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ABSTRACT

In order to, the research of a high frequency induction transformer to generate high
intensity magnetic field still have got a disadvantage, in the term of high energy loss in primary coil
and secondary coil of system. To solve the above problem, this thesis studies and develops the
control system of heat induction for coating to consume energy less using the inductor load directly
connect to a half bridge inverter circuit. This technique does not effected to the energy consume in
transformer.

In the experiment, the system has been tested by tuning the frequency from micro
controller. This turning is reached the best and suitable frequency for this system which is 47 kHz.
This system is also controlled by on/off controller and PID controller. Both controller systems are
compared. The control signal was directly convert from analog to digital signals and then pass it to a
processor. The results will be used to find the best level of metal harden-coating in future
experiments.

In the term of apply to material harden-coating research, this system is tested with the
metal screw which is a 25 mm long, 6 mm diameter. The object was heated through current control
at 3 A for 1 minute with the same resonance frequency. The object was then put in the constant
27°C water for 15 seconds to reduce the temperature. Then the object was determined the hardness.
It was found that the object hardness was increased from between 287.6-288.9 MPa to 322.5-330.8
MPa, and power consumption of the system was 100-200 W. As a result, this system can be applied

to a mini coating or further research.

Keywords: heat induction, half bridge converter, resonance circuit.
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2.3 Unngmsaimafia (Skin Effect) [1]
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Sampling Setting  15round 12round 10round 8round Sround 3 round
No. point (A) (A) (A) (A) (A) (A) (A)
1 4 4.056 3.940 4.109 4.864 4.336 3.611
2 4 4.007 4.011 3.987 4.043 3.985 5.752
3 4 4.026 4.028 4.006 4.161 4278 3.528
4 4 4.044 4.053 4.016 4.161 4278 3.544
5 4 3.979 3.988 3.882 3.223 3.223 2.726
6 4 4.070 3.895 4.054 3.106 5.040 3.788
7 4 4.022 3.996 3.948 3.985 4.864 4.524
8 4 3.915 4.068 4.145 4.043 4.864 1.768
9 4 3.923 3.993 4.071 3.985 4.161 4.817
10 4 4.070 3.969 3.953 4.161 4.512 3.626
11 4 3.974 3.944 3.964 3.106 4.336 4.254
12 4 4.018 4.013 3.860 4.864 3.985 3.713
13 4 3.979 3.923 3.887 4.161 5.040 2.594
14 4 4.054 3.998 4.146 3.223 4.512 4.648
15 4 4.066 3.947 3.940 4.161 4.864 3.187
16 4 3.989 3.917 4.125 4.161 3.223 2.568
17 4 4.012 3.962 3.981 4.161 4.336 3.878
18 4 4.011 4.011 3.839 3.985 4.161 4.867
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Sampling Setting 15round 12round 10round 8round Sround 3 round
No. point (A) (A) (A) (A) (A) (A) (A)
19 4 4.027 4.036 4.233 4.161 5.040 4.250
20 4 4.003 4.006 3.826 4.043 4.278 2.954
21 4 3.991 3.966 4.085 3.223 4.336 4.492
22 4 3.982 3.956 3.739 4.864 5.040 3.001
23 4 3.917 4.043 4.191 4.864 4.864 4.725
24 4 4.078 3.895 4.078 4.043 4.864 4.529
25 4 4.032 3.992 4.044 3.985 3.985 3.373
26 4 3.957 4.018 3.920 3.106 4.336 2.358
27 4 3.974 4.044 3.961 3.223 3.223 3.572
28 4 4.042 4.040 4.040 3.106 5.040 3.471
29 4 4.002 3.939 4.026 4.161 4.278 2.773
30 4 4.049 4.004 3.986 3.985 4.278 4.616
31 4 4.026 4.035 3.959 3.106 4.336 4.287
32 4 4.019 4.008 4.015 4.161 4.336 4.379
33 4 4.033 3.956 4.096 4.161 4.864 3.967
34 4 4.081 4.005 4.142 3.223 4.512 4.135
35 4 4.026 3.984 4.119 4.864 4.864 2.012
36 4 4.113 3.938 4.022 4.161 4.336 4.082
37 4 3.995 3.950 3.852 3.985 3.223 2.576
38 4 3.971 4.145 4.091 4.864 4.864 2.773
39 4 3.952 3.999 3.965 4.161 5.040 3.454
40 4 4.055 3.981 3.879 4.864 5.040 5.218
41 4 4.062 4.032 3.980 4.043 4.512 3.929
42 4 4.001 3.891 4.240 4.043 4.161 4.095
43 4 3.961 3.938 3.874 3.106 3.985 4.071
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Sampling Setting 15round 12round 10round 8round Sround 3 round
No. point (A) (A) (A) (A) (A) (A) (A)
44 4 3.999 3.923 4.149 4.043 4.336 6.231
45 4 4.104 4.059 3.991 3.223 4.336 4.093
46 4 3.956 4.143 4.126 3.985 4.161 4.692
47 4 4.004 4.028 3.814 3.985 4.864 4.802
48 4 4.032 3.977 3.901 4.161 4.278 3.679
49 4 4.070 4.068 3.978 4.161 5.040 3.514
50 4 4.013 4.025 4.102 4.043 4.278 3.251
Seting Point
5.5 4
15 round
12 round
5.0 H 10 round
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< 40
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© 35
3.0 4
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0
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Process Capability of 8round

USL

Process Data
LSL 3.8
Target *
usL 4.2

| e\ ithin
|
|
Sample Mean  3.97308 |
|
|
|
|

= == QOverall

|
|
— Potential (Within) Capability
Cp 0.14
CPL 0.12
CPU 0.16
Cpk  0.12
CCpk 0.14
Overall Capability

Pp 0.2
PPL  0.11
| PPU  0.14
| Ppk 0.1
| Cpm *
|

|

Sample N 50
StDev (Within)  0.487697
StDev(Overall) 0.537459

T T T d T T T
2.8 B.2 3.6 4.0 4.4 4.8 5.2

Observed Performance
PPM < LSL  240000.00
PPM > USL 140000.00

PPM Total  380000.00

Exp. Within Performance
PPM < LSL 361335.13
PPM > USL 320862.36

PPM Total 682197.49

Exp. Overall Performance
PPM < LSL 373713.51
PPM > USL 336436.24
PPM Total  710149.74
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Process Capability of 10round

LSL USL
Process Data | | —— \\/ithin
LSt 3.8 | | = == Qverall
Target * : — _
usL 4.2 | / ~ \\ | Potentlacl (Wlthll'g Capability
] .51
Sample Mean  4.00674 | | p
Sample N 50 | i \; | CPL 053
StDev (Within)  0.129989 \ CPU  0.50
StDev(Overall) 0.114239 | | Cpk  0.50
| | CCpk 0.51
| 4 1 | Overall Capability
| | Pp 058
| I PPL  0.60
PPU 0.56
Ppk  0.56
j’ Cpm *
-
T T T T T T T T T T T
3.7 3.8 3.9 4.0 4.1 4.2

Observed Performance
PPM < LSL  20000.00
PPM > USL 40000.00
PPM Total 60000.00

Exp. Within Performance

PPM < LSL 55870.55
PPM > USL  68538.56
PPM Total 124409.10

Exp. Overall Performance
PPM < LSL  35172.03
PPM > USL 45347.16
PPM Total 80519.18
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Process Capability of 12round

LSL USL
Process Data | | Within
st B4 | i|= Overall
Target p z — _
usL 4.2 | | Potential (Within) C apability
Sample Mean  3.99361 | | Cp 1.23
Sample N 50 | | CPL 1.19
StDev (Within)  0.0543755 CPU  1.27
StDev(Overall) 0.0559256 | = | Cpk 119
| | CCpk 1.23
| | Overall Capability
| | Pp 1.19
| I PPL 1.15
PPU 1.23
| | Ppk  1.15
| | Cpm *
| |
|
T
2

