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NaTKiT1 is a hardware and software package designed specifically for production testing audio transducers.

It can make sophisticated pass or fail decisions and report on production performance.
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WELCOME

NaTKiT1 is a hardware and software package designed specifically for production testing audio transducers.  It can make sophisticated pass or fail decisions and report on production performance.

Companies currently using NaTKiT1 include B&W Loudspeakers, Goodmans, Harman Pro, Hayes Loudspeakers (Australia), Martin Audio, Mission, Morel (Israel), Tannoy, Tectron (Spain), and Turbosound.

It is in use testing bass drivers, tweeters, crossovers; and systems from a single driver tv surround box to a £26,000 system.
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There are many production management facilities packed into NaTKiT besides its testing capability.  You can run the simulation version of NaTKiT, nk_sim.exe, on virtually any PC to find out what it can do.

THIS USER GUIDE

The next section of this user guide describes installing and configuring the hardware and software.  The following section, RUNNING NaTKiT1, describes running the example sequence Small System.  This section contains the important sub-section FREQUENCY RESPONSE TESTING that describes how NaTKiT1 evaluates a frequency response.

The section A TEST ENVIRONMENT FOR NaTKiT describes the considerations when installing the NaTKiT system into the production environment.  It covers matters like what type of mike to use and where to place it.

INSTALLING THE NaTKiT1
A QUICK START

Installing The Hardware

NaTKiT1 requires a 386 PC at least. (A 386DX gives significantly better performance than an SX.)  A colour monitor is almost, but not quite, essential.
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Remember to observe anti-static precautions when installing the NaTKiT board.  Leave the mains lead from the PC plugged in to the wall socket but turn the wall socket off.  If all is well then the case of the PC should be at main's earth and simply touching the case should discharge any static from you before you handle the NaTKiT board.


a) First, whip the cover off a friendly PC.


b) Check that both positions on the NaTKiT's two way DIL switch marked ADDRESS are ON.

c) Slide the board into a vacant expansion slot,


d) If the NaTKiT board doesn't sit down properly, remove it and loosen the M2.5 nuts and screws retaining the metal bracket.  The bracket can now be moved to get a better fit.  Don't forget to re-tighten the screws and nuts before re-fitting the board.


d) DON'T put the cover back on until you've tested the board is working as this ensures that the board will work.  To test the board you need to install the software.

Installing The Software
Install the NaTKiT1 software by running the file install.exe on the issue disc.  Typically, you would place the issue disc in your floppy drive A: and then type A:\install.  Install.exe allows you to specify the destination drive and directory, installs NaTKiT1 and then runs it.

The software may report it can't find the board.  This could be because the board is not seated correctly into its expansion socket.  Alternatively, there may be a memory conflict with another board.

Turn the PC off, remove and re-seat the NaTKiT board and try running the software again.  (Those expansion slot sockets can be fussy little blighters on occasion!).

If the software still can't find the board then you may have a memory conflict.  (NaTKiT1 does not run under interrupt control so there cannot be an interrupt conflict.)  Check whether the PC has any unneeded expansion boards fitted; eg IEEE interfaces, fax and modem cards, scanners, sound cards, teletext decoders, etc.  If the PC contains any such boards remove them, and try again.

If you still don't get anywhere try changing the NaTKiT board's base address.  The 2 way DIL switch you checked before fitting the NaTKiT sets the board's base address.  The switch coding is:


Switch 1
Switch 2

300 hex
ON
ON

308 hex
ON
OFF

310 hex
OFF
ON

318 hex
OFF
OFF

The board is supplied with both switches in the ON position.  This sets the board address to 300 hex.  NaTKiT1 has a system variable that defaults to 300 hex.  If you change the NaTKiT's base address then you have to change the system variable from the System Maintenance menu.  The System Maintenance menu has a useful TEST option that reports which address appears to have a NaTKiT1 present.

If the software still can't find the board then contact us.  We'll huff and puff a bit but we will get you sorted!

Auto-starting NaTKiT1

You will almost certainly want NaTKiT1 to start up when you switch the PC on and the installation programme offers to do this for you.  Alternatively, you could append something like the following to the file autoexec.bat you will find in the root directory.


