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ABSTRACT

A device used for measuring the current-voltage characteristics of the photovoltaic string
has been developed. The device is capable of measuring the open circuit voltage up to 400 V.
The circuit uses the low impedance AC voltage source with the peak voltage of 310 V as the load.
The high power IGBT controlled by the zero crossing detector is used to switch the photovoltaic
string to the load. The zero crossing circuit provides the IGBT’s triggering signal that
synchronized with the AC voltage source. The 10-bit ADC board has been developed for
capturing the signals from voltage and current sensors. The voltage signal is produced from the
voltage divider. The current signal is produced from the 0.4 Ohms shunt resistor. The PC
software for data reduction has been developed with VB. The software processing provides the
graphical display for I-V curve, maximum power and fill factor. The device has been tested with
the one string of the single crystal PV array with the open circuit voltage of 380 V and the short

circuit current of 4.8 A. The results showed the average efficiency of the PV string was 9 %.

Keywords : Measuring I-V characteristics, Photovoltaic Array
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Date | Time | Vmax | Imax | Voc Isc | Pmax | FF | Irradiance | Templ | Tcell | Efficiency
2/12/52 | 6:00 0 0 0 0 0 0 22.1 30.5 28 0
2/12/52 | 6:05 0 0 0 0 0 0 204 23.5 20.5 0
2/12/52 | 6:10 0 0 0 0 0 0 238 235 20.5 0
2/12/52 | 6:15 0 0 0 0 0 0 22.1 23.5 20.5 0
2/12/52 | 6:20 0 0 0 0 0 0 255 235 20.5 0
2/12/52 | 6:25 0 0 0 0 0 0 15.2 23.5 20.5 0
2/12/52 | 6:30 0 0 0 0 0 0 35.8 235 21 0
2/12/52 | 6:35 0 0 0 0 0 0 35.8 23.5 21 0
2/12/52 | 6:40 0 0 0 0 0 0 71.1 23.5 21 0
2/12/52 | 6:45 0 0 0 0 0 0 62.0 23.5 21.5 0
2/12/52 | 6:50 0 0 0 0 0 0 88.2 24 215 0
2/12/52 | 6:55 0 0 0 0 0 0 226.7 24 22 0
2/12/52 | 7:00 0 0 0 0 0 0 100.7 245 22 0
2/12/52 | 7:05 0 0 0 0 0 0 123.5 245 225 0
2/12/52 | 7:10 0 0 0 0 0 0 135.5 25 23 0
2/12/52 | 7:15 0 0 0 0 0 0 133.2 25 235 0
2/12/52 | 7:20 0 0 0 0 0 0 1355 25.5 24 0
2/12/52 | 7:25 | 287.4 | 0295 | 381.8 | 0.333 | 84.8 | 0.668 180.5 25 24 4.82
2/12/52 | 7:30 | 288.3 | 0.347 | 383.5 | 0.394 | 100.2 | 0.663 193.1 25.5 245 533
2/12/52 | 7:35 296 | 043 | 3863 | 0478 | 1273 | 0.69 2284 26 25 5.72
2/12/52 | 7:40 | 294 | 0.485 | 387.4 | 0.549 | 1425 | 0.67 2472 26.5 26 5.92
2/12/52 | 7:45 | 296.8 | 0.541 | 388.7 | 0.61 | 160.7 | 0.678 265.5 27 26.5 6.22
2/12/52 | 7:50 | 298.6 | 0.593 | 389.5 | 0.669 | 177.1 | 0.68 283.7 27 27 6.41