T T T
3.84 3.90 3.96 4.02 4.08 4.14 4.20

Observed Performance
PPM < LSL 0.00
PPM > USL 0.00
PPM Total  0.00

Exp. Within Performance
PPM < LSL 185.06
PPM > USL 73.60
PPM Total  258.66

Exp. Overall Performance
PPM < LSL 268.26
PPM > USL 111.90
PPM Total  380.15
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Process Capability of 15round

LSL USL
Process Data | | s\ ithin
st 3.8 | | == == Qverall
Target * . — -
uSL 4.2 | | Potential (Within) Capability
Sample Mean  4.01486 | | Cp 1.43
Sample N 50 | | CPL 1.54
StDev (Within)  0.0464834 CPU 133
StDev(Overall) 0.0459311 | | Cpk 1.33
| | CCpk 1.43
| | Overall Capability
| I Pp 1.45
| | PPL 1.56
PPU 1.34
| | Ppk 134
| | Cpm *
| [
' |

T Y T u T T T Y
3.825 3.900 3.975 4.050 4.125 4.200

Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 1.90 PPM < LSL 1.45
PPM > USL 0.00 PPM > USL 34.04 PPM > USL 27.80
PPM Total  0.00 PPM Total  35.94 PPM Total  29.25
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Sampling Setting 15round 12round 10round 8round Sround 3 round
No. point (A) (A) (A) (A) (A) (A) (A)
1 3 2.960 3.089 2.733 2.143 2.275 4.054
2 3 3.014 3.023 1.906 2.833 3.733 3.814
3 3 3.055 3.012 3.706 2.380 3.146 2.775
4 3 2.978 2.990 2918 3.003 4.601 3.676
5 3 2.988 2.981 3.439 2.673 4.452 3.702
6 3 2913 2.969 3.320 3.501 2.596 3.242
7 3 3.008 2.995 2.922 3.549 1.778 2.790
8 3 2.941 2.988 2.804 2.630 2.105 3.769
9 3 3.062 3.001 2.342 2.876 3.618 2.833
10 3 2.952 2.975 2.684 3.162 3.530 2.558
11 3 3.013 2.965 2.884 3.073 2.942 2.306
12 3 3.013 3.148 3.258 2.660 3.912 3.062
13 3 3.072 3.032 3.346 3.348 3.117 2.751
14 3 3.024 3.116 2.866 2.663 1.072 1.043
15 3 2.918 3.041 4.127 3.501 2.349 2.965
16 3 3.017 3.018 2.757 2.573 1.822 3.413
17 3 3.064 3.092 3.566 2.458 2.428 2.812
18 3 3.020 3.022 4.550 2.849 2.845 1.621
19 3 3.116 3.061 3.328 2.821 2.757 2.653
20 3 2.997 3.076 2.955 3.615 2.835 3.845
21 3 3.002 3.032 3.109 2.800 1.899 2.578
22 3 3.054 3.073 2.778 2.774 3.027 3.420
23 3 3.057 2.952 2.667 2.810 3.917 4.185
24 3 3.060 3.096 2.771 2.757 2.761 3.669
25 3 2.948 3.050 3.040 2.741 3.421 2.596
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Sampling Setting 15round 12round 10round 8round Sround 3 round

No. point (A) (A) (A) (A) (A) (A) (A)

26 3 3.102 3.002 1.750 2.265 1.162 2.811
27 3 3.025 2.979 2.738 3.617 4.053 2.393
28 3 2.950 3.043 2.925 2.498 1.759 2.438
29 3 2.993 3.005 2.585 3.228 4.035 2.527
30 3 3.007 3.030 3.036 2.407 3.432 2.307
31 3 3.037 3.094 2.361 2.113 2.743 2.872
32 3 3.035 2.998 3.374 2.295 2.375 3.113
33 3 3.019 2910 3.620 3.179 2.818 4.029
34 3 3.043 2.907 2.769 2.795 1.720 1.713
35 3 3.030 2.933 3.375 2.290 3.022 3.326
36 3 2.986 2.944 2.619 3.406 2.936 2.646
37 3 2.973 2.967 2.989 2.718 2.545 2.921
38 3 3.072 2.955 3.128 2.304 3.572 2.166
39 3 3.021 2.993 2.423 3.950 4.052 2.667
40 3 3.014 3.047 2.745 1.943 3.407 1.251
41 3 2.952 3.040 2.913 3.234 1.449 2.875
42 3 3.034 3.062 3.334 3.569 1.178 3.222
43 3 3.045 3.026 2.099 2.317 2.779 2.526
44 3 3.017 3.066 1.971 3.384 3.718 2.296
45 3 3.056 2.974 1.925 2.545 4.705 2.807
46 3 3.068 2.983 2.194 3.219 2.938 2.730
47 3 3.056 2.959 3.440 2.737 3.177 4.063
48 3 2.938 2.962 3.260 2.769 4.255 3.668
49 3 2.994 2.922 3.492 2.719 3.010 2.569
50 3 2972 2.956 2.100 3.065 3.698 1.894
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Process Capability of 8round

Observed Performance
PPM < LSL  520000.00
PPM > USL 260000.00

PPM Total ~ 780000.00

Exp. Within Performance
PPM < LSL  452459.77
PPM > USL 227641.74
PPM Total 680101.51

Exp. Overall Performance
PPM < LSL 452459.77
PPM > USL 227641.74
PPM Total 680101.51

LSL USL
Process Data — \V/ithin
1 |
LSt 2.8 I = == QOverall
Target * - — —
usL 3.2 | Potential (Within) Capability
Sample Mean 2.85517 | Cp 0.14
Sample N 50 | CPL 0.04
StDev (Within) ~ 0.461849 CPU  0.25
StDev(Overall) 0.461849 /- | Cpk  0.04
| CCpk 0.14
Overall Capability
| Pp 0.4
PPL 0.04
PPU 0.25
Ppk  0.04
Cpm *
T v T T T T T T T
2.0 2.5 3.0 3.5 4.0
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Process Capability of 10round

USE\NJSL
Process Data | I — \\/ithin

LsL 2.8 | = == QOverall

Target *

USI? 3.2 =\ Potential (Within) Capability

Sample Mean  2.91885 Cp 0.12

Sample N 50 CPL  0.07

StDev(Within) ~ 0.565814 CPU 0.7

StDev(Overall) 0.565814 Cpk  0.07
CcCpk 0.12

Overall Capability
Pp 012
PPL  0.07
PPU  0.17
Ppk  0.07
Cpm *
T T T T T T T T T
1.8 2.4 3.0 3.6 4.2

Observed Performance Exp. Within Performance Exp. Overall Performance

PPM < LSL  420000.00 PPM < LSL  416816.31 PPM < LSL 416816.31

PPM > USL 320000.00 PPM > USL 309629.47 PPM > USL 309629.47

PPM Total 740000.00 PPM Total 726445.79 PPM Total  726445.79
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Process Capability of 12round

LSL USL
Process Data I | m—— \Vithin
LSL 2.8 | 7 | = == Qverall
Target * " — —
usL 3.2 | | Potential (Within) Capability
Sample Mean  3.01111 | | Cp 1.21
Sample N 50 | | CPL 1.28
StDev (Within) ~ 0.0551781 CPU 114
StDev(Overall) 0.0551781 | | Cpk  1.14
| | CCpk 1.21
| | Overall Capability
| | Pp 121
| | PPL 1.28
PPU 1.14
| | Ppk  1.14
| | Cpm *
I I
| 4/

T T T T T N
2.850 2.925 3.000 3.075 3.150

Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 65.12 PPM < LSL 65.12
PPM > USL 0.00 PPM > USL 309.38 PPM > USL 309.38
PPM Total  0.00 PPM Total 374.50 PPM Total  374.50
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Process Capability of 15round