REM  Set the Current Drive

  C:


REM  Set the Current Directory


  CD \NATKIT1


REM  Run NaTKiT1


  nk1
You can test your changes to the autoexec.bat file by pressing CONTROL (Ctrl), Alt and Delete together, ie re-booting the PC.

DO NOT run NaTKiT in a DOS window under Windows.  NaTKiT will run slower and errors may occur because it does not have guaranteed access to the PC’s resources.

Connecting And Calibrating The Power Amp

The phono socket on NaTKiT1 is the SIGNAL OUT and you connect it to the input of your power amplifier.

Set your amplifier volume control, if it has one, to maximum.  For some reason anything that can be twiddled, turned, flicked or clicked in a production environment mysteriously is, despite all the operators stating categorically that they never touched it.  If you set any volume control to any other position than flat out, ie 11 on a Spinal Tap Marshall, then you won't be able to find that position again when it mysteriously moves of its own accord.

NaTKiT needs to know the voltage gain of the power amplifier you are using with it.  NaTKiT provides a facility to measure the voltage gain.  You will need an ac voltmeter or suitable multimeter.  Start NaTKiT and then select Engineer, System maintenance, Amplifier Gain and (M)easure.  The programme asks you to connect the measuring instrument across the amplifier's output and enter the voltage measured.  NaTKiT will calculate the voltage gain and update the display.  An amplifier voltage gain change will force calibration for all the test sequences.

At this point, it is an excellent idea to enter something in the field Amplifier.  NaTKiT displays this identity at the screen top right and is most useful in preventing confusion; especially when someone changes the amplifier but does not re-calibrate the system.

The file nk_amp.dat stores the amplifier identity and signed voltage gain.  If it is likely that you will be continually swapping power amps at a test station, you may want to make a copy of this file under another name.  (If you keep blowing up power amps then a simpler fix might be to order an HH MX170 from NaTCH Engineering!)

Connecting The Microphone

The 3.5 mm jacket socket on the NaTKiT is the signal input.  You connect here the output from a microphone pre-amplifier, a high output microphone or a crossover test interface.  The 3.5 mm socket is mono but it will accept a stereo plug if connected as in the diagram.
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Setting the Microphone Pre-Amplifier Gain

The pre-amplifier's gain should be set low enough to prevent clipping of the NaTKiT's input stage but high enough to ensure that the NaTKiT's ADC is being fully exercised.  Mike position and the drive voltage to the test unit also affect what voltage is delivered to the NaTKiT.
After a calibration sweep, if the signal is too low, the warning Rng? appears.  The message warns that NaTKiT has opened its input to the maximum and consequently the input signal may not be fully exercising the ADC.  Increase the microphone pre-amplifier's gain until the Rng? warning disappears.  If Rng? is still there when the pre-amplifier is flat out try increasing the drive voltage to the test unit.  If increasing the drive level within acceptable limits still doesn't solve the problem, then move the mike closer to the test unit.
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If the signal coming from the mike pre-amp is too high then the NaTKiT's input stage will clip.  When the input is greatly over driven the resultant hard clipping can be easily seen.
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Soft clipping from slight over driving can be more difficult to detect.  A simple test is to calibrate and then either turn the amp down a little, or reduce the mike pre-amp's gain.  If no clipping is occurring then the test unit's response should be the same shape as the reference's, but lower down the graticule.  In the example above, you can see that the reference, the dotted trace, is clipping at the marked spots.

Connecting a Crossover Interface

If you are going to use the NaTKiT to test crossovers then you will need some form of interface.  The crossover's outputs have to be summed and the interface's inputs should be differential to detect open circuits in any common output of the crossover.
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The interface's gain has to be correctly set just like a microphone pre-amp's.  NaTCH Engineering manufactures the InTNaT v1.0 crossover interface and setting this up is described in its user guide.

OTHER STUFF

The Board's Calibration File

The NaTKiT should be returned to NaTCH Engineering once a year for re-calibration.

On the distribution disc there are two files nk_cal.dat and XXXX_cal.dat, where XXXX is the serial number of the board supplied.  To operate correctly NaTKiT needs to find the calibration file nk_cal.dat.  The calibration file should be the appropriate one for the card installed in the PC.  At run time, NaTKiT displays the serial number found in the calibration file nk_cal.dat at the top right of the screen.  (Next to the serial number is the board's calibration date.)  The displayed serial number should match the number stamped on the card's metal bracket.

