‘ a 4 .v v
131 amﬂwu')uﬁ 4 \da Jﬂﬂ'\ut‘UOJ‘;'&]ﬁ { ﬂi)‘i?ﬁWiUﬂ'\‘?ﬂ'}Uf}Nﬂhﬂ N

(Power Control Register : PCON)

PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE.

|svoo = [ =] = Tefi oo fro] o]

SMOD Double baud rate bit. IF Tiner 1 is used tarfencrate baud rate and SMOD = 1. the baud rate is doubled
when the Screal Port is used in mades T2, ar )

- Not implemented, reserved for fufure use *

- Mot implentented, teserved for future uee.®
Naot implemented. teserved for future wse.”

[N Genetal purpose Nag it

GID  General purpose Nag hit,

rn Pawer Duwn bit, Setting this bit svtivares Power Dowa aperation in (he ROCSTRH, (Availnhle only in
CHMOS).

[1D1 9 1ilte Mode but. Setting this bit activates die Mode operation in the ROCSIRIL (Availahle anly in CHIMOS).

I€ 15 are written 1o P1) and 1D at the same ume. PD takes precedence.

*User software should not wnte 1s 10 reserved bts These bus may be used in fulure MGS-51 products 1o invoke new
features In Mhat case, 1ho reset o nacliva vaiye of 1he new tit wil b 0, and it active valuo wit be 1.
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INTERRUPTS:

In order 10 use any of the interrupes in the MC5.51,-the following three steps must he taken,

1. Sclllhc EA (enablc all) bit in the VE register to 1.

1. Set the corresponding individual intecrupt enable bit in the 1€ register to 1,

3. Regin the interrupt service routine at the carresponding Vector Address of that interrupt, See Table below,

Interrupt Vector 4
Source Address
1EO VOO3H
TFO 0008H
=g 00134
TFL 001BH
Ri & Ti 0023H .
TF2 & EXF2 0028BH .

In additian, for external interrupts, ping IR0 and TNT1 (1 ).2 and 1*3.3) must be sct (0 |, and depending an whether
the interrupt is 10 be level or transition activated, bus 1T0 or IT1 in the TCON register may nccd to be set to 1.

ITx = 0 lavel activated

"Tx =~ 1 lransition activated

" a 4 [ - ‘v (
A7 Jﬂ"!ﬂwu')u;] 6 udndous 'Uad%"w)fflﬂaﬁaHVﬁUlaﬂﬂUUUn'\TBUIﬂQTTWYI

(Interrupt Enable Register : IE)

1E: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE.

If the bit is 0, the corresponding interrupt is dissbled, If the bit is 1. the carresponding intereupt ic enahled.

(ea [ — [ €2 | es | et | exi |. €0 | exo |
EA 1€.7 Dicablesall interrupis. If EA = 0, no interrupt will be acknawledged. If EA = 1, cach interrupt

. source is indisidually enabled oc disabled by sciting or clearing its enable bit.
— IE.6  Not implemented, rescrved for future use.”
ET2 IE.S Enable or disable the Timer 2 overflow or capture intereupt (3052 ouly).
ES 1E.4  Enablc of disable the serial port interrupt.
ETI {E.3 Enable or disable the Timer | overNow interrupt.
EX1 1F.2 Enable or disable External Interrupt |,
F10 1E.1 Enable or disable the Timers 0 overfllow interrupt,

EX0 1F.0 Enable or disable External Interrupt 0.
)

. .d . . . .
*User sofiware should not write s to reserved bits. These bits may be used in future MCS-51 proclucts to invoke |
new features. In that case, the reset or inactive valuc of the new bit will be 0, and its active value will be .
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(Interrupt Pfiority Register : IP)

1P: INTERRUPT PRIORITY REGISTER. BIT ADODRESSABLE.

If the bit is 0. the corresponding interrupt has a lower priority and if the bit is 1 the corresponding interrupt has a
higher priority,

=1 =T ea[es]opn | pa I. pro | pxo |

1P. 7 Not implemented, reserved for (uture use.®

- 1. 6 Not implementced, reserved for future use.®

P2 15 Defines the Timer 2 interrupt prineity level (A032 anly),
rs 1. 4 Defines the Serial Port inteerupt priority level,

rTt 1P, Y Defines the Timer | interrupt pn'n?'le level.

rxi IP. 2 Defines External Interrupt 1 priocity Jevel.

PIo 11, | Défines the Timer O interrupt priority level.,

PX0 1.0 Defines the Fxternal Interrupt O peiority level,

*User software should not write 13 to reserved bits. These bits may be used in future MCS-51 products to invoke
ncw features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1,

v

H - 4 w v .
ANTVINANUIUR 8 uﬁﬂdﬁQWutmedgﬂﬁLWaiﬁﬁMTUﬂ?UQHﬂﬁiﬂd/uUlQaﬁ

(Timer/Counter Control Register : TCON)

TCON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE.

((tre [ vms [ tro | tRo | Er [ i [ 0 | o ]

TF1 TCON. 7 Timer | overflow flag. Sct by hardwsre when the Timer/Counter 1 overlaws. Cleared by hard-
ware as processor veclors (o the interrupt seevice routine,

TR1 TCON. 6 Timer | run control bit. Set/cleared by soltware to turn Timier/Counter 1 ON/OFF.

TFO TCON. S Timer 0 overflow flag. Set by hardware when lhc.TilrrEr/Cnumcr 0 uverflows, Cleared by hare-
warc 84 processar vectors (o the service routihe, '

TRO TCON. 4 Timer O run coniral bit. Set/cleared by sofltware 10 turn Timer/Counter 0 ON/OTUF,

1E1 TCON. 3 External Interrupt | edge flag. Sct by hardware when External Interrupt edge is detected.
Cleared by hardware when interrupt is procexsed,

ITI TCON. 2 Intereupt | type contral bil. Set/clessed by soltware 10 specily falling edge/low level triggered
Eaternal Interrupt,

1E0 TCON, | External Interrupt O edge Nag Set by hardware when External Interrupt edge detected. Cleared
by hardware when interrupt is processed.

170 TCON. O Taterrupt 0 type control bit. Sct/cleaced by soltware 1o specify falling edge/law level triggered
External Interrupe.
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(Timer/Counter Mode Control Register : TMOD)

TMOD: TIMER/COUNTER MODE CONTROL REGISTER. NOT B'IT
ADDRESSABLE. '

‘{eate [ cm [ i [ mo | Gate | ot | M1 | wmo |
A AN 7

TIMER | TIMERO

GATE  When TRa {in TCON)is sct and GATE = )|, TIMER/COUNTERx will run only whife INTx pin is high
(hardware control), When GATE = 0, TIMER/COUNTERx will run only while TRx = | (soltware

contsol).
c/T Jimer or Counter selector. Cleared for Timer operation (input from internsl system clock). Set for Coun-
ter operation (input from Tx jnput pin),
M1 Made selector bit. (NOTE 1)
MO Mode selector bit, (NOTE 1)
NOTE
M1 MO Operating Mode
[} 0 [} 13-bit Timer {(MCS-48 compatible)
0 1 1 16-bit Timer/Counter
1 0 2 8-bil Auto-Reload Timer/Counter
1 1 3 {Timer 0) TLO is an 8-bit Timar/Counter controlled by tha standard Timer 0
control bits, THO is an 8-bit Timer and is controlled by Timer 1 control bils,
1 1 2 (Timer 1) Timer/Counlar 1 stopped.