LSL USL
Process Data | | Within
st 28 I R (| |= = Overal
Target * = — =
usL 3.2 | | Potential (Within) Capability
Sample Mean  3.0137 | I Cp 1.44
Sample N 50 | | CPL 1.54
StDev (Within)  0.0463453 \ CPU  1.34
StDev(Overall) 0.0463453 | || | Cpk  1.34
| I CCpk 1.44
| | Overall Capability
| | Pp 1.44
| | PPL  1.54
PPU 134
| | Ppk 134
| | Cpm *
| |
L, . . | — |

-, T T T 1
2.850 2.925 3.000 3.075 3.150

Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL 0.00 PPM < LSL 2.00 PPM < LSL 2.00
PPM > USL 0.00 PPM > USL 29.12 PPM > USL 29.12
PPM Total 0.00 PPM Total 31.13 PPM Total 31.13
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Sampling Setting  15round 12round 10round &8round Sround 3 round
No. point (A) (A) (A) (A) (A) (A) (A)
1 2 1.953 2.052 0.911 1.890 1.605 1.536
2 2 2.054 2.015 2.074 1.725 0.990 2.033
3 2 2.003 1.961 1.448 2.184 0.000 3.078
4 2 2.042 2.044 2.205 2.076 1.069 2.494
5 2 2.046 2.026 1.743 1.728 3.400 2.934
6 2 1.981 2.035 1.548 1.689 2.431 2917
7 2 1.999 2.025 2.668 2.144 1.728 1.527
8 2 2.019 2.099 2.766 397 1.804 1.517
9 2 2.002 1.908 1.374 2.442 2.013 0.494
10 2 2.023 2.077 2.408 1.529 2.368 2.711
11 2 1.988 2.002 1.790 1.957 1.483 0.704
12 2 2.046 2.051 1.550 1.476 2.583 1.195
13 2 1.973 2.024 2.802 2.132 2.831 1.903
14 2 1.969 2.087 1.882 2.796 1.145 2.224
15 2 2.022 1.928 1.755 1.951 1.666 3.302
16 2 1.941 1.947 2.385 2.427 2.315 1.142
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Sampling Setting 15round 12round 10round 8round Sround 3 round
No. point (A) (A) (A) (A) (A) (A) (A)
17 2 2.084 1.981 2.173 2.403 3.658 1.797
18 2 2.087 1.911 2.178 1.960 2.282 3.044
19 2 2.026 2.083 2.419 1.259 0.787 1.885
20 2 1.925 2.014 1.135 1.546 2.589 2.808
21 2 2.018 2.008 2.764 1.229 0.805 1.482
22 2 2.047 1.998 2.215 2.445 3.664 1.760
23 2 1.981 1.940 1.827 1.805 1.407 2.553
24 2 1.979 1.987 2.085 1.678 1.077 1.655
25 2 1.983 2.046 2.125 1.233 1.511 0.061
26 2 1.971 1.912 2.705 2910 3.385 1.842
27 2 2.007 2.016 2.408 1.495 1.742 1.858
28 2 2.018 2.078 1.655 1.687 2.870 0.536
29 2 2.013 2.128 1.173 2.549 0.926 1.432
30 2 1.945 2.047 1.960 2.062 1.657 1.130
31 2 2.086 2.005 2.702 2.569 2.419 2.183
32 2 2.009 1.993 0.908 2.146 0.936 3.142
33 2 2.104 2.017 2.001 2.252 2.376 3.076
34 2 1.929 2.001 2.487 0.960 2.063 1.400
35 2 2.045 2.085 0.839 1.266 2.501 1.759
36 2 1.997 2.015 2.146 1.400 1.614 4.399
37 2 2.019 2.024 2.886 2.065 2.978 2.553
38 2 1.948 2.089 1.611 1.151 1.609 1.441
39 2 2.036 2.007 1.870 1.999 0.234 2.086
40 2 2.034 1.992 1.990 1.468 1.222 2.770
41 2 2.046 2.030 1.217 1.525 2.523 2.747
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Sampling Setting 15round 12round 10round 8round Sround 3 round
No. point (A) (A) (A) (A) (A) (A) (A)
42 2 1.996 2.047 3.131 1.715 1.956 3.546
43 2 1.944 1.977 1.881 1.330 3.361 1.323
44 2 2.024 2.001 0.514 2.135 1.744 1.097
45 2 2.005 1.995 2.764 1.682 3.200 1.963
46 2 2.050 2.099 1.973 2.273 2.519 1.966
47 2 2.009 2.028 1.863 1.874 2.428 1.265
48 2 1.973 2.066 1.444 1.483 2.303 1.577
49 2 2.010 2.036 2.551 2.504 1.304 0.970
50 2 1.949 1.939 1.523 2317 2.436 1.680
35 Setting point

15 round

12 round
3.0 5

10 round
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1 gl
2_0_- .);_QA.E..AA .A AA A‘m«kl\ J AA{._‘A;A‘,A.;_,“ A g\‘.‘

Current (A)
M
‘

Ea

— | ——
— |
‘i‘

“A

s— (]

4

{

a\7 2
‘

0.5

0.0 . , . , . , . ,

0 10 20 . 30 40 50
Sampling No.

d' o 9 [ ' o A o Y ' =
31]7] 4.11 ﬂi]WﬂﬂaﬂQﬁﬂJuiyJWmﬂﬂuﬂﬁ'].l@]i’)ﬁ]"ll!?]uii’)ﬂ 810 12 thag 15 39U NNMITNUTUAURAY

A s
NNITTLLE 2 ll@mlﬂi

63



[

~ I [ Y v o =
g 4.11 Wuwamsnaassmsiadyanauaziloundaudiuiusen 8 8315 sou

= 1

v H Y 1
Tasasausoumsileunauiuiniu mstadyaalanuuiudlumsiaun 1ngii 4.11

o

]
v @ =

. . C 4 )
imstadyaandunszualiihindiulnaamiionin 2 weuuds ieiwanldavindiuiu
F)
é

aa

o 1 o I 1 °
soumsdeunduaremuiannudu 1y IdvesnnuuiugimeadadieTUsunsy Minitab 3

o zﬂl ] [ tﬂ' [ 9}::‘ = s ¥ [ tdy
ﬂ15ﬂ11’iuﬂl\1@uuhl“b"NﬂWﬁ'JﬂﬁiUuﬂJu']ﬂ!VIfJﬂﬂJﬁ‘Uul,WVI 1.8 D3 2.2 !L@N!Lﬂﬁ‘lﬂwaﬂ']'iﬂﬂaﬂ\iﬂﬂﬁﬂllﬂu

Process Capability of 8round

LSL USL

Process Data | s \Vithin
LSt 18 | | = == QOverall
Target * - — _
usL 2.2 | | Potential (Within) Capability
Sample Mean 1.87835 / | Cp 0.14
Sample N 50 | 1 | \ (C:::IL_J ggg
StDev (Within)  0.462728 :
StDev(Overall) 0.462728 Cpk 0.06

— CCpk 0.14
Overall Capability

Pp 0.14
PPL 0.06
PPU  0.23
Ppk  0.06
! E Cpm *

T T T T T
0.8 1.2 1.6 2.0 2.4 2.8

Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL  460000.00 PPM < LSL  432772.08 PPM < LSL  432772.08
PPM > USL 240000.00 PPM > USL  243490.88 PPM > USL 243490.88
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Process Capability of 10round