2/12/52 | 7:55 | 300.7 | 0.646 | 391.1 | 0.722 | 194.1 | 0.687 290.5 28 28 6.86
2/12/52 | 8:00 | 304.7 | 0.702 | 392.3 | 0.774 | 213.8 | 0.704 319.6 27 27.5 6.87
2/12/52 | 8:05 | 300.8 | 0.693 | 392.1 | 0.777 | 208.5 | 0.685 306.5 27.5 27.5 6.99
2/12/52 | B8:10 | 304.9 | 0.812 | 394.4 | 0.907 | 247.5 | 0.692 351.0 27 2715 7.24
2/12/52 | 8:15 | 304.4 | 0.871 | 3949 | 0.977 | 265.3 | 0.688 364.1 27.5 28 7.48
2/12/52 | 8:20 | 3052 | 0.948 | 3953 | 1.059 | 2894 | 0.691 388.6 27 28 7.65
2/12/52 | 8:25 | 3064 | 1.023 | 395.2 | 1.144 | 3134 | 0.693 410.2 215 29 7.85
2/12/52 | 8:30 | 305.5 | 1.081 | 3944 | 1.206 | 330.1 | 0.694 422.8 27.5 30 8.02
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Date | Time | Vmax | Imax | Voc Isc | Pmax | FF | Irradiance | Templ | Tcell | Efficiency
2/12/52 | 8:35 | 3073 | 1.131 | 395 | 1.263 | 347.6 | 0.697 433.0 28 31 8.24
2/12/52 | 8:40 | 306.3 | 1.203 | 3953 | 1.354 | 368.5 | 0.688 457.0 28 31 8.28
2/12/52 | 8:45 | 3003 | 1.267 | 394.7 | 1.414 | 380.4 | 0.682 474.1 28 315 8.24
2/12/52 | 8:50 303 | 1.316 | 3945 | 1.482 | 398.8 | 0.682 494.0 28.5 325 8.29
2/12/52 | 8:55 | 3035 | 1.39 | 395.9 | 1.558 | 421.8 | 0.684 504.9 28.5 33 8.58
2/12/52 | 9:00 | 3023 | 1.455 | 395 1.64 | 440.0 | 0.679 527.7 28 33 8.57
2/12/52 | 9:05 | 3043 | 1.488 | 394.5 | 1.691 | 452.7 | 0.679 5413 29 34 8.59
2/12/52 | 9:10 | 3045 | 1.558 | 396.3 | 1.753 | 474.3 | 0.683 3579 29 35 8.73
2/12/52 | 9:15 | 3003 | 1.627 | 394.3 | 1.828 | 488.5 | 0.678 565.3 28.5 34 8.88
2/12/52 | 9:20 | 298.8 | 1.676 | 393 1.88 | 501.0 | 0.678 575.0 29.5 36 8.95
2/12/52 | 9:25 | 2982 | 1.72 | 3933 | 1.929 | 513.0 | 0.676 597.2 29 37 8.82
2/12/52 | 9:30 | 3002 | 1.773 | 395.3 | 1.991 | 5323 | 0.676 593.8 29.5 37.5 9.21
2/12/52 | 9:35 | 2983 | 1.832 | 393.9 | 2.056 | 546.4 | 0.675 630.8 29 36.5 8.9
2/12/52 | 9:40 | 2959 | 1.883 | 3922 | 2.116 | 557.3 | 0.672 631.4 30 38 9.07
2/12/52 | 9:45 | 2939 | 1.912 | 390.8 | 2.148 | 562.0 | 0.67 649.6 30 39 8.89
2/12/52 | 9:50 | 2954 | 1.98 | 3924 | 2.221 | 585.0 | 0.671 676.4 30.5 40 8.89
2/12/52 | 9:55 | 2953 | 2.003 | 393.3 | 2.253 | 591.3 | 0.667 673.6 30.5 39 9.02
2/12/52 | 10:00 | 2939 | 2.048 | 392.8 | 2.306 | 601.9 | 0.664 671.9 30 37.5 9.2
2/12/52 | 10:05 | 2929 | 2.114 | 3944 | 2.365 | 619.3 | 0.664 699.8 30 39 9.09
2/12/52 | 10:10 | 2934 | 2.144 | 394.5 | 2.405 | 629.1 | 0.663 708.9 30 38 9.12
2/12/52 | 10:15 | 293.1 | 2.195 | 3942 | 2.473 | 6434 | 0.66 721.5 30 385 9.16
2/12/52 | 10:20 | 2929 | 2.181 | 3925 | 2.48 | 638.9 | 0.656 7232 30.5 39 9.08
