LAPLACE INSTRUMENTS LTD

A series of training aids developed for the use of Laplace Instruments customers.

The package consists of:

· This explanative document.

· A description of the calibration procedure and results obtained from a LaplaCell300 (Cellnot4.doc)

· Excel file  (rfmeas.xls)

· Excel file  (room.xls)

· Excel file  (room2.xls)

· Powerpoint presentation (canada.ppt)

Notes:

1. These Excel software programs were developed for training purposes only. They are designed to show various characteristics related to emissions measurements. 

2. The programs give simplified and approximate indications ONLY. These are not intended for serious, professional use.

3. These programs are the intellectual property of Laplace Instruments Ltd and are distributed free of charge to selected individuals.

4. These programs may be copied to third parties only for educational purposes, provided that permission from Laplace Instruments has been granted in writing. Such permission will not be unreasonably withheld.

5. These programs may be displayed to any third parties for educational and training purposes.

Test Cell performance

File name cellnot4.doc

This document describes the technique for checking and calibrating the compact test cell. It then evaluates the performance of the cell in terms of a comparison with an OATS. 

Test site factors

File name  Canada.ppt

This Powerpoint presentation is a short overview of the effect of reflections on test sites. It will refer to the following Excel files.

Effect of ground plane

File name rfmeas.xls

To view the results, load the file into excel spreadsheet.

Page 1 is used for the calculations only.  The user entered variable is antenna-EUT distance and this can be entered on page 3. The default is 3m. Try a 10m distance and see the effect!

One other variable is the height of the product off the ground (normally 0.8m as specified by the standards). This can be changed on page 1.

The calculation assumes horizontal polarisation. (Vertical polarisation is different)

Do not change any other cells.

Page 2 is the 2D resultant plot.

Horizontal axis is antenna height, 1m to 4m.

Vertical axis is frequency, 50MHz - 1000MHz

The colours represent the difference in signal strength at the antenna from true free space conditions. The differences for the 3m test site vary from plus  3 to 6dB (white area) to minus 15dB. (Red area). The standards expect all measurements to be made in the white area using height scanning of the antenna to find the maximum signal. This occurs when the reflected and direct signals are in phase at the antenna. 

Page 3 is the same plot but shown in 3D.

The aim of this spreadsheet is to show how just one reflection, off the ground, can cause such large errors. It emphasises the importance of the test site when considering measurement uncertainty. Imagine what happens if testing is done indoors with metal objects in the vicinity (filing cabinets, machinery, building structure etc...) creating all manner of reflection patterns.

Given that realistically many occassional EMC testing users do not height scan the antenna, the best option is either (a) use an ERS (which quantifies all errors, including that due to lack of height scanning) or (b) use a site with no ground plane reflection and use a limit level some 5dB below the ‘official’ limit level.  Dry sandy soils are good at not reflecting!

THEORETICAL EVALUATION OF SCREENED ROOMS

Spacial variation around a room.

See Excel file ROOM.XLS

The main sheet is named 3D PLOT.

On this sheet the 3D view is generated and the main user interface is located.

The calculation is done for a room with the dimensions specified in the upper RH corner. 

The frequency field specifies the start frequency for the animation.

The animation is driven by a macro embedded in the spreadsheet.

This macro calculates the field at each point on the display with a frequency step of 1mhz. This will run without stopping once the Start Animation button is clicked.

When 545 steps have been completed, the animation will stop. Therefore, if the animation start frequency is 30MHz, the animation will stop at 575mhz.

The start frequency may be set to any sensible value.

The calculation matrix is 0.25 x 0.25m

The source is located at the centre of the room.

The following signal paths are included:

1. direct path

2. reflection off floor

3. reflection off ceiling

4. reflection off side wall

5. reflection off end wall

6. double reflection off corner

Factors which can be entered are shown in the fields with a border.  DO not enter any data in any other fields, they are not protected!

Adjustable factors:


room width and length

antenna height

ceiling height

In addition, the reflection coefficient of the walls and ceiling (NOT the floor) can be changed on sheet 1. The value should be in the range 0 to 1.

The displayed values are the increase/decrease in dBs referenced to free space emissions.

The main calculation page is sheet 1

The 3D view of results is chart 9.

A 2D view is shown on chart 8. This sheet has no controls, so setup and animation start must be done on 3D PLOT sheet before switching to the 2D view.

 Ignore the other pages.

Effect of screened room surrounding a 3 metre test setup.

See file room2.xls

This is a screened room with a source and antenna 3 metres apart equispaced about the centre.

Sheet 1 is calculations only, no editable fields.

Sheet 2 shows the results and the input fields.

Adjustable factors are shown in the boxed fields

Room dimensions can be changed, together with EUT height and antenna height.

The reflection coefficient of the walls and ceiling can be changed. This must be in the range 0 (no reflection) to 1, 100% rflection.

A value of 0 represents an OATS.

The plot shows feild strength vs frequency in dB referenced against free space level.

The calculated paths are:

1. direct

2. off side wall (x2)

3. off back wall

4. off front wall

5. off side/end corner (x4)

6. off floor

7. off ceiling

8. off ceiling/side corner (x2)

9. off floor/side corner (x2)