LSL  USL
Process Data | — \/ ithin
LSt 18 I = w= QOverall
Target * - — —
UsL 2.2 | Potential (Within) Capability
Sample Mean  1.96863 / \ cp o011
Sample N 50 CPL  0.09
StDev (Within) ~ 0.598992 — CPU 0.13
StDev(Overall) 0.598992 Cpk  0.09
CCpk 0.11
Overall Capability
— Pp 0.11
PPL 0.09
PPU 0.13
Ppk 0.09
Cpm *

0.6 1.2 1.8 2.4 3.0

Observed Performance Exp. Within Performance Exp. Overall Performance
PPM < LSL  360000.00 PPM < LSL  389157.54 PPM < LSL 389157.54
PPM > USL 340000.00 PPM > USL 349647.05 PPM > USL 349647.05
PPM Total  700000.00 PPM Total  738804.59 PPM Total  738804.59
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M15191 4.5 NMIUNUALD John G. Ziegler 11aig Nathaniel B. Nichols

Control Type Kp Ki Kd
P 0.50 Ku Y -
PI 0.45 Ku 1.2 Kp/Pu -
PID 0.60 Ku 2Kp/Pu KpPu/8

i1 Y 9
mMsdSua iesnnszuaNsnliuamimsaouaued 1ANIua 1024 40 (10 bits
o o VoA a a 4 [ o
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1 ADC @911 Ku = 0.2099 911 ADC(bits)/100%(gain = 1), 1024/100 = 10.24, (215/10.24)/100%
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Abstract

This paper proposes 2 method study and development induction beating system using low energy the method was
designed system by hafi-bridge inverter circuit to the direct Joad of LC series resonant. The half-bridge mverter had
been generating frequency on 47 kHz and adjustable a pulse width modulation (PWM) which program by
microcoatroller power supply full-bridge 50 volt and overload current sensor by means of hall current sensor. The
exemplar had an alumenum round bar dameter size & 10 13 men. and 10 mm. as long size. The method had provided
heat aluminum while 6«9 minute the small size of exemplar had melted fast more than extra size with use of current
among 7.55+9.2 ampere 5 used minimum electric power of 377.5 watt and 461 watt as maximum. Comparison with
other rescarch used of power since 0.5-3 kilowatt have to from an isolated high frequency transformer had been
losing power transfer maore than direct resonant Joad wherewith the material bave coincided of size.

€ 2013 The Authors. Published by Elsevier B.Y.
Selection and peersteview under responsibality of COE of Sustamalble Encegy System, Rajamangala Universaty of Technology
Thanysburi (RMUTT)

Keyword: hali-bridge nveneralumnum melied; mduction beating syseem

1. Introduction

Induction heating is a well-known technique to produce a very high temperature for applications [3]
this technique requires voltage of high frequency that is ability to stimulate a inducing high frequency
eddy current in piece of work is a result of heating effect. Induction heating equipment using high-
frequency inverter topologies has the practical advamages of safety. cost effectiveness, energy saving,
clean environment, very high thermal conversion efficiency, rapid and direct local focusing heating
process, high power density, high reliability, environmental non-acoustic and low electromagnetic noise

* Corresponding author. Tel: +642 349 3588; fax: +662 849 4822
E-mail address: jakkree s@en.romut.ac.th.
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[1,3-8] A large number of topologies have been developed in this area. Among them, current-fed and
voltage-fed inverters are most commonly used [3[ a half-bridge inverter is among the topologies used in
induction heating applications. Switching schemes like pulse density modulation (PDM) [2],
asymmetrical duty cycle control (ADC) [3] and frequency modulation (PFM) [4] have been reported. A
resonance circuit have been connected to a half bridge inverter is used with a high frequency transformer
which caused loss of power transformers in primary coil to secondary coil.

This work proposes an automatic adjustable by means of pulse-width modulation (PWM)for a half
bridge inverterwhich is connected to directed LC serial resonant. As a result a system is lower than
energy using high frequency transformer. That DC power supply can be using to power not exceeding 0.5
kw and system have melted of efficiently for a material.

Induction heating occurs from electrical and heating phenomenon based on electromagnetic Induction,
Skin Effect. and Heat Transfer. When supplying the AC signal to magnetic coil which specimen is
installed inside. The AC signal will induce magnetic field crossing the induction coil, so that , if the
specimen is magnetize the magnetic field crossing the specimen will induce current flow. Mostly,
specimen in skin deep level while the flowing paths are closed loops conducting beat on the specimen’s
skin. Such heat which depends on the induction current and equivalent resistance of the flowing paths will
be transferred to neighborhood through radiation, convection, and conduction at the Skin.

Fig.1 demonstrates simple induction heating method. If the specimen is installed inside or near the
induction coil, the specimen will be induced and the heat will occur. Considering the system as a
transformer Unit, the induction coil performs as primary coil whose turn equal to the turn of induction
coil and the specimen perform as one-turn secondary coil connecting to a load like short circuit due to the
equivalent resistance of the specimen is relatively low.

a.c. supely

Fig.1. Simple introduction heating.

Fig. 2 demonstrates equivalent circuit of the induction coil and the specimen. Giving I, as the current
flowing in the induction coil and I, as the current flowing in the specimen, these two currents are related
as follows

> = {INI

X

Fig.2. Equivalent induction heating circuit
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I, =N, (1)
Where R, is the equivalent resistance of specimen Heating losses,P,, in the specimen equals to
—1.2N.2
l:'w - ]1. Ni Rw (2)

Form equation (1) to (2) property of the induction coil can be calculated as shown Induction coil
efficiency

n=_—u 3)

T Ry +Ry

When the magnetic field induced eddy currents on the material, and heat from material. Heat depends
on the amount of current flow and the resistance of the material. Deep heat equation is shown as (4).

§= ﬁ G

4 = Skin depth
1 = Relative permeability
[ =Frequency
p = Resistivity

When the AC signal entered to the induction coil.Skin depth is the depth in millimeters which is more
or less heat depending on Induced currents and resistance of the path through which current flows. The
heat is transferred by thermal radiation to other area the rest of the material. Power supply converts an AC
voltage of 35 volts 50 Hz to dc voltage 50V and maximum currents of 15 amps for input to a half-bridge
inverter circuit. Frequency is 47 kHz generated by the microcontroller AVR megal6 of OSC control
diagram and FOD3120 driver pin gate a MOSFET of half bridge inverter circuit in order to the magnetic
induction. An inverter driver converts dc voltage into ac voltage square wave frequency 47 kHz to the
load resonance.Load resonant coil consists of 33 puH inductor connected in series with the capacitor 0.36
uF generate the magnetic field canal through the material cause radiate heat from eddy currents on
material. Current sensor used to measure the currents through load resonant circuit to forward to control
currents by OSC control.

Detecting the Hall current sensor current design and will be running two. It is part of hall current
sensor and op amp by hall current sensor.

It is the current and voltage signals into circuit with op amp is used to amplify signal and send to OSC
control limit current less than 10 amps as shown in Figure 3.

Fig. 3. Diagram of Hall current sensor
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In the current not to exceed limit. Method of adjusting duty cycle of Pulse-width modulation (PWM)
has decreased automatically using has been programming by microcontrollerAVR megal6 is main
controller which belong OSC control.

The induction heating system for that would work with higher of resonance frequency slightlythe
performance will take impedance at load resonance circuit fewbecause the specimen thermal resonance
frequency changestherefore management functions of the circuit to operate higher more a frequency
resonanceto prevent damage from short circuit current of MOSFET as resonance frequency.It can be
calculated from the equivalent circuit of Fig. 4.

Cq Lq
|
_
o
Vo Rgq

Fig. 4. Equivalent circuit of serial load resonance

Fig. 4 based on the inverter switching frequency is equal to the resonance frequency. A current through
circuit load resonance with the maximum current which can be determined by equation 3.

Zy=R*+ (X, + X¢)? (3)

2
o 2 3 1
Z,= JR +(2nf,Lg +mscq) (©6)

=i=7 ™)

= = @®

,flle +(znf51.q+;}z

mfeCq

i, is current through circuit load resonance.