2/12/52 | 10:25 | 290.6 | 2.227 | 392 | 2.504 | 647.1 | 0.659 730.0 30.5 40.5 9.11
2/12/52 | 10:30 | 2889 | 2.296 | 3924 | 2.583 | 663.5 | 0.655 756.2 30.5 40.5 9.01
2/12/52 | 10:35 | 287.3 | 2.304 | 390.2 | 2.605 | 661.9 | 0.651 1317 31 40 9.29
2/12/52 | 10:40 | 282.8 | 2.338 | 388.1 | 2.64 | 660.9 | 0.645 T2 31.5 41.5 8.79
2/12/52 | 10:45 | 283.2 | 2389 | 389.2 | 2.7 | 676.5 | 0.644 7719 32 44 8.93
2/12/52 | 10:50 | 2824 | 2.426 | 388.9 | 2.739 | 685.1 | 0.643 785.9 325 43 8.96
2/12/52 | 10:55 | 283.7 | 2.416 | 389.9 | 2.75 | 685.2 | 0.639 796.7 32 425 8.84
2/12/52 | 11:00 | 2823 | 2.478 | 390.1 | 2.798 | 699.3 | 0.641 795.0 35 42 9.04
2/12/52 | 11:05 | 281.9 | 2.477 | 389.3 | 2.805 | 698.3 | 0.639 803.0 32 425 8.93
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Date | Time | Vmax | Imax | Voc Isc | Pmax | FF | Irradiance | Templ | Tcell | Efficiency
2/12/52 | 11:10 | 2813 | 2.506 | 389.6 | 2.839 | 704.8 | 0.637 821.8 32 43 8.81
2/12/52 | 11:15 | 281.8 | 2.534 | 3904 | 2.879 | 714.2 | 0.635 838.9 32 43 8.75
2/12/52 | 11:20 | 278.9 | 2.547 | 387.7 | 2.889 | 710.3 | 0.634 825.2 315 42.5 8.84
2/12/52 | 11:25 | 2794 | 2.565 | 388.7 | 2.918 | 716.6 | 0.632 844.0 325 45 8.72
2/12/52 | 11:30 | 275.8 | 2.571 | 3859 | 2.916 | 708.9 | 0.63 852.0 325 44.5 8.55
2/12/52 | 11:35 | 275.3 | 2.57 | 385.1 | 2.932 | 707.5 | 0.626 840.0 335 46.5 8.65
2/12/52 | 11:40 | 278.2 | 2.584 | 388.6 | 2.933 | 718.7 | 0.631 834.3 335 47 8.85
2/12/52 | 11:45 | 280.2 | 2.563 | 3903 | 2.899 | 718.0 | 0.635 835.4 325 43.5 8.83
2/12/52 | 11:50 | 276.7 | 2.579 | 386.4 | 2.933 | 713.4 | 0.629 834.9 325 425 8.78
2/12/52 | 11:55 | 274.9 | 2.563 | 384.9 | 2915 | 704.6 | 0.628 826.3 34 46 8.76
2/12/52 | 12:00 | 273.8 | 2.588 | 384.4 | 2.948 | 708.7 | 0.625 838.9 34 46.5 8.68
2/12/52 | 12:05 | 2743 | 2.57 | 383.6 | 2.938 | 704.8 | 0.625 829.7 34.5 47.5 8.73
2/12/52 | 12:10 | 2749 | 2.618 | 384.7 | 2.988 | 719.6 | 0.626 856.0 34 47 8.64
2/12/52 | 12:15 | 273.9 | 2.554 | 382.8 | 2.905 | 699.5 | 0.629 821.8 335 46.5 8.74
2/12/52 | 12:20 | 2723 | 2.569 | 381.7 | 2.924 | 6993 | 0.627 827.5 34 47 8.68
2/12/52 | 12:25 | 275.1 | 2.618 | 3852 | 2.987 | 720.3 | 0.626 854.3 34.5 48.5 8.66
2/12/52 | 12:30 | 2754 | 2.556 | 384.5 | 2.905 [ 704.1 | 0.63 834.9 34 46 8.66
2/12/52 | 12:35 | 276.2 | 2.598 | 386.3 | 2.954 | 717.4 | 0.629 828.0 34 46 8.9
2/12/52 | 12:40 | 277.3 | 2.591 | 387.1 | 2.934 | 7184 | 0.632 840.0 335 45 8.79
2/12/52 | 12:45 | 2783 | 2.525 | 387 | 2.854 | 702.9 | 0.636 812.1 335 44.5 8.89
2/12/52 | 12:50 | 278.8 | 2.535 | 388.2 | 2.869 | 706.9 | 0.635 824.6 345 44.5 8.81