If NaTKiT can't find the file nk_cal.dat it will report and the programme will end.

The file XXXX_cal.dat is the same as nk_cal.dat.  There are reasons for this!  Firstly, it clearly confirms for which board the disc is meant.

Secondly, when you have more than one NaTKiT you can keep more than one calibration file at a station.  Then, if for some reason, you swap a card you don't have to go searching for the issue disc.  For example if you replace card 0193 with card 0873 and both the files 0193_cal.dat and 0873_cal.dat are on the hard disc you just overwrite the existing nk_cal.dat with a copy of 0873_cal.dat.

Keeping multiple calibration files at a test station has disadvantages.  In many organisations, it is unlikely that ALL the calibration files for a board returned from re-calibration would be updated!

Setting The NaTKiT's Output

The NaTKiT's normal output is 0.9 volt.  In some circumstances, such as protection testing, this may not be enough.  At the top right on revision 2.0 and revision 2.1 boards, between C23 and C26, there is a two way DIL switch.  The NaTKiT is shipped with position 2 in the OFF or DOWN position.  To increase the NaTKiT's output move position 2 to the ON or UP position.  (Position 1 doesn't do anything and is only there to simplify stockholding for us.)

If you change the NaTKiT's output, you will have to re-calibrate the power amplifier.  There will be a problem if you try to run a test needing the NaTKiT's output set high when it is set low.  The software will report that it can't set the required output voltage and there will be no output.

You should NOT set the output high when testing active units.

There is a small disadvantage to setting the NaTKiT to its highest output.  There will be some loss of resolution when setting low levels.  As this position will only be set when high levels are wanted it is a small disadvantage.

A Possible Problem With SmartDrv And Dos v6.0

If you are running NaTKiT on a computer with Dos v6.0 there is a potential problem with SmartDrv.  If write caching is enabled SmartDrv can interrupt the system with a write operation whilst NaTKiT is in the middle of a hardware operation causing various glitches, blips, burps and other undesirables.  Configure SmartDrv as "read caching only".  Do it by modifying the line in your autoexec.bat file that loads SmartDrv.  Place the drive letter of your hard disc after SmartDrv.Exe, for example LH C:\DOS\SMARTDRV.EXE C.

This problem goes away with Dos v6.2 and later versions.  (In Dos v6.2 SmartDrv, when installed, defaults to write caching only.)

RUNNING NaTKiT1

When you start NaTKiT a screen will appear full of useful information.

THE START UP SCREEN

Top left of the screen is the NaTKiT version number.  This is important should you need to contact us for help.

Top right is a real time clock and calendar.  Below is the NaTKiT1 serial number from the calibration file nk_cal.dat.  If the number displayed does not agree with that stamped on the board's metal plate then something is wrong. Please review the preceding section "The Calibration File".  (When the board is installed its serial number is still visible from outside the PC.)

Next to the board's serial number is the board's calibration date.  If this is more than 12 months ago then you should return the board to NaTCH for re-calibration.

Below the board information is the name and voltage gain of the power amplifier being used.  Power amplifier gain is typically in the range 20 to 40, with older amplifiers tending to have the higher gain.  If the power amplifier information seems incorrect then review the section "Calibrating The Power Amplifier".

At the screen's bottom left will be summary of the testing for the day so far.  This will be of the form "Total   0 Fail  0% 00:00.0", meaning 0 units have been tested so 0% have failed and the average test time is 0 minutes and 0.0 seconds. 

Displayed in the screen's centre are the operator options.  The options are a list of test sequences plus the special cases Engineer, Supervisor, Report and Quit.

Engineer gives access to the sequence, test and system maintenance menus.

Supervisor gives access to maintenance of the operator name list.

Report displays a detailed analysis of the production performance for the day.

Quit will exit NaTKiT.  The engineer can remove this option.

First name in the sequence list is the example Small System.

RUNNING THE Small System SEQUENCE
The following description assumes you are running "Small System" for the first time.  Select "Small System" by pointing at it with the mouse and clicking the left button or using the keyboard cursor control keys and then RETURN or ENTER.