' ‘W '
A19719MANMIUT 10 LEAINITAIANAN TN TMOD tietAendy TIMER/COUNTER 0

TIMER/COUNTER 0

As a Timer:

TMOO
MOOE TIMER 0 INTERANAL EXTERNAL
« FUNCTIOR CONTROL CONTAOL
(NOTE 1) {NOTE 2)
0 l:!:b«‘l Timer (VAT 08H
1 16°bit Timer 01H 09H
2 8.bit Auto-Reload - 02H OAH
3 two &bit Timars 03H 0BH
T
3 As a Counter:
TMOD
MODE COUNTER 0 INTERNAL EXTERNAL
FUNCTION CONTROL CONTROL
(NOTE 1) (NOTE 2)
0 13 bt Timer 041 ocH
t 16-bit Timer 051 ODH
2 8-bit Auto-Reload 06H OEH
, 3 one 8-bit Counter O7H OFH
NOTES:

t. Tha Timer is turnad ON/OFF by seting/cleanng bit TRO in the softwars.

2. The Twmer i1s twned OMZOFF by the 1 100 Wransition on INT (P32) when TRAO = 1
(hardware control). ’

&

=

e
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A1319MNANUANR 11 UEAINITAIAIANIIY TMOD tiletdon1¥ TIMER/COUNTER 1

TIMER/COUNTER 1 ) *

AsaTimer:
TMO0
MOOE TIMER 1 INTERNAL EXTERNAL
FUNCTION CONTROL CONTROL
’ (NOTE 1) (NOTE 2)
0 13-t Timer GOH 80H
1 16-tut Timoe 104 90H
2 . 8-bt Auto-Reload” .,  .20H AQH .
3 doas not run 0H 8oH

Asa Cox'mter.

TMOO
- 'MODE COUNTER 1 INTERNAL ,, EXTERNAL.
FUNCTION CONTROL CONTROL
2 {NOTE 1) (NOTE 2)
[+ 30 13-txt Timer 40H4 COH
1 16-bit Timer SOH DOH
2 8-bit Auto-Reload 60H EQH
3 not availlable — .
NOTES:

1. The Timer is wmed ON/OFF by settng/cleanng bt TRT In tie software, .
2. Tha Timus is turned ON/OFF by the 1 lo O transvon oa iNTI {P2.3) when TR1 = 1
(hasrdware control),
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CPU "8051.TBL"
HOF "INT8"

_******************************************************

;THIS IS A LIST OF THE REGISTER AND BIT NAMES

;jWITH THEIR CORRESPONDING ADDRESSES. THESE MUST BE
;INCLUDED IN THE SOURCE FILE FOR THE BIT ADDRESSING
yMODES TO ASSEMBLE PROPERLY.

:MCS-51 INTERNAL REGISTERS

.
1

B: EQU OFOH ;B REGISTER

ACC: EQU OEOH ;ACCUMULATOR

PSW: EQU ODOH ; PROGRAM STATUS WORD
IPC: EQU OB8H ; INTERRUPT PRIORITY
P3: EQU 0BOH ; PORT 3

IEC: BEQU OA8H s INTERRUPT ENABLE
P2: EQU OROH ;s PORT 2

SBUF : EQU 99H ; SEND BUFFER

SCON: EQU 98H ; SERIAL CONTROL

P1: EQU 90H ; PORT 1

TH1: EQU 8DH ; TIMER 1 HIGH

THO : EQU 8CH ; TIMER O HIGH

TL1: EQU 8BH ;TIMER 1 LOW

TLO: EQU " 8AH s TIMER 0 LOW

THMOD : EQU 89H ; TIMER ‘MODE

TCON: EQU 88H y TIMER CONTROQL
PCON: EQU 87H ; POWER CONTROL REGISTER
DPH: EQU 83H ;DATA POINTER HIGH
DPL: EQU 82H ;DATA POINTER LOW
SP: EQU 81H ; STACK POINTER

PO: EQU 80H ; PORT 0

;MCS-51 TINTERNAL BIT ADDRESSES

CY: EQU OD7H ;CARRY FLAG

AC: EQU O0D6H ;AUXILIARY-CARRY FLAG

ro: EQU ODSH ;USER FLAG O

RS1: EQU O0D4H ;REGISTER SELECT MSB

RSO EQU 0Db3H ;REGISTER SELECT LSB

ovV: EQU . OD2H ;OVERFYLOW FLAG

P: EQU ODOH . ; PARITY FLAG

P3: EQU 0BCH ; PRIORITY SERIAL PORT
PT1: EQU 0BBH ; PRIORITY TIMER 1

PX1: EQU 0BAH ; PRIORITY EXTERNAL 1

PTO: EQU 0B9H ; PRIORITY TIMER O

PX0: EQU OB8H ;PRIORITY EXTERNAL 0

EA: EQU OAFH ;ENABLE ALL INTERRUPT

ES: EQU OACH ; ENABLE SERIAL INTERRUPT
ETL: EQU OABH ;ENABLE TIMER 1 INTERRUPT
EX1: EQU OAAH ;ENABLE BEXTERNAL 1 INTERR
ETO: EQU OASH ;ENABLE TIMER O INTERRUPT
EXO: EQU OA8H  ENABLE EXTERNAL 0 INTERR

SHJ : EQU 0SFH - ;SERIAL MODE O



SM1 EQU 09EH :SERIAL MODE 1
SH2 EQU 09DH :SERIAL MODE 2
REN EQU 09CH " ;SERIAL RECEPTION ENABILE
TB8 EQU 09BH ; TRANSMITT BIT 8
RBS8 EQU 09AH ;:RECEIVE BIT 8
TI: EQU 099H ; TRANSMIT INTERRUPT FLAG
RI: EQU 098H tRECEIVE INTERRUPT FLAG
TF1 EQU 08FH ;TIMER 1 OVERFLOW FLAG
TR1: EQU 08EH ;TIMER 1 RUN CONTROL BIT
TFO EQU 08DH ;TIMER 0 OVERFLOW FLAG
TRO EQU 08CH ;TIMER O RUN CONTROI, BIT
IE1 EQU 08BH ;EXT INTERR. 1 EDGE FLAG
IT1 EQU 08AH ;BXT INTERR. 1 TYPE FLAG
IBO EQU 089H -sEXT INTERR. 0 EDGE FLAG
ITO EQU 088H ;BXT INTERR. 0 TYPE FLAG
; ® %k Kk ok K ok kW PWM PROGRAI,( Yok %ok K W o W
: CPU 8031
s INITIALIZATION

ORG 0000D

SIMP INIT

ORG 03H ;INTO start

AJHP EXINO

ORG OBH ;jVector of timer0O

AJTMP TINTO

ORG 13H ;INT1 start

AJMP EXIN1

ORG 26H
EXINO: SETB P1.2 ;inhibit PWM

CLR P1.4 iclear LINE

CLR IEC.7 ;disable INT

AJMP EXINO
EXIN1: SETB P1.2 ;inhibit PWM

CLR IEC.7 ;jdisable INT

AJHP EXIN1
INIT: MoV A, #O0FFH

MOV PO ,A

MOV PT,A

MoV P2,A

MOV P3,A

CLR Pl1.0 j¢clr sync

CLR K

MOV RO ,A

MOV R4 ,A

MOV RS,A

MOV R6,R

MoV R7,#01H

MOV SP,#1FH

HOV THMOD , #32H

ANL IEC,#60H

ORL IEC,#87H

ANL IPC,#0EOH



SETB IPC.2
SETB IPC.1
SETB IPC.O

ACO: MOV DPTR,#0005H
MOVX A,@DPTR
MOV R2,A
MOV 09H,A

j o —————— e e ——

' RUN 0 Hz
MOV DPTR,#0000H
MOV A,#127D ;pulse 1:1
MOVX @DPTR,A ;DPTR 00{(phl)
INC DPTR
MOVX @DPTR,A ;DPTR 01(ph2)
INC DPTR
MOVX GDPTR,A ;DPTR.02{(ph3)
INC DPTR
MOV A,#10D 1DPTR 03 (dead time)
MOVX @DPTR,A
INC - DPTR 1
MOV A,#03D ;DPTR 04{(divider)
MOVX @DPTR,A
MOV DPTR,#1800D