2/12/52 | 12:55 | 274.8 | 2.533 | 383.8 | 2.875 | 696.2 | 0.631 8144 335 44 8.78
2/12/52 | 13:00 | 279 | 2.519 | 387.3 | 2.88 | 702.7 | 0.63 810.9 35:5 475 8.9
2/12/52 | 13:05 | 2759 | 2.54 | 385.5 | 2.898 | 700.8 | 0.627 826.3 34 44.5 8.71
2/12/52 | 13:10 | 279.4 | 2.487 | 387.7 | 2.803 | 695.0 | 0.639 806.4 34 45.5 8.85
2/12/52 | 13:15 | 278.8 | 239 | 385.8 | 2.684 | 6663 | 0.643 815.5 335 44 8.39
2/12/52 | 13:20 | 278.6 | 2.419 | 385.8 | 2.724 | 673.9 | 0.64] 7853 34 45 8.82
202052 | 13:25 279 2315 | 3845 | 2.597 | 6458 | 0.647 7539 345 45 8.8
2/12/52 | 13:30 | 280.8 | 2.252 | 384.8 | 2.529 | 6324 | 0.65 755:1 345 45.5 8.6
2/12/52 | 13:35 | 280.3 | 2.331 | 3859 | 2.616 | 6534 | 0.647 735.1 35 46 9.13
2/12/52 | 13:40 | 2813 | 223 | 385.1 | 2.501 | 627.2 | 0.65] 7374 34 45 8.74
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Date | Time | Vmax | Imax | Voc Isc | Pmax | FF | Irradiance | Templ | Tcell | Efficiency
2/12/52 | 13:45 | 2819 | 2.251 | 386 | 2.529 | 634.6 | 0.65 726.6 345 | 445 8.97
2/12/52 | 13:50 | 282.5 | 2.252 | 386.5 | 2.537 | 636.3 | 0.649 734.0 345 | 445 8.91
2/12/52 | 13:55 | 284.9 | 2.126 | 3859 | 2.409 | 605.7 | 0.652 709.5 345 | 435 8.77
2/12/52 | 14:00 | 286.6 | 2.138 | 388 | 2.401 | 612.8 | 0.658 698.7 35 44 9.01
2/12/52 | 14:05 | 286 | 2.114 | 387.1 | 2.371 | 604.6 | 0.659 7254 34 425 8.56
2/12/52 | 14:10 | 283.8 | 2.116 | 385.1 | 2.375 | 600.5 | 0.657 700.4 345 | 435 8.81
2/12/52 | 14:15 | 288.4 | 2.057 | 388 | 2.302 | 593.4 | 0.664 671.3 345 | 445 9.08
2/12/52 | 14:20 | 288.8 | 2.025 | 387.4 | 2.267 | 584.8 | 0.666 661.0 335 | 415 9.09
2/12/52 | 14:25 | 289.9 | 1.964 | 388.9 | 2.185 | 569.3 | 0.67 663.3 34 425 8.82
2/12/52 | 14:30 | 290.6 | 1.892 | 387.8 | 2.111 | 549.6 | 0.672 620.0 335 | 405 9.11
2/12/52 | 14:35 | 290.8 | 1.728 | 386.1 | 1.923 | 502.3 | 0.677 591.5 34.5 41 8.72
2/12/52 | 14:40 | 294 | 1.782 | 389.5 | 198 | 523.8 | 0.679 649.6 345 41 8.28
2/12/52 | 14:45 | 2939 | 1.787 | 389 [ 1.992 | 525.1 | 0.678 616.6 34 39.5 8.75
2/12/52 | 14:50 | 293.7 | 1.682 | 387.8 | 1.873 | 494.0 | 0.68 563.0 345 40 9.01
2/12/52 | 14:55 | 294.4 | 1.608 | 387.9 | 1.793 | 4733 | 0.68 564.7 34 40 8.61
2/12/52 | 15:00 | 2949 | 1.611 | 388.8 | 1.791 | 475.1 | 0.682 566.4 34 39.5 8.62
2/12/52 | 15:05 | 296.2 | 1.52 | 389.4 | 1.688 | 450.1 | 0.685 548.2 335 | 385 8.43
2/12/52 | 15:10 | 296 | 1.498 | 387.5 | 1.661 | 443.3 | 0.689 561.9 335 38 8.1
2/12/52 | 15:15 | 297 | 1.427 | 386.5 | 1.583 | 423.9 | 0.693 519.1 34 39 8.39
2/12/52 | 15:20 | 296.4 | 1.356 | 386.2 | 1.505 | 402.1 | 0.692 504.9 34 39 8.18