The circuit can be divided into two periods, the work is the first that S1 closed circuit S2 open circuit
and the second is S1 open circuit S2 closed circuit as shown in Figure 5 and Figure 6 respectively voltage

are shown in Figure 7.
J: Cl

(18]

DC) ne
IL2
c2 52
Fig. 5. Periods 1 Fig. 6. Periods 2
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2. Experimental results

+Vo

¥ Vo

tl

2

Ll

Fig. 7. Output voltage of the inverter circuit

Experiments by heating the sample and measuringthe power at input of circuit to load resonance.
Experiment will measure the temperature in degrees Celsius on surface of work piece aluminum rods
sphere diameter of 8, 10, 13 mm, each bar is 10 mm and measure are counted time from begin of current
to the load resonant circuit as table 1 and table 2 is a results between current and time to heat the work

piece.
Tablel. Heat on the surface at different times Table2. Input current of load resonance at different times
size/time Bmm 1 0mm 13mm size/time Smm 10mm 13mm

1 min 245 227 204 1 min 9.22 B.78 8.5
2 min 484 430 335 2 min 8.97 B.52 832
3 min 513 457 401 3 min 8.70 8.34 811
4 min 597 514 442 4 min 8.33 8.07 7.95
5 min 633 581 486 5 min 8.29 7.91 7.86
6 min 673 603 506 6 min 8.03 7.83 7.8
7 min 682 634 561 7 min 7.70 7.82 1.76
8 min 702 672 612 8 min 7.67 7.74 7.73
9 min 712 698 668 9 min 7.55 7.6 7.64

From Table 1, heat generated on the work piece relative to time. When time for how long the surface
temperature will rise by a lot more time with.
From Table 2, whenincrease in the heat continued current flow in the load resonance decreases

continuously as program is set to run up to 10 amps.

)
gE8§

Temperature( C

- EEE

o § un el () mn -3 mm

Fig. 8. The relationship between temperature and time
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3. Conclusion

Experiments from figure8 when provide heat and work continuously. Temperature of the specimen has
increased rapidly. The work pieces are small; the temperature will rise faster than the larger pieces by
means of initial temperature of 1-7 minutes have increasing rapidly. And when the workpiece to
temperature arrive melting point temperature of the specimen is likely to remain since after 7 minute
onwards. Because rate of heat loss of the specimen with the thermal radiation from similar. From figurel0
when provide heat and work continuously. Temperature began increases of the workpiece and the current
through the series load resonant circuit is much from the beginning of time.When use time for it to heat to
work better current through the load resonance is markedly reduced from current limit program working
and when the workpiece started to change temperature less current trends constant, it has to be a reduction
of at least 5 minutes during the first is on.

When the minimum and maximum of current values were determined using a fusion power will be
equal to the lowest power 377.50 watts and maximum power used for melting is equal to 461 watts.
However, this research is in a preliminary experiment using low power. The prototype system is the
stability of system is not efficient enough which develop a control system must also provide a constant
frequency and PWM over the following.

References

[1] Sadakata H, Terai H, Omori H, Yamasita H, Nakaoka M. The development of ZCS-PWM-SEPF inverter with complexed
control method, IEEJ SPC-03-30, February 2003.

[2] Nam-Ju Park, Dong-Yun Lee, Dong-Seok Hyun, A Power-Control Scheme With Constant Switching Frequency in Class-D
Inverter forlnduction-Heating Jar Application, JEEE Trans. Ind. Electron., vol. 54, no. 3, June.

[3] Imbertson P, Mohan N, New directions in dc-dc power conversionbased on idealized concepts leading ultimately to the
asymmetrical duty-cycle power converter JEEE Trans. Circuits Syst. I, vol. 44, pp. 722-727, Aug. 1997.

[4] Viriya, P; Sittichok, S; Matsuse, K; Analysis of High-Frequency Induction Cooker with Variable Frequency Power
Control,” PCC Osaka 2002, vol.3, April, pp. 1507 — 1502

[5] Yasui K. Kitaizumi T, Bessyo D, Omori,H, Terai HM, Abdullah Al, Nakaoka, M, Latest development of soft switching
inverter power supply using active clamp scheme with a charge up function for magnetron drive, IEEJ PCC-Osaka, April 2002,
Vol. 3.pp. 1484-1489

[6] Bessyo D, Yasui K, Omori H, Terai H, Makaoka, M, The inverter circnit skills to realize low-cost, compact-size power
supply for microwave oven, and the advantages of improved defrosting, Proc [EEE-[AS Int. Appliance Technical Conf., April 2000.

[7] Sugimura H, Ahmed NA, Ahmed T, Lee H-W, Nakaoka M, Utility AC fequency to high frequency AC power conversion
circuit with soft switching PWM strategy, KIEE Int. Trans. Electr. Mach. Energy Convers. Syst., 2005, 5-B, (2), pp. 181-188.

[8] Muracka H, Nakaoka M, Sakamoto K, High-frequency PWM forward converter with auxiliary active clamped capacitor for
low voltage high current operation, Proc. JEEE Power Electronics Specialists Conf. (PESC), Vancouver, Canada, July 2001, Vol. 3,
pp- 1523-1528.

[9] Kaneda M, Tanaka H, Nakaoka M, A novel prototype of single-ended push-pull soft-switching high-frequency inverter
using a single auxiliary ZVS-PWM switch, Technical Report of IEICE-J Energy Electronics Professional Meeting, February 2000,
Vol. 100, No. 628, pp. 31-37.

95



Proceedings

11th
Eco-| gy c
Materials

Science and
Engineerit °

.Symp,sm

__.; O’ f\ j

o bt bt i vy b s

96



11 Eco-Energy and Matenials Science and Engineering Symposium, Phiket, Thailand, D, ber 18-21. 2013

Study and development Induction heating applied for hardening
P. Chamsuk *, J Srinonchat®

“Rufamngala Un of Technology Thauyaburt, Klong 6, Thanyaburs, P hani, Thaland
*psjamangala University of Techrology Thauyaburs, Kiong 6, Thanyabari,

Abstract— This paper proposes a method study and development induction heating applied for hardening using low
energy the method was designed system by haft-bridge inverter circuit to the direct load of LC series resonant. The half-
bridge inverter had been generating frequency on 47 kHz and adjustable a power which program by microcontroller power
supply full-bridge 50 volt and overload current sensor by means of hall current sensor. The exemplar had a steel bolts
diameter size 3 mm. The method had provided hear steel bolts while 3 minute after that let it cool down to normal
temperature. The method use of current among 3.6 ampere while no steel bolts and among 2.5 ampere while steel bolts is

used minimum electric power of 125 watt and 180 watt as maximum. Comparison with the other is coated with a hard and
difficult time and energy than this.

Keywords— Half bridge Inverter, Pulse width modulation, Moving average technique.

* Jokkree Srinonchat. Tel: +0-2-529.3564; fax: +0-2-529.3463,
E-mail address: jakkree s@en.rmutt.acth.
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1. INTRODUCTION

Induction hardening is a form of heat treatment in
which a metal part is heated by induction heating and then
quenched. The quenched metal undergoes a martensitic
transformation, increasing the hardness and brittleness of
the part. Induction hardening is used to selectively harden
areas of a part or assembly without affecting the
properties of the part as a whole [1]. Induction heating is a
non contact heating process which utilises the principle of
electromagnetic induction to produce heat inside the
surface layer of a work-piece. By placing a conductive
material into a strong alternating magnetic field, electrical
current can be made to flow in the material thereby
creating heat due to the I2R losses in the material. In
magnetic materials, further heat is generated below the
curie point due to hysteresis losses. The current generated
flows predominantly in the surface layer, the depth of this
layer being dictated by the frequency of the alterating
field, the surface power density, the permeability of the
material, the heat time and the diameter of the bar or
material thickness. By quenching this heated layer in
water, oil or a polymer based quench the surface layer is
altered to form a martensitic structure which is harder
than the base metal [2].