NaTKiT asks for confirmation that you did indeed intend to select "Small System".  Reply (Y)es by pressing "Y" on the keyboard or clicking the mouse's left button.  "Small System" appears on the screen in cyan near the top left.

You are asked to log on from a list of names.  (I tend to choose Joe Meek because he may be dead but what a one off!  I suppose the name list should have Richard Small because he's a one off and alive, but then he didn't produce "Just Like Eddie".)  You will notice the name you select displayed on the screen at the top left.

Text appears on the screen through which you can scroll through using the mouse or keyboard.  Normally the text would document the test procedure but in this case it describes the tests.  To end viewing the text press the RETURN key or the mouse's left button.

The screen clears and the production summary at the screen bottom left changes.  The cyan summary for all models remains but the total tested and failure percentage for the current model, Small System, appear in white.
The prompt "!! Calibration Due - Please (C)alibrate !!" appears.  This is because there is no valid stored reference response for the sequence Small System.

The operator menu "(T)est, (C)ali, (F)ault, (P)rint, (R)eport, (S)how, (Q)uit" appears.  Select "(C)ali" and reply "Y" to the "Continue with calibration (Y/N)?" prompt.  You are asked to confirm that you have connected the appropriate standard.  Respond to the "any key" prompt  with any key or mouse button.  The test Small Sys Sweep is executed and the response appears on the screen.  You receive a "OK (Y/N)" prompt.  Reply "Y" unless you can see something obviously wrong with the response.  Like no HF because the tweeter has died, no response because the amp has died or a whopping great spike where someone drove the fork lift in to the cabin.  (If you reply "N" then the sweep will run again on the assumption that you have fixed whatever the problem was.)  NaTKiT stores the standard response and displays at the screen top right, above the real time clock, when calibration will next be due.

You can now test by selecting "(T)est".  (If you had selected "(T)est" before you would have got the "!! Calibration Due - Please (C)alibrate !!" prompt and not allowed to proceed.)

Testing Small System

NaTKiT assumes that you will have the test unit plugged up before you initiate a test.  Select (T)est and the three tests Small Sys Rattle, Woofer Polarity and Small Sys Sweep are executed in that order.  The test in progress has its name displayed in green beneath the sequence near the screen top left. 

Small Sys Rattle

Small Sys Rattle sweeps a sine wave from 160 Hz to 20 Hz in 4.5s.  On reaching 20 Hz NaTKiT continues to apply the 20 Hz to the test unit and the prompt "Are there any rattles, buzzes, or leaks (Y/N)" appears.  The idea is that the operator should apply their magic ear to the test unit and then inform NaTKiT whether the unit passed or failed.  Responding "Y" will fail the test and Small Sys Rattle will appear in red on the screen's lower right at the sequence end.  Responding "N" will pass the unit.  In either case, the test sequence continues immediately the operator makes a valid response.  Consequently the operator should place the test unit on any benchmark before responding.

Woofer Polarity
Once the operator makes a valid response NaTKiT runs the test Woofer Polarity to determine the phase or polarity of the test system's bass driver.  Woofer Polarity appears in green below Small System at the screen's top left.  Three black horizontal dotted lines appear below Woofer Polarity.  NaTKiT applies a pulse to the loudspeaker and the test unit's time response is displayed in white over the black dotted graticule.  The first part of the time response to cross the upper or lower dotted line determines the unit's polarity and is marked with a short vertical solid black line.  If NaTKiT judges the unit to have failed then Woofer Polarity will appear in red to the screen's lower right at the sequence end.

Small Sys Sweep
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NaTKiT now runs the final test Small Sys Sweep to evaluate the test unit's frequency response.  A frequency response graticule appears on the screen right with the reference unit's response shown in cyan.  As NaTKiT sweeps from 36 Hz to 19000 Hz, it displays the test unit's response in white.  NaTKiT uses very sophisticated processing to decide if the test unit's frequency response is acceptable and this is described in the following section.

If the unit fails then two "windows" appear on the response graticule showing the region that failed and the check range.  The failure region is annotated f.f/l.ldB Lyr x where f.f is the averaged difference in dB for the failure region, l.l is the limit for layer that has failed the unit, and x is failure layer.