! MoV 11H,#04D ;Ph.Displ angle

MOV 10H,#01D ;72 pulse per Nst
MOV 17H,#12D ;Nst per cycle
MOV THO ,#128D ;set time in
MOV TLO,#0FCH ;...Timero0
MOV TCON , #15H
CLR P1.2

WTINTO NOP ;jwait Internal interupt
NOP ;..form timer0 then 000B

TINTO: SETB P1.0 ;generate SYNC signal..
CLR P1.0 ;..for 1 switching time
PUSH pPsSwW
PUSH ACC
CLR IEC.7 )
DJINZ R7 ,0VER ;Run for Z loop
MOV R7,10H

ILOOP: MOV RO, #00H
XLOOP: MOV A,R4
ADD A,R5
Hove A,@A+DPTR
PUSH DPH ;
, PUSH DPL ;Keep DPTR=1800H

MOV DPH,#00H



MOVC A,Q@A+DPTR

MOV DPTR,#1570D

JMP @A+DPTR
]
FINISH: MOV R7,#01H

MOV R2,09H
AWERT: MOV R4 ,#00H
OVER: SETB IEC.7

POP ACC

POP PSW

RETI

S00: MOV 17H,#12D
MOV 10H,#01D
MOV THO ,#128D
MOV DPTR,#1800D
MOV 11H,#04D
MOV R6 ,#00H
LJIMP FINISH

S01: MOV 17H,#114D
MOV 10H,#10D
MOV THO , #24D
MOV DPTR,#1821D
MOV 11H,#48D
MOV R6,#01H
LJIMP FINISH

S02: MOV 17H,#114D
MOV 10H,#05D
MOV THO ,#24D
MOV DPTR,#2062D
MOV 11H, #48D
MOV R6G, #02H
LJIMP FINISH

S03: MOV 17H,#120D
MOV 10H ,#04D
MOV THO , #24D
MOV DPTR, #2303D
MOV 11H,#40D
MOV R6 ,#03H
LJIMP FINISH

$04: MOV 17H #120D
MOV 1O0H, #03D
MOV THO , #24D
MOV DPTR, #2504D
MOV 11H, #40D
MOV R6,#04H

. LIMP FINISH

S05: MOV 17H,#96D
MOV 10H,#03D
MOV THO ,#24D
MOV DPTR, #2705D
MOV 11H,#32D

MOV R6 ,#05H



506:

S07:

S08:

© S09:

S10:

S11:

S12:

S513:

LJMP
MOV
MOV
MOV
MOV
HOV
MOV
LJIMP
MoV
MOV
MOV
MOV
MOV
MOV
LJIMP
MOV
MOV
MOV
MOV
MOV
MOV
LJHP
MOV
MoV
MOV
MOV
MOV
MOV
LJHP
MOV

MOV

MOV
MOV
MOV
LJIMP
HOV
MOV
MOV
MoV
MOV’
MoV
LIMP
MOV
MoV
MOV
MOV
MOV
HOV
LJMP
MOV
MOV
MOV
MOV
MOV
MOV

FINISH
17H,#120D
10H,#02D
THO , #24D
DPTR, #2866D
11H, #40D
R6,#06H

FINISH

17H,#102D
10H,#02D
THO , #22D
DPTR,#3067D
11H,#34D

R6 ,#07H
FINISH
17H,#90D
10H,#02D
THO , #24D
DPTR, #3238D
11H, #30D

R6 ,#08H
FINISH
17H,#78D
10H,#02D
THO , #18D
DPTR, #3389D
11H,#26D

R6 , #09H
FINISH
10H,#02D
THO, #24D
DPTR, #3520D
11H,#24D
R6,#0AH
FINISH
17H,#63D
10H,#02D
THO ,#15D
DPTR, #3641D
11H,#21D

R6 , #0BH
FINISH
17H,$#60D
10H, #02D
THO, #24D
DPTR,#3747D
11H,#20D

R6 ,#0CH
FINISH
17H,#54D
10H,#02D
THO, #18D
DPTR,#3848D
11H,#18D

R6 , #ODH



S14:

S15:

S16:

S17:

3518:

S519:

S20:

S21:

LJIMP
MOV

MOV
MOV
MOV
MOV
MOV
LIMP
MOV
MOV
MOV
MOV
HOV
MOV
LJIHP
MOV
MoV
HOV
MOV
MOV
MOV
LJIMP
MOV
MOV
MOV
MOV
MOV
MOV
LJIHUP
MOV
HOV
MOV
MOV
MOV
MOV
LJMP
MOV
MOV
MOV
MOV
MOV
MOV
LIMP
MOV
MOV
MOV
MOV
MOV
MOV
LJIMP
MOV
MOV
HovV
MOV
MOV

i

FINISH
17H,#51D
10H,#02D
THO ,#22D
DPTR, #3939D
11H,#17D
R6,#0EH
FINISH
17H,#96D
10H,401D
THO ,#24D
DPTR, #4025D
11H,#32D
R6,#0FH
FINISH
17H,#90D
10H,#01D
THO , #24D
DPTR,#4186D
11H,#30D
R6,#10H
FINISH
17H,#84D
10H,#01D
THO ,#22D
DPTR,#4337D
11H,#28D
R6,#11H
FINISH
17H,#78D
10H,#01D
THO , #18D
DPTR, #4478D
11H,#26D
R6,#12H
FINISH
17H,#72D
10H,#01D
THO ,#12D
DPTR, #4609D
11H,#24D
R6,#13H
FINISH
17H,#72D
10H,#01D
THO ,#24D
DPTR, #4730D
11H, #24D
R6,#14H
FINISH .
17H,#66D
10H,#01D
THO ,#15D
DPTR, #4815D
11H,#22D



S22:

523:

S24:

S526:

527:

S528:

S29:

MOV
LJIMP

MOV
MOV
MOV
MOV
MOV
MOV
LJHP
MOV
HOV
MOV
MOV
MOV
MOV
LJMP
HOoVv
MOV
MOV
MOV
HOV
MOV
LJIMP
MOV
MOV
MOV
MOV
MOV
MOV
LJIMP
1oV
MOV
MOV
MOV
MOV
MOV
LJMP
MOV
MOV
MOV
MOV
MOV
MOV
LJMP
MOV
MOV
MOV
MOV
MOV
MOV
LJMP

MOV

MOV
MOV
MOV
MOV

R6,#15H.
FINISH
17H,#66D
10H,#01D
THO ,#26D
DPTR, #4962D
11H,422D
RG,#16H
FINISH
17H,#60D
10H, #01D
THO,#14D
DPTR, #5073D
11H,#20D

R6 ,#17H
FINISH
17H,#60D
10H,#01D
THO , #24D
DPTR, #5174D
11H,#20D

R6 ,#18H
FINISH
17H,#54D
10H,#01D
THO , #09D
DPTR,#5275D
11H,#18D
R6,#19H
FINISH
17H,#54D
10H,#01D
THO,#18D
DPTR,#5366D.
11H,#17D