2. HEAT INDUCTION HARDENING

Heat induction using the magnetic field induce to
device under hardening, magnetic field will made the
eddy current on surface device, impact from eddy current
made the device under hardening heat up, the surface
temperature depend on eddy cument on surface versus
resistance of device under hardeming.  skin depth
temperature belong 10 frequency and permittivity of
material by equation (1)

¥ =)o
i &
where

& = Skin Depth

= Permititivity of matterrial
P = Marterial resistance

f = frequency of current using

When apply alternation current to  device under
hardening the skin dept will belong to frequency,
Induction heating systems for hardening are available in a
variety of different operating frequencies typically from
1kHz to 400kHz. Higher and lower frequencies are
available but typically these will be used for specialist
applications. The relationship between operating
frequency and current penetration depth and therefore
hardness depth is inversely proportional, the lower the
frequency the deeper the case, there fore if the system

* Jakkree Srinonchat. Tel: +0.2.529.3564; fax: <0.2-549-3563.
E-madl address: jakkree.s@en.mmuttac th.
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require to hardening sureface with maintain the material
property under material depth, the system must able to
varies operating frequency too, Frequencies for various
case depths and material diameters shown as table (1).

Fig.1. Simple introduction heating.

Power 08¢ Inversor

Sapply Control Driver

e < Load
Resomant

Fig 2. An induction heating system

Table 1. Frequencies for various case depths and
material diameters [1]

Case depth Bar diameter Frequency
{mm} [mm] [kHz|
0810 1.5 Sw2s 200 to 400
0.5 030 10 10 50 10 10 100

=50 3010

200 50 3w 10

30w 10.0 3010 100 lw3
=100 |

3. MOVING AVERAGE TECHNIQUE

In statistics, a moving average (rolling average or
running average) is a calculation to analyze data points by
creating a series of averages of different subsets of the full
data set. Is also called a moving mean or rolling mean and
is a type of finite impulse response filter. Variations
include: simple, and cumulative, Given a series of
numbers and a fixed subset size, the first element of the
moving average is obtained by taking the average of the
initial fixed subset of the number series. Then the subset
is modified by "shifting forward"; that is, excluding the
first number of the series and including the next number
following the original subset in the series. This creates a
new subset of numbers, which is averaged. This process is
repeated over the entire data series. The plot line
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connecting all the (fixed) averages is the moving average.
A moving average is a set of numbers, each of which is
the average of the corresponding subset of a larger set of
datum points. A moving average may also use unequal
weights for each datum value in the subset to emphasize
particular values in the subset.

A moving average is commonly used with time series data
o0 smooth out short-term fluctuations and highlight
longer-term trends or cycles. The threshold between short-
term and long-term depends on the application, and the
parameters of the moving average will be set accordingly.
For example, it is often used in technical analysis of
financial data, like stock prices, retumns or trading
volumes. It is also used in economics to examine gross
domestic product, employment or other macroeconomic
time series. Mathematically, a moving average is a type of
convolution and so it can be viewed as an example of a
low-pass filter used in signal processing. When used with
non-time series data, a moving average filters higher
frequency components without any specific connection to
time, although typically some kind of ordering is mmplied.
Viewed simplistically it can be regarded as smoothing the
data, In a cumulative moving average, the data arrive in
an ordered datum stream, and the user would like to get
the average of all of the data up until the current datum
point. For example, an investor may want the average
price of all of the stock transactions for a particular stock
up until the current time. As each new transaction occurs,
the average price at the time of the transaction can be
calculated for all of the transactions up to that point using
the cumulative average, typically an equally weighted
average of the sequence of / values xy, ... x; up to the
current time

R
CA = —

Where
CAi = Resalt from calculation
X = Input data by varies time
I = round of varies time

4. IMPLEMENTATION AND RESULTS

The skin depth control were direct impact to current
control and frequency control system, stability of cumrent
will made the hardening quality good or poor, current
control system by using digital feed back coatrol system
must got the corect input, analog input from induction will
contain a lot of noise due to induction system will
generted harmonic from various frequency and properties
of load, when load temperature has change materail
resistance will reduce from original value (3), the moving
average will impove the quality of input reading,
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FigA. Experiment testing
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Fig 5. Moving average round versus setting point

The moving average direct impact to the quality of
input reading for feedback system, the expiriment was
show the reading between actual and setting point, round
of moving average direct impact to quality of input
reading, high calculation round will made CPK increas,
after 8 round calcualtion quality of input reading beyond
to set point which giving CPK above 0.75, at 10 round
calculation CPK reach to 1.51, After 10 round to 20 round
CPK increass only 2.5%
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Fig 5 shows the best conirol in the use of the conirol
system at the 10 round, when applied with materials is
steel bolis 3 mm, the moving average can provide heat
to work within 3 minutes using current to 2.5 amps. And
when the test is used to control the number of systems
have been used for more than ten electricity for maore
than 2.5 amps becaose the system enters the stafe set
st

Fig 6, an experiment using the size of the mut screw 3
millimeter long, 100 mm controlled flow af 2.5 amps
using moving averageld cyele conirol a5 a period of 3
minutes after the specimen is taken o reduce the heat
immediately with water iemperature 25 "¢ then the
material propertics of the specimen 1o the test next.

5  SUMMARY

This article paper presents the development of heat
induction technigue to hardening bolt, the inverter usage
4Tkhz generated, driven by Pulse with modulation
technique with half bridge concept, Power of inverter
123W, bolt diameter 3 mm, development technigue using
moving average technique o improve stability of inverter
at feedback control system, the resubt are comparison
between processing time versus stability of current output,
. time process per cycle abour 20mSec, resuli show
processing time versus stability best point at 10 round
caleulation with CPK of current setting up from 251w 3.5
by using process timse 10mSec per 10 round calculatbon.

The system can be applied in a coating of solid
metal. It is tme to dip 0 3 minutes each time, which in
turn is expected o have a material hardness compared 1o
the unvarnished. The system can be used in the lowest
power at 125 warts and 180 walts max.
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/*****************************************************
This program was produced by the

CodeWizardAVR V2.05.3 Standard

Automatic Program Generator

Copyright 1998-2011 Pavel Haiduc, HP InfoTech s.r.1.
http://www.hpinfotech.com

Project :

Version :

Date :12/23/2012

Author : PerTic@n

Company : If You Like This Software,Buy It

Comments:
Chip type : ATmegal6
Program type : Application

AVR Core Clock frequency: 8.000000 MHz

Memory model : Small

External RAM size 10
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Data Stack size 1256

*****>X<>X<*>X<>X<*>X<>X<*>X<>X<>X<>X<>X<>X<>X<>X<>X<>X<>X<>X<>X<>X<*>X<>X<**********************/

#include <megal6.h>

#include <stdio.h>

#include <math.h>

#include <stdlib.h>// External Interrupt 0 service routine

#include <delay.h>

// Declare your global variables here

void main(void)

// Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T

PORTA=0x00;

DDRA=0x00;

// Port B initialization
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// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T

PORTB=0x00;

DDRB=0x00;

// Port C initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=0Out

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=0

PORTC=0x00;

DDRC=0x01;

// Port D initialization

// Func7=0ut Func6=In Func5=In Func4=In Func3=In Func2=In Func1=0ut Func0=In

// State7=0 State6=T State5=T State4=T State3=T State2=T State1=0 State0=P

PORTD=0x01;

DDRD=0x82;

// Timer/Counter 0 initialization

/I Clock source: System Clock

// Clock value: Timer 0 Stopped

// Mode: Normal top=0xFF
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// OCO output: Disconnected

TCCR0=0x00;

TCNT0=0x00;

OCR0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

// Clock value: Timer1 Stopped

// Mode: Normal top=0xFFFF

// OC1A output: Discon.

// OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer1 Overflow Interrupt: Off

// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off

// Compare B Match Interrupt: Off

TCCR1A=0x00;

TCCR1B=0x00;
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TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCR1BL=0x00;

// Timer/Counter 2 initialization

/I Clock source: System Clock

// Clock value: Timer2 Stopped

// Mode: Normal top=0xFF

// OC2 output: Disconnected

ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

// External Interrupt(s) initialization
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/' INTO: Off

/I INT1: Off

/I INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x00;

// USART initialization

/I USART disabled

UCSRB=0x00;

// Analog Comparator initialization

// Analog Comparator: Off

// Analog Comparator Input Capture by Timer/Counter 1: Off

ACSR=0x80;

SFIOR=0x00;

// ADC initialization

// ADC disabled

ADCSRA=0x00;
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// SPI initialization

// SPI disabled

SPCR=0x00;

// TWI initialization

// TWI disabled

TWCR=0x00;

PORTD.7=0;

PORTC.0=0;

while (1)

PORTC.0=0;

#asm("nop")

PORTD.7=1;

delay us(10);

#asm("nop")

#asm("nop")

#asm("nop")

#asm("nop")
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#asm("nop")
PORTD.7=0;
#asm("nop")
PORTC.0=1;
delay us(10);
#asm("nop")
#asm("nop")
#asm("nop")
#asm("nop")

#asm("nop")

Tilsunsuniugunszua

/*****************************************************

This program was produced by the
CodeWizardAVR V2.05.3 Standard

Automatic Program Generator
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Copyright 1998-2011 Pavel Haiduc, HP InfoTech s.r.1.

http://www.hpinfotech.com

Project :

Version :

Date :11/4/2013

Author : PerTic@n

Company : If You Like This Software,Buy It

Comments:
Chip type : ATmegal6
Program type : Application

AVR Core Clock frequency: 8.000000 MHz

Memory model : Small

External RAM size 10

Data Stack size 1256

************>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<***>l<***********************/

#include <megal6.h>

#include <megal6.h>

#include <stdio.h>
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#include <math.h>

#include <stdlib.h>// External Interrupt 0 service routine

#include <delay.h>

#define ADC_VREF_TYPE 0x40

int tmp 1,tmp2;

// Read the AD conversion result

unsigned int read adc(unsigned char adc_input)

ADMUX=adc input | (ADC_VREF TYPE & 0xff);

// Delay needed for the stabilization of the ADC input voltage

delay us(10);

// Start the AD conversion

ADCSRA[=0x40;

// Wait for the AD conversion to complete

while ((ADCSRA & 0x10)==0);

ADCSRAJ=0x10;

return ADCW;
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// Declare your global variables here

void main(void)

// Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T

PORTA=0x00;

DDRA=0x00;

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In

/] State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T

PORTB=0x00;

DDRB=0x00;

// Port C initialization

// Func7=0ut Func6=0ut Func5=0ut Func4=0Out Func3=0ut Func2=0ut Func1=0ut Func0=0Out

// State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State1=0 State0=0
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PORTC=0x00;

DDRC=0xFF;

// Port D initialization

// Func7=0ut Func6=0ut Func5=0ut Func4=0Out Func3=0ut Func2=0ut Func1=0ut Func0=0Out

// State7=0 State6=0 State5=0 State4=0 State3=0 State2=0 State1=0 State0=0

PORTD=0x00;

DDRD=0xFF;

// Timer/Counter 0 initialization

/I Clock source: System Clock

// Clock value: Timer 0 Stopped

// Mode: Normal top=0xFF

// OCO0 output: Disconnected

TCCR0=0x00;

TCNT0=0x00;

OCR0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

// Clock value: Timer1 Stopped
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// Mode: Normal top=0xFFFF

// OC1A output: Discon.

// OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer1 Overflow Interrupt: Off

// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off

/I Compare B Match Interrupt: Off

TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;
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OCR1BL=0x00;

// Timer/Counter 2 initialization

/I Clock source: System Clock

// Clock value: Timer2 Stopped

// Mode: Normal top=0xFF

// OC2 output: Disconnected

ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

// External Interrupt(s) initialization

/I INTO: Off

/I INT1: Off

/' INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x00;
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// USART initialization

// USART disabled

UCSRB=0x00;

// Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off

ACSR=0x80;

SFIOR=0x00;

// ADC initialization

/I ADC Clock frequency: 125.000 kHz

/I ADC Voltage Reference: AVCC pin

// ADC Auto Trigger Source: ADC Stopped

ADMUX=ADC VREF TYPE & 0xff;

ADCSRA=0x86;

// SPI initialization

// SPI disabled

SPCR=0x00;

// TWI initialization
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// TWI disabled

TWCR=0x00;

PORTD.7=0;

PORTC.0=0;

tmp1=0;

while (1)

PORTC.0=0;

#asm("nop")

tmpl=tmpl+1;

if(tmp1 >= 10)

tmp2=read_adc(0);

tmp1=0;
}
PORTD.7=1;

delay us(10);

if(tmp2 > 250)
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#asm("nop")

#asm("nop")

#asm("nop")

#asm("nop")

#asm("nop")

PORTD.7=0;

#asm("nop")

PORTC.0=1;

delay us(10);

if(tmp2 > 250)

#asm("nop")

#asm("nop")

#asm("nop")

#asm("nop")

#asm("nop")
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/*****************************************************
This program was produced by the

CodeWizardAVR V2.05.3 Standard

Automatic Program Generator

Copyright 1998-2011 Pavel Haiduc, HP InfoTech s.r.1.
http://www.hpinfotech.com

Project :

Version :

Date :12/23/2012

Author : PerTic@n

Company : If You Like This Software,Buy It
Comments:

Chip type : ATmega8L
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Program type : Application

AVR Core Clock frequency: 8.000000 MHz

Memory model : Small

External RAM size 10

Data Stack size 1256

*****************************************************/

#include <mega8.h>

#include <delay.h>

#include <stdio.h>

#include <math.h>

#include <stdlib.h>// External Interrupt 0 service routine

#include <string.h>// Declare your global variables here

float volt,amp,power,power KWH,tick2;

int t1,t2,d1,d2,d3,d4,d5;

int tickl,tmp1;

char status,data;

#ifthdef RXB8

#define RXBS§ 1
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#endif

#ifndef TXBS§

#define TXBS 0

#endif

#ifndef UPE

#define UPE 2

#endif

#ifndef DOR

#define DOR 3

#endif

#iftndef FE

#define FE 4

#endif

#ifndef UDRE

#define UDRE 5

#endif

#ithdef RXC

#define RXC 7
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#endif

#define FRAMING_ERROR (1<<FE)

#define PARITY_ERROR (1<<UPE)

#define DATA_OVERRUN (1<<DOR)

#define DATA_REGISTER_EMPTY (1<<UDRE)

#define RX_ COMPLETE (1<<RXC)

// USART Receiver buffer

#define RX_BUFFER_SIZE 8

char rx_buffer[RX BUFFER_SIZE];

#if RX_BUFFER_SIZE <= 256

unsigned char rx_wr_index,rx rd index,rx counter;

#else

unsigned int rx_wr_index,rx_rd index,rx counter;

#endif

// This flag is set on USART Receiver buffer overflow

bit rx_buffer overflow;

