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Introduction

HAPS was developed for the Office of Naval Research to perform harmonics analysis on industrial voltage networks with small distances between busses, for example a few 100 meters.  HAPS computes harmonic distortion levels, allows the user to simulate the effectiveness of filters, and performs IEEE 519 (harmonics standard) compliance checks for ships and other tightly connected three-phase power systems such as industrial facilities.

The fundamental assumptions in HAPS are that

1. Distances between loads and generators in the system are short (e.g., no more than a few hundred meters) so that one bus adequately represents the distribution system.
2. Harmonic loads are current injectors with known spectra.

3. The fundamental bus voltage magnitude is 1.0 per unit.
Zero-sequence harmonics (i.e., triplens) are excluded in this analysis since single-phase distorting loads are not usually major contributors to harmonic problems except in residential load areas or office buildings.
The Interface Screen
The interface screen is shown in Figure 1.  A brief description of the information shown in the figure follows, where the numbered items below are keyed to Figure 1.

1. System impedance, load, and capacitor data are entered via the slide bars.

2. Cases are saved and recalled.
3. Filters are added, and then listed along with their losses.

4. Impedance scans are given for system plus linear load, system plus linear load and capacitors, and system plus linear load, capacitors, and filters.

5. Capacitor voltage and current waveforms for the selected filter are shown.

6. Nonlinear loads are chosen from six typical types.  User spectra can also be entered (see Item 9 below and Figure 2).
7. Time-domain plots show a. net or individual nonlinear load current, b. total current produced by the source, c. bus voltage, and d. the spectrum magnitude plot for the selected time-domain plot.

8. IEEE 519 harmonics standard computations and possible violations are noted.

9. A pop-up menu (see Figure 2) allows the user to enter any load spectrum, and then save and recall it for future use.

The Example Case
HAPS, including the example case shown in Figure 1, can be run as follows:

1. Copy four zipped files in HAPS_Version1.zip into a directory on your hard drive.  The zipped files are HAPS.exe, A3_HAPS_USERMAN.pdf, demo.haps, and big_5th.spec
2. Click on HAPS.exe

3. In the lower-left portion of the interface screen, click on file name “demo.haps,” and then click “Recall.”
Once loaded, you can view the spectrum of the load current, source current, and voltage waveforms by clicking them.  Next, you can modify system parameters, add loads, and add filters and see the impact on waveforms and distortion immediately.

To see the user spectra feature, click on “User Spectra” in the nonlinear load section (top right).  When the pop-up screen appears, click on file “big_5th.spec,” and then click “Recall Spectrum.”
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Figure 1.  HAPS User Interface Screen


Figure 2.  Pop-Up Menu to Enter/Save/Recall User Spectra
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