R6 ,#1AH
FINISH

17H, #54D
10H,#01D
THO,#27D
DPTR, #5457D
11H,#17D
R4, #1BH
FINISH

17H, #48D
10H,#01D
THO, #08D
DPTR, #5548D
11H,#16D
R6,1CH
FINISH
17H,#48D
10H,#01D
THO, #16D
DPTR, #5629D -
11H,#16D



530

S31:

532:

S33:

S34:

S535:

' $36:

837:

HOV
LJHP
MOV
HOV
MOV
MOV
MOV
MOV
LJIMP
MOV
MOV
MOV
MOV
MOV
MOV
LJIMP
MOV
MOV
MOV
MOV
MOV
MOV,
LJIMP
MOV
MOV
MOV.
MOV
MOV
MOV
LJMP
MOV
HOV
MOV
MOV
MOV
MOV
LJHP
HOV
MOV
MOV
MOV
MOV
MOV
LJMP
MOV
HOV
MOV
MOV
MOV
HOV
LJIMP
MOV
MOV
MOV
MOV
MOV

R6,#1DH
FINISH

17H, #48D
10H,#01D
THO , #24D
DPTR,#5710D
11H,#16D
R6,#1EH
FINISH

17H, #48D
10H,#01D
THO, #32D
DPTR,#5791D
11H,#16D
R6,#1FH
FINISH -
17H,#42D
10H,#01D
THO , #08D
DPTR, #5872D
11H,#14D
R6, #20H
FINISH

17H, #42D
10H,#01D
THO, #15D
DPTR, #5943D
11H,#14D

R6 ,#21H
FINISH
17H,#42D
10H,#01D
THO, #22D
DPTR, #6014D
11H,#14D

R6 , #22H
FINISH
17H;#42D
10H,#01D
THO, #29D
DPTR, #6085D
11H,#14D
R6, #23H
FINISH
17H,#42D
10H, #01D
THO , #35D
DPTR, #6156D
11H,#14D

R6 ,#24H
FINISH
17H,#36D
10H,#01D
THO , #05D
DPTR,#6227D
11H,#12D



5$38:

S39:

540:

S42:

S43:

545;

MOV
LJMP
MOV
MOV
MOV
MOV
MOV
MOV
LJMP
HOV
MOV
MOV
MOV
MOV
MOV
LJMP
MOV
MOV
MOV
MOV
MOV
MOV
LJIMP
MOV
MOV
MOV
MOV
MoV
MOV

LJIMP

HOV
MOV
MOV
MOV
MOV
MOV
LJIJMP
MOV

-MOV

MOV
MOV
MOV
MOV
LJIMP
MoV
MOV
MOV
HOV
MOV
MOV
LJIMP
MOV
MOV
MOV
MOV

R6,#25H
FINISH
17H,#36D
10H,#01D
THO, #12D
DPTR,#6288D
11H,#12D
R6,#26H
FINISH

17H, #36D
10H,#01D
THO , #18D
DPTR, #6349D
11H,#12D
R6,#27H
FINISH
17H,#36D
10H, #01D
THO, #24D
DPTR, #6410D
11H,#12D
R6,#28H
FINISH

17H, #36D
10H,#01D
THO , #30D
DPTR,#6471D
11H,#12D
R6, #29H
FINISH

17H, #36D
10H, #01D
THO , #35D
DPTR, #6532D
11H,#12D

R6 , #2AH
FINISH
17H,#36D
10H,#01D
THO ,#40D
DPTR,#6593D
11H,#12D

R6 , #2BH -
FINISH
17H,#30D
10H,#01D
THO , #03D
DPTR, #6654D
11H,#10D
R6,#2CH
FINISH
17H,#30D
10H,#01D
THO , #09D
DPTR,#6705D



S546:

S47;

S548:

549:

550:

S51:

S552:

S$53:

MOV
MOV

LJMP
MOV
MoV
MOV
MOV
MOV
MOV
LJMP
MOV
MOV
MOV
HOoV
HOV
HOV
LJMP
MOV
MOV
MOV
MOV
MOV
MOV
LJMP
MOV
MOV
MOV
MOV
MOV
MOV
LJIMP
MOV
MOV
MOV
MOV
MOV
MOV
LJIMP
MOV
MOV
MOV
MOV
MOV
MOV
LJIHP
MOV
MOV
MOV
MOV
MOV
MOV
LIMP
MOV
MOV
MOV
MOV

11H,#10D
R6 ,#2DH

FINISH
17H,#30D
10H,#01D
THO ,#14D
DPTR,#6756D
11H,#10D

R6 , #2EH
FINISH
17H,#30D
10H,#01D
THO , #19D
DPTR, #6807D
11H,#10D
R6, #2FH
FINISH
17H,4%30D
10H,#01D
THO ,#24D
DPTR, #6858D
11H,#10D
R6,#30H
FINISH
17H,#30D
10H,#01D
THO ,#29D
DPTR,#6909D
11H,#10D

R6 ,#31H
FINISH
17H,#30D
10H,#01D
THO ,#33D
DPTR,#6960D
11H,#10D

R6 ,#32H
FINISH
17H,#30D
10H,#01D
THO ,#38D
DPTR,#7011D
11H,#10D
R6,#33H
FINISH
17H,#30D
10H,#01D
THO ,#42D
DPTR,#7062D
11H,#10D
R6,#34H
FINISH
17H,#30D
10H,#01D
THO , #46D
DPTR ,#7113D



MOV
MOV
LJIMP

. 954 MOV

MOV

MOV

MOV

MOV

MOV

LJIMP

S55: MOV
MOV

MOV

MOV

MOV

MOV

LJIMP

556 MOV
HOV

MOV

MOV

MOV

MOV
LJup

857 MOV
MOV

MOV

MOV

MOV

MOV

LJIMP

S58: MOV
MOV

MOV

MOV

MOV

MOV
. LJMP

SS?: MOV
MOV

MOV

MOV

MOV

MOV

LJMP

S60: MOV
MOV

MOV

MOV

MOV

MOV

LJIMP

11H,#10D
R6,#35H
FINISH
17H,#30D
10H,#01D
THO, #50D
DPTR,#7164D
11H,#10D

R6 ,#36H
FINISH
17H,#24D
10H,#01D
THO, #03D
DPTR,#7215D
11H, #08D
R6,#37H
FINISH
17H,#24D
10H,#01D
THO , #08D
DPTR,#7256D
11H,#08D
R6,#38H
FINISH
17H,#24D
10H,#01D
THO,#12D
DPTR,#7297D
11H,#08D

R6 ,#39H
FINISH
17H,#24D
10H,#01D
THO, #16D
DPTR,#7338D
11H,#08D
R6, #3AH
FINISH
17H,#24D
10H, #01D
THO,#20D
DPTR,#7379D
11H,#08D
R6,#3BH
FINISH

17H, #24D
10H,#01D
THO, #24D
DPTR,#7420D
11H,#08D

R6 , #3CH
FINISH

; POINTER ADDRESS



€@ e e e e m e e e s e e e s e e e -

1500D

O0H,03H,06H,09H
OCH,0FH,12H,15H
18H,1BH,1EH, 21H
24H,27H, 2AH, 2DH
30H,33H,36H,39H
3CH,3FH,42H,45H
48H,4BH,4EH,51H
54H,57H,5AH, 5DH
60H,63H,66H,69H
6CH,6FH,72H,75H
78H,7BH,7EH,81H
84H,87H,8AH,8DH
90H,93H,96H,99H