If NaTKiT judges the unit to have failed then Small Sys Sweep will appear in red to the screen's lower right at the sequence end.

Failure

If a unit fails any test then normally at the sequence end FAIL will appear in a large red block.  To the right of FAIL is a list in red of the test or tests that the unit has failed.  The operator is given the prompt "Retest this unit (Y/N)?".  The idea is that the failure may be invalid because of external conditions NaTKiT cannot detect.  For example, the lead could have fallen out of the test unit during testing or some thoughtful person SLAMMED the door to the test cabin.  In these circumstances the operator would know the reason for this failure and would want to test the unit again - hence the "Retest ... " prompt.
In some circumstances, there may not be the time for this operation and the Engineer can globally disable it in the System Maintenance menu under "Operator Fail Check".

The Operator Menu

The operator menu consists of the prompt:

(T)est, (C)ali, (F)ault, (P)rint, (R)eport, (S)how, (Q)uit
(T)est and (C)ali have been previously described.
(F)ault toggles between the current operator name at the screen's top left and "Fault Finding" which is shown in red.  With "Fault Finding" active the selection and reference search, and the production reporting are disabled.  This is useful should an engineer, or somebody else, ask to see previous failures measured again.  By toggling to "Fault Finding" extra, and erroneous, failures are not logged; time used by the engineer is not logged to the operator, and the selection and reference search processes are not invoked or corrupted.

(P)rint dumps the screen to a printer.  Most useful if you need to fax a response or if it is easier to take a print out to the engineer than to get him to the test station.  (Please remember that the system variable "System Printer" needs to correctly set by the engineer.)

(R)eport gives a production report for the day so far.  Information can be displayed for all models or for a selected operator, and can be printed out.

(S)how displays the sequence parameters for the current model.  Selecting a test name in the sequence display will then show the parameters for that test.  Either screen can be left by selecting Quit.
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The option (W)orst will only appear under certain circumstances.  If a unit has failed its response test then the region NaTKiT judged to be the "worst" would be shown in red, along with the check range.  When a unit passes nothing is shown.  It can be useful to know which area NaTKiT decided was worst even though it passed the unit.  This way you can see whether a unit passed easily or only just.  Consequently, (W)orst appears if a unit has passed its response test.  Selecting (W)orst will display the worst area in yellow.

FREQUENCY RESPONSE TESTING

A speaker's response can alter significantly with environmental changes.  To accommodate this NaTKiT requires the user to supply a physical reference to calibrate the system and then judges test units by their deviation from this reference.  This has the advantage that the system can be periodically re-calibrated by re-measuring the reference accommodating any change in the environment.  (As a physical reference is so important to NaTKiT it can identify production units that closely resemble the reference making it easier to generate backup and duplicate references.)

The next trick is to analyse the deviation in some way to get a meaningful pass or fail decision.
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BLOCKS AND LAYERS

Your nearly perfect speaker has an unfortunate but acceptable 2 dB mid-range blip.
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In production this blip has move slightly.  You decide this is not important as it's only a slightly shifted resonance - but note that at the marked point the difference between reference and the test is almost the height of the blip.
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To ensure the production unit passes you could apply a simple SYMBOL 177 \f "Symbol"2 dB limit.
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Unfortunately, a simple SYMBOL 177 \f "Symbol"2 dB limit will also pass this unit.  The hatched area shows there is major sensitivity difference between this unit and the reference, and you would not want to pass it.
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You could try customising the limits to deal with this particular problem.
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Limits customised to deal with a particular production characteristic have the problem that they may not deal reasonably with new variations.  You could modify the above limit (or mask) to accommodate the new variations but you are setting up a system where you will be continually chasing production variations.  It is also sometimes difficult to envisage the consequences of change.  For example with this mask you could have this unit pass!
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To solve this dilemma NaTKiT employs averaging.  The response is divided into regions containing an equal number of points.