2/12/52 | 15:25 | 296.3 | 1.293 | 3854 | 1.427 | 383.1 | 0.696 486.6 385 39 8.09
2/12/52 | 15:30 | 2945 | 1.255 | 383.6 | 1.386 | 369.6 | 0.695 469.0 34 39 8.1
2/12/52 | 15:35 | 2953 | 1.194 | 383.6 | 1.316 | 352.5 | 0.698 454.1 345 40 7.97
2/12/52 | 15:40 | 296.8 | 1.13 [ 3853 [ 1.247 | 3353 | 0.698 438.2 34 39 7.86
2/12/52 | 15:45 | 2989 | 1.069 | 385.1 | 1.187 | 319.5 | 0.699 412.0 335 37 7.97
2/12/52 | 15:50 | 296.8 | 1.004 | 383.5 | 1.109 | 298.0 | 0.701 384.6 335 37 7.96
2/12/52 | 15:55 | 296.5 | 0.928 | 382.7 | 1.017 | 275.0 | 0.707 390.9 34 375 7.23
2/12/52 | 16:00 | 295.7 | 0.877 | 382.3 | 0.964 | 259.4 | 0.704 368.6 33.5 | 365 7.23
2/12/52 | 16:05 | 293.8 | 0.788 | 381.1 | 0.863 | 231.4 | 0.704 336.7 33.5 37 7.06
2/12/52 | 16:10 | 294.7 | 0.719 | 380.4 | 0.786 | 211.9 | 0.708 307.1 33.5 36 7.09
2/12/52 | 16:15 | 2934 | 0.669 | 379.4 | 0.733 | 196.2 | 0.706 2923 33.50 | 385 6.9
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Date | Time | Vmax | Imax | Voc Isc | Pmax | FF | Irradiance | Templ | Tecell | Efficiency
2/12/52 | 16:20 | 2902 | 0.554 | 377 | 0.609 | 160.9 | 0.701 270.0 335 35.5 6.12
2/12/52 | 16:25 | 288.5 | 0.486 | 375.5 | 0.529 | 140.1 | 0.705 238.1 33 345 6.04
2/12/52 | 16:30 | 284.7 | 0.453 | 375 | 0.495 | 1289 | 0.694 217.6 33 34 6.09
2/12/52 | 16:35 | 283.7 | 0.395 | 373.5 | 0.432 | 112.0 | 0.694 219.3 33 33.5 525
2/12/52 | 16:40 | 282.2 | 0.382 | 373.1 | 0.422 | 107.8 | 0.685 202.8 325 325 5.46
2/12/52 | 16:45 | 274.8 | 0339 | 371.5 | 0.373 | 93.1 | 0.673 197.6 325 325 4.84
2/12/52 | 16:50 | 219 | 0.264 | 3684 | 0301 | 57.8 | 0.522 165.2 3255 32 3.6
2/12/52 | 16:55 0 0 0 0 0 0 88.8 325 32 0
2/12/52 | 17:00 0 0 0 0 0 0 71.1 32 31 0
2/12/52 | 17:05 0 0 0 0 0 0 67.1 32 30.5 0
2/12/52 | 17:10 0 0 0 0 0 0 80.2 315 30 0
2/12/52 | 17:15 0 0 0 0 0 0 46.6 315 30 0
2/12/52 | 17:20 0 0 0 0 0 0 46.0 31 29.5 0
2/12/52 | 17:25 0 0 0 0 0 0 42.0 31 29.5 0
2/12/52 | 17:30 0 0 0 0 0 0 38.0 31 29 0
2/12/52 | 17:35 0 0 0 0 0 0 717.9 31 29 0
2/12/52 | 17:40 0 0 0 0 0 0 25.5 305 | 285 0
2/12/52 | 17:45 0 0 0 0 0 0 272 30.5 28.5 0
2/12/52 | 17:50 0 0 0 0 0 0 23.2 30.5 28.5 0
2/12/52 | 17:55 0 0 0 0 0 0 38 30.5 28 0




93

1' s Y1
5T IRQUA
Fo-LIMANa WWNTIY SUAAITH
ot - = a = d
oy e 20 iguioy 2516 T3aNE1IAYWIAINTAL NTUNWUNIUAT
nag 831 wouilszagie 20 ouu Uszangin

LU0 ARV NFANHUNIUAT 10310
JsgFamsdmen 2538 Inenansiudia swild@ndiszgnd

aomiuma Tu Tatwszveundudgunmismansziia
Uszaumsaimsiieam

o d o a s d a L4
we2s3s-dlagiu ewsddszhmadnidnd auzInomans

urnIneasma Iy latuviung