9CH,9FH,0A2H,0A5H
OA8H,0ABH,0AEH,0B1H

B e e e e e e e e



1800D
127,127,127 ,127
127,127,127 ,127
127,127,127 ,127
127,127,127 ,127
127,127,127 ,127
127

116,116 ,116,116
116,117,117 ,117
117,117,117,117
117,117,117,117
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
117,117,117,117
117,117,117,117
117,117,117,116
116,116,116 ,116
116,116,116,116
116,115,115,115



115,115,115,115
115,115,115,115
114,114,114,114
114,114,114,114
114,114,114,114
114,114,114,114
114,114,114,114
114-,114,114,114
114,114,114,114
114,114,114,114
114,114,114,114
114,114,114,114
115,115,115,115
115,115,115,115
115,115,115,116
116,116,116,116
116,116,116,116
116,117,117,117
117,117,117,117
17, 10 000\7
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
118,118,118,118
117,117,117,117
S 7|, L1 7 SN
P LT 7 AT 116
116,116,116,116
116,116,116,116
116,115,115,115
115,115,115,115
115,115,115,115
114,114,114,114
114,114,114,114
114

- e e e af v ot Mmoo - e = o

116,116,117 ,117
L17,117,117,117
118,118,118,118
118,119,119,119
119,119,119,119
120,120,120,120
120,120,120,120
120,120,121,121
121,121,121,121
121,121,121,121
121,121,120,120
120,120,120,120
120,120,120,120
119,119,119,119



8 et e em o mm e e e n  ve e e e e e e ek e e e s A e e e

119,119,119,118
118,118,118,118
117,117,117,117
117,117,116,116
116,116,116,115
115,115,115,115
114,114,114,114
114,113,113,113
113,113,113,113
112,112,112,112
112,112,112,112
112,112,111,111
111,111,111,111
111,111,111,111
111,111,112,112
112,112,112,112
112,112,112,112
113,113,113,113
113,113,113,114
114,114,114,114
115,115,115,115
115,115,116,116
116,116 ,117,117
1184171, T AN/ Bl ?
118,118,118,118
118,119,119,119
119,119,119,119
120,120,120,120
120,120,120,120
120,120,121,121
121,121,121,121
10110 210 feseoce
121,121,120,120
120,120,120,120
120,120,120,120
119,119,119,119
119-5119,118,118
118,118,118,118
117,117,117,117
117,117,116,116
116,116,116,115
115,115,115,115
114,114,114,114
114,113,113,113
113,113,113,113
112,112,112,112
112

116,117,117,117
118,118,118,119
119,119,120,120
120,121,121 ,121
121,122,122,122
122,122,122,123
123,123,123,123
123,123,123,123



123,123,123,123
123,122,122,122
122,122,122,121
121,121,121,120
120,120,119,119
119,118,118,118
117,117,117,116
116,115,115,115
114,114,114,113
113,113,112,112
112,111,111,111
111,110,110,110
110,110,110,109
109,109,109,109
109,109,109,109
109,109,109,109
109,109,109,110
110,110,110,111
111,111,111,112
112,112,113,113
113,114,114 ,114
115,115,115,116
116,117,117 ,117
118,118,118,119
119,119,120,120
1 i 2/, g
Tl 2 o1 72 P
122,122,122,123
123,123,123,123
12RYL 2B/ 1 2 Y23
14331923 AER S
123,122,122,122
122,122,122,121
121,121,121,120
120,120,119,119
119,118,118,118
117,117,117,116
116,115,115,115
114,114,114,113
T 3, 2h3) LM
112,111,111,111
111,110,110,110
110

116,117,117 ,118
118,119,119,120
120,120,121,121
122,122,122,123
123,123,124,124
124,124,125,125
125,125,125,125
125,125,125,125
i25,125,125,125
125,125,124,124
124,124,123,123



123,122,122,122
121,121,120,120
120,119,119,118
118,117,117,116
116,115,115,114
114,113,113,112
112,112,111,111
110,110,110,109
109,109,108,108
108,108,107,107
107,107,107,107
107,107,107,107
107,107,107,107
107,108,108,108
108,108,109,109
109,110,110,110
111,111,112,112
112,113,113,114
114,115,115,116
116,117,117,118
118,119,119,120
120,120,121,121
122,122,122,123
123,123,124,124
124,124,125,125
125,125,125,125
125,125,125,125
125,125,125,125
125,125,124,124
124,124,123,123
47 AN1T2 ) JOININS
121,121,120,120
120,119,119,118
118,117,117,116
116,115,115,114
114,113,113,112
112,112,111,111
110,110,110,109
109,109,108,108
108

116,117,118,119
119,120,121 ,121
122,122,123,124
124,125,125,126
126,127,127,127
127,127,128 ,128
128,128,127,127
127,127,127,126
126,125,125,124
124,123,123,122
121,121,120,119
119,118,117,116
116,115,114,113
113,112,111,110
110,109,109,108
108,107,107,106



106,105,105,105
105,105,104,104
104,104,105,105
105,105,105,106
106,107,107,108
108,109,109,110
111,111,112,113
113,114,115,116
116,117,118,119
119,120,121,121
122,122,123,124
124,125,125,126
126,127,127,127
127,127,128,128
128,128,127,127
127,127,127 ,126
126,125,125,124
124,123,123,122
121,121,120,119
119,118,117,116
116,115,114,113
113,112,111,110
110,109,109,108
108,107,107,106
106

116,117,118,119
119,120,121,121
U330 13k A/ o
124,125,126,126
127,127,127,128
128,129,129,129
129,130,130,130
130,130,130,130
130,130,130,129
129,129,129,128
128,127,127,127
126,126,125,124
124,123,123,122
121,121,120,119
119,118,117,116
116,115,114,114
113,112,111,111
110,109,109,108
108,107,106,106
105,105,105,104
104,103,103,103
103,102,102,102
102,102,102,102
102,102,102,103
103,103,103,104
104,105,105,105
106,106,107,108
108,109,109,110
111,111,112,113
113,114,115,116
116,117,118,119



119,120,121,121
122,123,123,124
124,125,126,126
127,127,127,128
128,129,129,129
120,130,130,130
130,130,130,130
130,130,130,129
129,129,129,128
128,127,127,127
126,126,125,124
124,123,123,122
121,121,120,119
119,118,117,116
116,115,114,114
113,112,111,111
110,109,109,108
108,107,106,106
105,105,105,104
104

118,119,120,121
122,123,123,124
125,126,127,128
128,129,130,130
e el N 1 3
133,133,133,133
133,133,133,133
133,133,133,132
132,131,131,130
130,129,128,128
127,126,125,124
123,122,121,120
120,119,118,117
116,115,114,113
112,111,110,109
108,107,106,106
105,104,104,103
103,102,102,101
101,101,101,101
101,101,101,101
101,101,102,102
103,103,104,104
105,106,106,107
108,109,110,111
112,113,113,114
115,116,118,119
120,121,122,122
123,124,125,126
127,128,128,129
130,130,131,131
132,132,133,133
133,133,133,133
133,133,133,133
133,132,132,131



131,130,130,129
128,128,127,126
125,124,123,122
121,120,120,119
118,117,116,115
114,113,112,111
110,109,108,107
106,106,105,104
104,103,103

117,118,119,121
122,123,124,125
126,127,128;129
130,131,132,132
133,133,134,134
134,135,135,135
134,134,134,133
133,132,132,131
130,129,128,127
126,125,124,123
122,120,119,118
117,115,114,113
112,110,109,108
107,106,105,104
103,102,101,100
100,99,99,98
98,98,97,97
97,98,98,98
99,99,100,100
101,102,103,104
105,106,107,108
109,110,111,113
114,115,117,118
119,121,122,123
124,125,126,127
128,129,130,131
132,132,133,133
134,134,134,135
135,135,134,134
134,133,133,132
131,131,130,129
128,127,126,125
124,123,122,120
119,118,117,115
114,113,112,110
109,108,107,106
105,104,103,102
101,100,100