[image: image18.wmf] 0dB

+2dB

1dB


The points in each region are averaged giving a plot like this.  It looks like a third octave response accept that the width of each region is not limited to an octave or a third octave.  The worst case difference between averages is 1 dB as shown.
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If you now apply the same process to the second test unit you get a completely different result and a way of differentiating between the two units. A pass or failure limit of 1.5 dB would pass the first unit and fail the second.  (NaTKiT doesn't quite do this.  NaTKiT averages a rolling window.  For example if we were averaging regions of 8 points NaTKiT would first average points 1 to 8 inclusive, then 2 to 9 inclusive and so on.  A rolling window is difficult to visualise - we would need a three dimensional display - and as it works the same way as our examples we'll stick to the way we've done it so far!)
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If the number of points averaged is increased, the differentiation between the units can be increased even further.  In this example they are doubled.  

By averaging you not only determine the magnitude of a deviation from standard but its "width" as well.  The engineer is given a second parameter to help differentiate between bad and good units.  In addition to a dB limit the engineer has the "Block Point" ie the number of points averaged.

Engineers in fact have a third tool.  They can choose over what part of a response to apply the test, ie they define a "check range".
To further increase flexibility NaTKiT allows up to six sets of fail criteria, ie LAYERS.  For each layer, the engineer can set the averaging number, ie the "Block Point", a check range and a failure threshold in dB.

THE Small Sys EXAMPLE

The response test Small Sys Sweep used by the sequence Small System has four layers.

Layer
Limit
Block
Check Range (Hz)


(dB)
Point No 


1
3.0  
7
52
-
99

8887 
-
19000

2
2.3  
8


99
-
10087



3
1.6 
15
113
-
453  

969 
-
8342

4
1.8 
7


375
-
1032



Layer 1 tests the response's two extremes but not as rigorously as the body of the response.  Layers 2 and 3 check the main part of the response.

Layer 2 has a greater limit (2.3 dB) than Layer 3 (1.6 dB) but, as shown by the block point numbers (8 and 15), it is only allows a narrower deviation from the reference.  The intention is that an area can deviate from the reference by up to 2.3 dB but, with Layer 3, not over a wide region.  (Setting a 2.3 dB limit means that NaTKiT will fail a unit with a deviation greater than 2.34999999 dB.  This prevents the apparent contradiction that would occur if a unit had a deviation of 2.31 dB.  Because of display rounding the deviation would be shown as 2.3 dB, ie EQUAL to the limit.)

Layer 3 has a "hole" (453-969 Hz) where it does not test the unit.  This is to accommodate a problem specific to the unit.

Layer 4 overlays the "hole" to test it but with a relaxed limit.

CREATING A SEQUENCE
A sequence is a set of parameters that include a list of tests to run.  NaTKiT executes the tests in the order they appear in the list.  Perhaps the easiest way to create your own test sequence is to copy and then edit one of the examples supplied with NaTKiT.  You can access sequence, test and system maintenance menus by selecting Engineer.  (Access to the Engineer menus can be password protected in the system maintenance menu.)

Add Test allows a new test to be added to the test list.  A test added to the list will appear at the test list end at the top left of the screen on a black background.  Sine and Rattle tests are shown green.  Polarity tests are shown in cyan.  A Sweep or Response test that is calibrated, ie the response is measured by NaTKiT, is shown in yellow.  Unmeasured Sweep and Response tests are shown in white.

Selecting a test already in the list displays the test's parameters and the options PRINT, MOVE and DELETE.  The screen is virtually the same as the test edit screen and indeed most of the parameters can be edited in this screen.  The option PRINT prints out the test parameters.  The option MOVE allows the test's position in the sequence test list to be changed.  The option DELETE deletes the test from the sequence test list.

If the test list does not contain a response test then the only sequence parameters available are Serial Number on, Prompt file and Script file.
Serial Number on can be set to Pass, Fail, Both, or None.  If set to Pass then when a unit passes the test sequence the operator is asked to enter the unit's serial number.  When set to Fail then the operator is only asked for the serial number if the unit has failed.  The function of Both and None is self-explanatory.

NaTKiT keeps track of the last serial number entered and increments it before presenting it to the operator.  The operator can then accept it with OK, nudge it up or down with "+" and "-", or enter a completely new serial number.  Setting Serial Number on to Pass can be useful even when units aren't serialised.  By marking them with the serial number presented by NaTKiT units can be identified when using NK1 Xtra to pair match or identify a typical.  Setting Serial Number on to Fail can be useful when keeping track of failures for review.