// USART Receiver interrupt service routine

interrupt [USART RXC] void usart_rx_isr(void)
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char status,data;

status=UCSRA;

data=UDR;

t2=0;

status=UCSRA;

data=UDR;
if(t1==5)
{
t1=0;
goto exit2;
h
if(t1>0)
{

goto set_tick;

if (data=="m")
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volt=volt*0.03910;

printf("%-f",volt);

printf("V , ");

amp = 512 - amp;

amp=amp*0.0586;

printf("%-{",amp);

printf("A , ");

power = volt*amp;

printf("%-{",power);

printf("W , ");

printf("%-f",power KWH);

printf("KWHTr");

printf("\r\n");

t1=0;

goto exitl;

else if (data=="s")
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printf("Start set Tick");

printf("\r\n");

goto exitl;

else if (data=="r")

t2=1;

tick2=0;

power KWH=0;

printf("\r\n");

printf("Start Log");

printf("\r\n");

goto exitl;

else if (data=="¢")

t2=0;
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printf("\r\n");

printf("Stop Log");

printf("\r\n");

goto exitl;

else

goto exitl;

set_tick:

if (t1==4)

printf(".");

if (data=="0")

if(t1==1)d1=0;

if(t1==2)d2=0;
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if(t1==3)d3=0;

if(t1==4)d4=0;

t1=t1+1;

printf("0");

goto exitl;

if (data=="1")

iftt1==1)d1=1;

if(t1==2)d2=1;

if(t1==3)d3=1;

if(t1==4)d4=1;

t1=t1+1;

printf("1");

goto exitl;

if (data=="2")
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iftt1==1)d1=2;

if(t1==2)d2=2;

if(t1==3)d3=2;

if(t1==4)d4=2;

t1=t1+1;

printf("2");

goto exitl;

if (data=="3")

if(t1==1)d1=3;

if(t1==2)d2=3;

if(t1==3)d3=3;

if(t1==4)d4=3;

t1=t1+1;

printf("'3");

goto exitl;
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if (data=="4")

if(t1==1)d1=4;

if(t1==2)d2=4;

if(t1==3)d3=4;

if(t1==4)d4=4;

t1=t1+1;

printf("'4");

goto exitl;

if (data=="5")
iftt1==1)d1=5;
if(t1==2)d2=5;
if(t1==3)d3=5;
if(t1==4)d4=5;
t1=tl+1;
printf("s");
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goto exitl;

if (data=="6")
ift1==1)d1=6;
if(t1==2)d2=6;
if(t1==3)d3=6;
if(t1==4)d4=6;
t1=tl+1;
printf("6");
goto exitl;
if (data=="7")
if(t1==1)d1=7;
if(t1==2)d2=7;
if(t1==3)d3=7;
if(t1==4)d4=7,;
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t1=t1+1;

printf("7");

goto exitl;

if (data=="8")

if(t1==1)d1=8;

if(t1==2)d2=8;

if(t1==3)d3=8;

if(t1==4)d4=8;

t1=t1+1;

printf("'8");

goto exitl;

if (data=="9")

if(t1==1)d1=9;

if(t1==2)d2=9;
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if(t1==3)d3=9;

if(t1==4)d4=9;

t1=t1+1;

printf("9");

goto exitl;

exit2:

printf("\r\n");

printf("Setting Done ");

printf("%d",d1);

printf("%d",d2);

printf("%d",d3);

printf(".");

printf("%d",d4);

printf(" Sec");

printf("\r\n");

tick1=((d1*1000)+(d2*100)+(d3*10)+(d4*1));

if (tick1==0)
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d4=1;

printf("\r\n");

printf("Invalid Setting restore to ");

printf("%d",d1);

printf("%d",d2);

printf("%d",d3);

printf(".");

printf("%d",d4);

printf(" Sec");

printf("\r\n");

t1=0;

exitl:

data=0;

// printf("\r\n\OK\r\n\n");

#ifndef DEBUG TERMINAL IO
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// Get a character from the USART Receiver buffer

#define ALTERNATE_GETCHAR _

#pragma used+

char getchar(void)

char data;

while (rx_counter==0);

data=rx_buffer[rx rd index++];

#if RX_BUFFER_SIZE I= 256

if (rx_rd_index == RX BUFFER SIZE) rx_rd_index=0;

#endif

#asm("cli")

--rX_counter;

#asm("sei"

return data;

#pragma used-

#endif
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// Standard Input/Output functions

#include <stdio.h>

#define ADC_VREF_TYPE 0x40

// Read the AD conversion result

unsigned int read_adc(unsigned char adc_input)

ADMUX=adc_input | (ADC_VREF TYPE & 0xff);

// Delay needed for the stabilization of the ADC input voltage

delay us(10);

// Start the AD conversion

ADCSRAJ=0x40;

// Wait for the AD conversion to complete

while ((ADCSRA & 0x10)==0);

ADCSRA[=0x10;

return ADCW;

// Declare your global variables here

void main(void)
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// Declare your local variables here

// Input/Output Ports initialization

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In

/] State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T

PORTB=0x00;

DDRB=0x00;

// Port C initialization

// Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In

// State6=T State5=T State4=T State3=T State2=T State1=T State0=T

PORTC=0x00;

DDRC=0x00;

// Port D initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=0ut Func0=In

// State7=T State6=T State5=T State4=T State3=T State2=T State1=0 State0=P

PORTD=0x01;

DDRD=0x02;
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// Timer/Counter 0 initialization

/I Clock source: System Clock

// Clock value: Timer 0 Stopped

TCCRO0=0x00;

TCNT0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

// Clock value: Timer1 Stopped

// Mode: Normal top=0xFFFF

// OC1A output: Discon.

// OC1B output: Discon.

// Noise Canceler: Off

// Input Capture on Falling Edge

// Timer1 Overflow Interrupt: Off

// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off

// Compare B Match Interrupt: Off

TCCR1A=0x00;
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TCCR1B=0x00;

TCNT 1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCRI1BL=0x00;

// Timer/Counter 2 initialization

// Clock source: System Clock

// Clock value: Timer2 Stopped

// Mode: Normal top=0xFF

// OC2 output: Disconnected

ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;
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// External Interrupt(s) initialization

/I INTO: Off

/I INT1: Off

MCUCR=0x00;

// Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x00;

// USART initialization

// Communication Parameters: 8 Data, 1 Stop, No Parity

// USART Receiver: On

// USART Transmitter: On

// USART Mode: Asynchronous

// USART Baud Rate: 9600

UCSRA=0x00;

UCSRB=0x98;

UCSRC=0x86;

UBRRH=0x00;

UBRRL=0x33;

// Analog Comparator initialization
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/I Analog Comparator: Off

// Analog Comparator Input Capture by Timer/Counter 1: Off

ACSR=0x80;

SFIOR=0x00;

// ADC initialization

/I ADC Clock frequency: 125.000 kHz

// ADC Voltage Reference: AVCC pin

ADMUX=ADC VREF TYPE & 0xff;

ADCSRA=0x86;

// SPI initialization

// SPI disabled

SPCR=0x00;

// TWI initialization

// TWI disabled

TWCR=0x00;

// Global enable interrupts

#asm("sei")

t1=0;
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power KWH=0;

while (1)

// Place your code here

amp = read_adc(0);

volt=read_adc(1);

d5 =read adc(0);

if (t2==1)

volt=volt*0.03910;

printf("%-1",volt);

printf("V , ");

amp = 512 - amp,

amp=amp*0.0586;

printf("%-{",amp);

printf("A , ");

power = volt*amp;

printf("%-1",power);

141



printf("W , ");

printf("%-f",power KWH);

printf("KWHr");

printf("\r\n");

tick1=((d1*1000)+(d2*100)+(d3*10)+(d4*1));

for (tmp1 = 0; tmp1 < tick1; tmp1++) // 0010 =1000mSec

delay ms(100); //100 = 1sec

// tick2=tick2+((tick1*100)/1000);

tick2=(tick1/10);

power KWH= power KWH + (((power/1000)*tick2) /3600) ;
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