120,122,123,125
127,128,130,131
133,134,135,136
137,138,139,139
140,140,140,140
140,140,140,139
139,138,137,136
135,134,132,131



130,128,127,125
123,122,120,118
116,115,113,111
110,108,107,106
104,103,102,101
100,99,99,98
98,98,98,98
98,98,98,99
100,101,102,103
104,105,107,108
110,111,113,115
116,118,120,122
123,125,127,128
130,131,133,134
135,136,137,138
139,139,140,140
140,140,140,140
140,139,139,138
137,136,135,134
132,131,130,128
127,125,123,122
120,118,116.,115
113,111,110,108
107,106 ,104,103
102,101,100

1301 O A Df  AT5Y
125,127,129,130
132,133,135,136
137,138,138,139
139,139,139,139
139,138,137,137
135,134,133,132
130,128,127,125
123,121,119,117
115,113,111,109
107,105,104,102
100,99,98,97
96,95,94,93
93,93,93,93
93,94,94,95
96,98,99,100
102,103,105,107
109,111,113,115
117,119,121,123
125,127,129,130
132,133,135,136
137,138,138,139
139,139,139,139
139,138,137,137
135,134,133,132
130,128,127,125
123,121,119,117
115,113,111,109
107,105,104,102
100,99,98,97

96



B e s e e a wt e e e M e h e = e e v e e e e e v e b A e e e e we e e

Fl1l: DFB 122,124,127,130

DFB 132,134,137,139
DFB 141,142,144,145
DFB 146,146,147 ,147
DFB 147,147,146,145
DFB 144,143,141,139
DFB 137,135,133,131
DFB 128,126,123,121
DFB 118,115,113,110
DFB 108,106,104 ,10%2
DFB 100,98,97,96
DFB 95,94,94,94
DFB 94,95,95,96
DFB 97,99,100,102
DFB 104,107,109,111
DFB 114,117,119,122
DFB 124,127,130,132
DFR 134,137,139,141
DFB 142,144,145,146
DFB 146,147,147 ,147
DFB 147,146,145 ,144
DFB 143,141,139,137
DFB 135,133,131,128
DFB 126,123,121,118
DFB 115,113,110,108
DFB 106,104,102,100
DFB 98,97

F12: DFB 117,120,123,126
DFB 129,131,134,136
DFB 138,140,141,142
DFB 143,144,144 ,144
DFB 143,143,142,141
DFB 139,137,136,133
DFB 131,129,126,123
DFB 120,117,115,112
DFB 109,106,104,101
DFB 99,96,95,93
DFB 91,90,89,89
DFB 88,88 ,88,89
DFB 90,91,92,94
DFB 96,98,101,103.
DFB 106,109,112,115
DFB 117,120,123,126
DFB 129,131,134,136

, DFB 138,140,141,142
DFB 143,144,144,144
DFB 143,143,142,141
DFB 139,137,136,133
DFB 131,129,126,123
DFB 120,117,115,112
DFB 109,106,104,101
DFB 99,96,95,93

DFB 91



F13: DFB 121,124,128,131

DFB 135,138,140,143
DFB 145,147,148,149
DFB 150,150,150,149
DFB 148,146,145,142
DFB 140,137,134,131
DFB 128,124,121 ,117
DFB 114,110,107,104
DFB 101,98,96,93
DFB 92,90,89,88
DFB 88,88,89,90
DFB 91,93,95,98
DFB 100,103,107,110
DFB 114,117,121,124
DFB 128,131,135,138
DFB 140,143,145,147
DFB 148 ;149,150,150
DFB 150,149,148,146
DFB 145,142,140,137
DFB 134,131,128,124
DFB 121,117,114,110
DFB 107,104,101,98
DFB 96,93,92

Fl4: DFB 119,123,127,131
DFB 135,138,141,143
DFB 146 ,147,149,149
DEB 150,150,149,148
DFB 146,144,142,139
DEFB 136,132,129,125
DEB 121,117,113,109
DFB 105,102,98,95
DFB 92,90,88,86
DFB 85,84 ,84,85
DFB 85,87,88,91
DFB 93,96,100,103
DFB 107,111,115,119
DFB 123,127,131,135
DFB 138,141,143,146
DFB 147,149,149,150
DFB 150,149,148,146
DFB 144,142,139,136
DFB 132,129,125,121
DFB 117,113,109,105
DFB 102,98,95,92 °
DFB 90,88

1

F15: DFB 117,119,122,124
DFB 126,128,130,133
DFB 135,136,138,140
DFB 142,143,144,146
DFB 147,148,149,149
DFB 150,150,151,151
DFB 151,151,150,150
DFB 149,148,148,147

N DFB 145,144,143,141

DFB , 140,138,136,134



132,130,128,126
124,122,119,117
115,113,110,108
106,104,102,100
98,96,94,92
91,89,88,87
85,84,84,83
82,82,81,81
81,81,82,82
83,83,84,85
86,88,89,90
92,94,96,97
99,102,104,106
108,110,113,115
117,119,122 ,124
126,128,130,133
135,136,138,140
142,143,144,146
147,148 ,149,149
150,150,151,151
151,151,150,150
149,148,148,147
145,144,143 ,141
140,138,136,134
132,130,128,126
124,122,119,117
115,113,110,108
106,104,102,100
98,96 ,94,92
91,89,88,87

85

117,120,123,125
128,130,132,135
137,139,141,143
145,146,148 ,149
150,151,152,152
153,153,153,153
153,152,152,151
150,149,147 ,146
144,143,141,139
137,134,132,130
127,125,122,120
117,115,112,110
107,105,102,100
98,95,93,91
90,88,86,85
83,82,81,80
80,79,79,79
79,79,80,80
81,82,83,84
86,87,89,91
93,95,97,100
1v2,104,107,109
112,115,117,120
123,125,128,130
132,135,137,139



Ve e e em - e e e e e e e e 4 - - - — - - M e A e e ma

141,143,145,146
148,149,150,151
152,152,153,153
153,153,153,152
152,151,150,149
147,146,144,143
141,139,137,134
132,130,127,125
122,120,117,115
112,110,107,105
102,100,98,95
93,91,90,88
86,85,83

119,122,124,127
130,133,136,138
141,143,145,147
149,151,152,154
155,156,156,157
157,157,156,156
155,154 ,153,152
150,149,147,145
143,140,138,;135
133,130,127,124
121,118,116,113
110,107,104,101
99,96,94,91
89,87,85,84
82,81,80,79
78,78,77,71
77,78,78,79
80,82,83,85
87,89,91,93
96,98,101,104
107,110,112,115
119,122,124,127
130,133,136,138
141,143,145,147
150,151,152,154
155,156,156 ,157
157,157,156,156
155,154,153,152
150,149,147,145
143,140,138,135
133,130,127,124
121,118,116,113
110,107,104,101
100,96,94,91
89,87,85,84

82

121,124,128,131
134,138,141,144
146,149,151 ,154
155,157,159,160
161,161,162,162



162,161,160,159
158,157,155,153
151,148,146,143
140,137,134,131
127,124,121,117
114,111,107,104
101,98,95,92
90,87,85,83
81,80,79,78
77,76,76,76
77,77,78,79
81,83,84,87
89,92,94,97
100,104,107,110
114,117,121,124
128,131,134,138
141,144,146,149
151,154,155,157
159,160,161,161
162,162,162,161
160,159,158,157
155,153,151,148
146,143,140,137
134,131,127,124
121,117,114,111
107,104,101,98
95,92,90,87
85,83,81