Disc Log on will store the response test's curve on disc.  Disc Log on can be Pass or None.  The data is in dBase format in the file nk1_crv.dbf.  Appendix C contains the format specification.  The data is accessible by your own software or the NK1 Xtra software.

If a sequence's test list contains a computer decision response test then NaTKiT periodically forces system re-calibration.  Cali Time sets this period.  The re-calibration time defaults to 99 days but can be changed with the Cali Time option.  The range is 0 to 99 days 23 hours 59 minutes.  If set to zero there will still have to be an initial calibration but then re-calibration will not be forced by elapsed time.  Calibration could still be forced though by a relevant response test or sequence parameter change or re-calibration of the power amp.

NaTKiT for Windows will be able to force calibration by temperature shift.  When NaTKiT for Windows is available Cali Temp will set the temperature shift.

Reference Search (dB) finds the best match it can to the physical standard in use.  A spare standard is a very useful thing.  As you know standards are continually getting damaged or disappearing - particularly the latter if production are short one unit to complete a shipment.  A spare standard is also extremely valuable if the validity of the current standard is under question.  The spare standard can be compared with the active standard to see if there is any significant difference.

To start the Reference Search (dB) the engineer sets the value to a non-zero value in the SEQUENCE MAINTENANCE menu.  Normally the value would be 9 dB but if you know the product you may get there a little quicker with a smaller limit.  Now, when a unit passes the computer evaluated response test, it is further evaluated.  The difference between the test unit and the standard is calculated for every point in the response and then averaged.  This figure is then tested to see if it is less than the limit set for Reference Search.  If it is less then the unit is considered a possible duplicate standard, but first the operator is asked to confirm that they haven't just test the active standard.  (An engineer might measure the standard against itself to see if anything has changed.  If they do, they should first set Fault Finding.  This, amongst other things, disables the Reference Search.  But then engineers don't always do what they should.)
If the operator confirms that the current test unit is not the standard then they are prompted that the unit is a possible duplicate standard and that they should mark it up and put it aside.  Now here's the good bit: the Reference Search limit is updated to the average difference of the current unit.  Testing continues and in time a test unit will appear with an average difference less than the updated limit.  If the operator confirms that the unit is not the current standard then they are prompted that this is a possible duplicate standard and they should put it aside and return the previous possible standard to production.  The Reference Search limit is again updated.

You can see that as testing continues each successive unit identified as a possible standard is a better match than its predecessor is.  Typically, in our experience, no further units are identified after the process has been running for some three working days, ie twenty four hours non-stop.

If Selection is a non-zero value then any passed unit, that is not identified as a possible standard, is further evaluated.  The unit's averaged difference from the standard is tested to see if it is less or equal to the Selection limit.  If it is, then the operator is prompted to mark the unit as Selected.  The idea is to identify the units that are better than average.  As a by product the selected units will be better pair matched than their brethren will.

The Prompt file option is the file specification of a text file created by the engineer.  The file would normally contain process information that NaTKiT shows to the operator before testing.

The Script file option is the file specification of a text file created by the engineer.  It contains instructions that tell NaTKiT what to do when completing a test sequence for a particular model.  Information can be sent to a printer port and in NaTKiT for Windows the script language will be extended so data can be sent to a serial port.  This facility could be used to print calibration certificates, bar code labels, packing labels, failure reports, etc.  The script language syntax is described in the section SCRIPT FILES.

The Compensation file option is the file specification of a text data file created by the engineer.  The engineer can specify a compensation curve for any response tests.  This does not affect the pass fail decision as the DIFFERENCE between the reference and test unit determines this, but it does affect the shape of the curve displayed.

A file in the following format is needed to apply compensation.


Each line contains a point defined by a frequency and y axis value separated by a comma.  If there is no y axis value it defaults to zero.


The frequencies must increment and be in ascending order.


There must be at least two points in the file and no more than a hundred.


Any line with "." in the first column is interpreted as a remark.  (This means that ".56" would be interpreted as a remark and should be entered as "0.56".)
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The data should be the RESPONSE you would like to see and NOT the compensation you think NaTKiT should apply.  (Really it should be called a target curve but we seemed to have drifted into calling it a compensation curve.)  NaTKiT will shift the target so that the centre of the frequency sweep is at 0 dB.