124,128,132,136
140,144,147,151
154,157,159,161
163,165,166 ,167
168,168,168,168
167,166,165,163
161,158,156,153
150,147,143,139
136,132,128,124
120,116,112,108
105,101,97,94
91,88,86,83
81,79,78,11
76,76,76,76
77,78,79,81
83,85,87,90
93,97,100,104
108,112,116.,120
124,128,132,136
140,144,147,151
154,157,159,161
163,165,166,167
168,168,168,168
167,166,165,163
161,158,156,153
150,147,143,139
136,132,128,124
120,116,112,108



105,101,97,94
91,88,86,83

118,122,126,130
134,138,141,145
148,151,153,156
157,159,160,161
162,162,162,162
161,160,159,157
155,152,150,147
144,141,137,133
130,126,122,118
114,110,106,102
99,95,91,88
85,82,80,77
75,73,72,71
70,70,70,70
71,72,73,75
77,79,81,84
87,91,94,98
102,106,110,114
118,122,126,130
134,138,141,145
148,151,153,156
157,159,160,161
162,162,162,162
161,160,159,157
155,152,150,147
144,141,137,133
130,126,122,118
114,110,106,102
99,95,91,88
85,82,80,77

75

123,128,133,137
142,146,150,154
158,161,164,166
168,169,170,171
171,171,176,169
167,165,163,160
157,153,149,145
141,137,132,128
123,118,113,109
104,100,96,92
88,84,81,78
76,74,72,71
70,70,70,71
72,73,75,77
80,83,87,91
95,99,104,108
113,118,123,128



133,137,142,146
150,154,158,161
164,166,168,169
170,171,171,171
170,169,167,165
163,160,157,153
149,145,141,137
132,128,123,118
113,109,104,100
96,92,88,84
81,78,76

. e s s e o an . - . - - - - -

117,122,127,132
136,141,145,149
152,155,158,160
162,164,165,165
166,165,164 ,163
162,160,157,154
151,148,144,140
136,131,127,122
117,113,108,103
99,94,90,86
82,79,76,73
70,68,67,66
65,64,65,65
66,68,70,72
75,78 ,81,85
89,94,98,103
108,113,117,122
127,132,136,141
145,149,152,155
158,160,162,164
165,165,166 ,165
164,163,162,160
157,154,151,148
144,140,136,131
127,122,117,113
108,103,99,94
90,86,82,79
76,73,70

124,130,136,141
147,152,157,161
165,168,171,173
175,176,177,177
176,174,173,170
167,164,160,155
151,146,141,135
130,124,118,113
107,101,96,91
87,82,78,75
72,69,68,66
66,65,66,67
69,71,74,77
81,85,90,95
101,106,112,118
124,130,136,141



147,152,157,161
165,168,171,173
175,176,177,177
176,1%4,173,170
167,164,160,155
151,146,141,135
130,124,118,113
107,101,96,91
87,82,78,75

72

119,125,131,136
142,147,152,156
160,163,166,168
170,171,172,172
171,169,168,165
162,159,155,150
146,141,136,130
125,119,113,108
102,97,91,86
82,77,73,70
67,65,63,61
60,60,61,62
64,66,69,72
76,80,85,90 °
96,101,107,113
119,125,131,136
142,147,152,156
160,163,166,168
170,171,172,172
171,169,168,165
162,159,155,150
146 ,141,136,130
125,119,113,108
102,97,91,86
82,77,73,70

67

127,135,142,149
155,161,167,172
176,180,182 ,184
185,185,185,183
181,178,174,170
165,160,154,147
141,134,127,120
113,106,100,93
87,82,77,73
69,66,64,62
62,62,63,65
68,71,75,80
86,92,98,105
112,120,127,135
142,149,155,161
166,172,176,179
182,184 ,185,185
185,183,181,178
174,170,165,160



154,147,141 ,134
127,120,113,106
100,93,87,82
77,73,69

123,130,137,144
151,157,162,167
172,175,178,180
181,181,180,179
177,174,170,165
161,155,149,143
136,129,122,116
109,102,95,89
83,77,73,68
64,61,59,58
57,57,58,60
63,66,71,76
81,87,94,101
108,115,123,130
137,144,151,157
162,167,172,175
178,180,181,181
180,179,177,174
170,165,161,155
149,143,136,130
122,116,109,102
95,89,83,77
73,78 ,64

118,126,133,140
146,152,158,163
167,171,173,175
176,176,176 ,174
172,169,165,161
156,151,145,138
132 € 12M%), 1 =T N
104,97,91,84
78,73,68,64
60,57,55,53
53,53,54,56
58,62,66,71
77,83,89,96
103,111,118,126
133,140,146 ,152
158,163,167 ,171
173,175,176,176
176,174,172,169
165,161,156,151
145,138,132,125
118,111,104,97
91,84,78,73
68,64,60

129,138,,147,156
164,171,177,183
187,191,193,193



193,192,189,185
181,175,169,161
154,146,137,128
120,111,102,94
87,79,73,67
63,59,56,55
55,55,58,61
65,71,77,84
92,101,110,119
129,138,147,156
164,171,177,183
187,191,193,193
193,192,189,185
181,175,169,161
154,146,137,128
120,111,102,94
87,79,73,67

63

125,134,143,152
160,167,174,179
183,187,189,190
189,188,185,181
177,171,165,157
150,142,133,124
116,107,98,90
83,75,69,63
59,55,52,51
50,51,53,57
61,66,73,80
88,97,106,115
125,134,143,152
160,167,174,179
183,187,189,190
189,188,185,181
177,171,165,157
150,142,133,124
116,107,98,90
83,75,69,63

59

121,130,139,148
156,163,170,175
179,183,185,186
185,184,181 ,177
173,167,161,153
146,138,129,120
112,103,94,86
179,71,65,59
55,51,48,47

46 ,47,49,53
57,62,69,76
84,93,112,111
121,130,139,148
156,163,170,175
179,183,185,186
185,184,181,



173,167,161,153
146,138,129,120
112,103,94,86
79,71,65,59

55

117,126,135,144
152,159,166,171
175,179,181,181
181,180,177,173
168,163,156,149
142,133,125,116
108,99,91,82
75,68,61,56
51,47,44,43
43,43,45,49
53,58,65,72
80,89,98,107
117,126 ,135,144
152,159,166,171
175,179,181,181
181,180,177,173
168,163,156,149
142,133,125,116
108,99,91,82
75,68,61,56

51

130,143,154,165
175,184,191,197
201,203,203,202
199,194,188,180
172,162,152 ,141
130,118,107,96
86,76 ,68,60
54,49,46,45
45,47,51,57
64,73,83,94
105,118,130,143
154,165,175,184
191,197,201,203
203,202,199,194
188,180,172,162
152,141,130,118
107,96,86,76
68,60,54 ’

127,139,151,162
172,181,188,194
197,200,200,198
195,191,184,177
168,159,148,137
126,115,103,93
82,73,64,57
50,46,43,41
41,43,47,53
60,69,79,90



@ e e o e o e o e e e e e e e - e e e e - - —

102,114,127,139
151,162,172,180
188,194,198,200
200,198,195,191
184,177,168,159
148,137,126,115
104,93,82,73
64,57,50

123,136,148,159
169,176,185,190
194,196,196,195
192,187,181,173
165,155,145,134
123,111,100,89
76,69,61,53
47,42,39,38
38,40,44,49
57,65,75,86
98,111,123,136
148,159,169,176
185,190,194,196
196,195,192,187
181,173,165,1855
145,134,123,111
100,89,76,69
61,53,47

120,132,144,155
165,174,181,187
191,193,193,191
188,183,177 ,170
161,151,141,130
119,108,97,86
76,66 ,57,50
44,39,36,34
34,36,40,46
53,62,72,83
95,107,120,132
144,155,165,174
181,187,191,193
193,191,188,183
177,170,161,151
141,130,119,108
97,86,76,66
57,50,44

117,139,141,152
162,171,178,184
188,190,190,188
185,180,174,167
158,149,138,127
116,105,94,83
73,63,54,47
41,36,33,31
31,33,37,43
50,59,69,80



92,104,117,129
141,152,162,171
178,184,188,190
190,188,185,180
174,167,158,149
138,127,116,105
94,83,73,63
54,47,41

134,151,167,182
194,204,212,217
218,217,214,207
199,188,176,163
148,133,118,103
88,75,63,52
44,37,34,33
34,39,46,57
69,84,100,117
134,151,167,182
194,204 ,212,217
218,217,214 ;207
199,188,176 ,163
148,133,118,103
88,75,63,52

44

131,148,164,178
191,201,208,213
215,214,210,204
195,185,172,159
145,130,114,99
85,72,59,49
40,34,30,29
31,36,43,53
66,80,96,113
131,148,164,178
191,201,208,213
215,214,210,204
195,185,172,159
145,130,114,99
85,72,59,49

40

128,145,161,175
188,198,205,210
212,211,207,201
192,182,169,156
142,127,111,96
82,69,56,46
37,31,27,26
28,33,40,50
63,77,93,110
128,145,161,175
188,198,205,210
212,211,207,201
192,182,169,156
142,127,111,96



82,69,56,46
37

125,142,158,172
185,195,202,207
209,208,204,198
189,178,166,153
139,124,108,94
79,66 ,54,43
34,28,24,23
25,30,37,47
60,74,90,107
125,142,158,172
185,195,202,207
209,208,204,198
189,178,166,153
139,124,108,94
79,66 ,54,43

34

122,139,155,169
182,192,199,204
206,205,201 ,194
186,175,163,150
135,121,105,91
76,63,51,40
32,25,21,20
22,27,34,44
57,71,87,104
122,139,155,169
182,192,199,204
206,205,201,194
186,175,163,150
135,121,105,91
76,63,51,40

32

119,136,153,167
186,190,197,202
203,202,198,192
183,173,161,147
133,118,103,88
74,60,48,38
29,23,19,18
19,24,31,41
54,69,85,102
119,136,153,167
180,190,197,201
203,202,198,192
183,173,161,147
133,118,103,88
74,60,48,38

29

117,134,150,165
177,187,195,199
201,200,196 ,189



181,170,158,145
130,116,100,86
71,58,46,35
27,20,16,15"
17,21,29,39
51,66,82,99
117,134,150,165
177,187,195,199
201,200,196,189
181,170,158,145
130,116,100,86
71,58,46,35

27
139,164,187,206
221,232,237,237
233,224,212,196
178,158,137,116
95,75,57,41
29,20,16,16
21,32,47,66
89,114,139,164
187,206,221,232
237,237,233,224
212,196,178,158
137,116,95,75
57,41,29

136,161,184,203
218,229,234,234
230,221,208,193
175,155,134,113
92,72,54,39
26,17,13,13
18,29,44,63
86,111,136,161
184,203,218,229
234,234,230,221
208,193,175,155
134,113,92,72

134,159,182,201
216,226,232,232
227,219,206,90
72,183,132,110
90,70,52,36
23,15,10,10
16,26,41,60
83,108,134,159
82,201,216,226
232,232,227,219



@ e e e e e e e e e .=

206,190,172,153
132,110,90,70
52,36,23

131,156,179,199
214,224,229,229
225,216,203,188
170,150,129,108
87,67,49,34
21,12,8,8
13,23,38,58
81,106,131,156
179,199,214,224
229,229,225,216
203,188,170,150
129,108,87,67
49,34,21

129,154,177,196
211,222,227.,227
222,213,201,185
167,147,127,105
85,65,47,31
79,10,5,5
10,21,36,55
78,103,129,154
177,196,211,222
227,227,222,213
201,185,167,147
127,105,85,65

. g7 AR <

126,152,174,194
209,219,224,224
220,211,198,183
165,145,124,103
82,62,44,29
16,7,3,3
8,18,33,53
75,101,126,152
174,194,209,219
224,224,220,211
198,183,165,145
124,103,82,62
44,29,16 :

125,150,173,192
207,217 ,222,222
218,208,196,181
163,143,122,101
80,60,42,27
14,5,1,1
6,16,31,50
73,98,125,150
173,192,207 ,217
222,222,218,209
196,181,163,143



U e o o e - . e v e e S m e e e e = = e e e e

122,101,80,60
42,27,14

122,146,169,188
203,212,217,217
213,204,192,177
159,140,119,99
78,59,41,26
14,5,1,1
6,15,30,49
72,96,122,146
169,188,203,212
217,217,213,204
192,177,159,140
119,99,78,59
41,26,14

119,144,166 ,184
199,209,213,213
209,200,188,173
156,137,117,97
77,58,41,26
14,5,1,1
5,15,30,48
70,95,119,144
166,184,199,209
213,213,209,200
188,173,156,137
177,97,77,58
41,26,14

117,141,163,181
195,205,209,209
205,197,185,170
153,135,115,95
76,57,40,25
13,5,1,1
5,15,29,47
69,93,117,141
163,181,195,205
209,209,205,197
185,170,153,135
115,95,76,57
40,25,13

115,138,159,178
191,201,205,205
201,193,181,167
150,132,113,93
74,56,39,25
13,5,1,1
5,15,28,46
68,91,115,138
159,178,191,201

©205,205,201,183

181,167,150,132
113,93,74,56



- et mr e v e

39,25,13

e Gt n aw en e w e en em eu w

145,181,212,235
249,253,249,237
219,196,170,141
112,83,57,34
16,4,0,4
18,41,72,108
145,181,212,235
249,253,249,237
219,196,170,141
112,83,57,34

143,178,128,130
224,248,244 ,232
215,192,166,138
110,82,56,33
16,4,0,4
18,40,70,105
143,178,128,230
224,248,244 ,232
245,192,166 ,138
110,82,56,33

16 )

140,175,205,226
240,244,240,229
211,189,164 ,136
108,80,55,33
15,4,0,4
18,39,69,104
140,175,205,226
240,244,240,229
211,189,164 ,136
108,80,55,33

15 :

236,240,236,225
208,186 ,161,134
106,79,54,32
15,4,0,4
17,39,68,102
138,172,201,223
236,240,236,225
208,186,161 ,134
106,79,54,32

15

136,169,198,219
232,236,232,221
204,183,158,132
104,78,53,32
15,4,0,4
17,38,67,100
136,169,198,219



DFB 232,236,232,221

DFB 204,183,158,132

DFB 104,78,53,32
DFB 15

F60: DFB 133,166,194,215
DFB 228,232,228,217
DFB 201,180,156,129
DFB 103,176,52,31
DFB 15,4,0,4
DFB 17,38,66,99
DFB 133,166,194,215
DFB 228,232,228,217
DFB 201,180,156,129
DFB 103,76,52,31
DFB 15 °
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