Changing the sweep start or end frequency changes the centre frequency and, as in the example, changes the vertical position.

If a sequence has a valid compensation file NaTKiT applies compensation to all the response tests in the sequence.

The example data file COMPNSTN\sys_comp.dat makes a starting point for experiment.

The option PRINT prints out the sequence parameters.

The option COPY copies the current sequence parameters under a new name.  If no name is given the operation is abandoned.

The option DELETE, after confirmation, removes the current sequence from the sequence list.

On first entry to the create or edit sequence screen the final option will be QUIT.  (It is quickly selected by pressing the right mouse button.)  If QUIT is selected then changes to the sequence will not be saved.

If the sequence test list contains a computer decision response test, and the NaTKiT support programme NK1 Xtra is present, then, on first entry to the edit screen, the option Make Typical will be available.  Please see the section NK1 XTRA for more information.

If any changes are made to the sequence then the option Make Typical, if present, will disappear and the option SAVE+QUIT will appear.  SAVE+QUIT will save any sequence parameter changes when you leave the edit screen.
CREATING TESTS

There are three NaTKiT1 test types - Sweep, Polarity and Sine.  Sweep tests apply a swept sine wave and display the unit's response along with that of the reference.  Pass or fail can be decided by NaTKiT or the operator.  They are intended to evaluate a unit's frequency response or sometimes the operation of a test unit's equalisation. Sweep tests are white in the test maintenance list.

Polarity tests apply a step type signal to the unit and NaTKiT determines the polarity of the unit.  Polarity tests are shown in cyan in the test maintenance list.

A Sine test applies either a single frequency or an engineer defined sweep.  Pass or failure can be determined either by the operator or, if a single frequency only, the NaTKiT.  An operator decision sine test is used to evaluate a unit's distortion.  A NaTKiT decision test measures the output level of the unit and then applies it to engineer defined upper and lower limits.  It is used to test protection operation on those speakers that have it.  Sine tests are shown in green in the test maintenance list.

An existing test can be edited by simply selecting it.  How the edit screen will look will depend upon what type the test is but the test name will be shown top left of the edit screen in green.

New tests can be made by selecting Create Test.  You will then be asked S(W)eep, (P)olarity, or (S)ine? to specify what test type you want.  On entering the edit screen there will be no test name top left of the edit screen and a test can be abandoned by not entering a test name when quitting.

A particular test doesn't have to be specific to a sequence.  Indeed Sine and Polarity tests can often be general to a test station or a group of products but it would be unwise to have a Sweep test that is used by more than one sequence.  Sweep tests are always customised to suit the unit's response and if the test is shared you will not be able envisage the effects in other sequences using the test.  GIVE EACH SEQUENCE ITS OWN SWEEP TEST.

GENERAL PARAMETERS

Some test parameters are general to all three test types.

Unit Type can be set to Passive or Active to match the model you are testing.  When set to Passive then Drive (V) sets the voltage at the associated power amplifier's output.  When set to Active then Drive (V) sets the voltage at the NaTKiT's output.

If Fail Exit is set to Yes then if a test is failed the sequence will end there.  Time is saved because testing ends as soon as a test is failed.  It should be remembered though that the additional tests could aid fault diagnosis.

Drive (V) sets the drive voltage to the test unit and the range will depend on how Unit Type has been set.  The voltage is chosen from a list.

PRINT prints out the test parameters.

COPY copies the test parameters under a new name.  If no name is given, the operation is abandoned.

DELETE, after confirmation, removes the test from the test list as long as it isn't in any sequence.  If the test is in use the relevant sequences are listed and the operation abandoned.

QUIT abandons the edit without saving any changes.  If you are creating a new test you will be asked to name the new test.  The edit will then be abandoned if you don't enter a name.

QUIT+SAVE ends the edit saving any changes.

S(W)EEP TEST
The sweep test checks a unit's frequency response.  The engineer cannot set sweep duration directly.  It depends upon the sweep point number and the range swept.

LAYER X informs that the information immediately below is for the layer X.  (X will be in the range 1 to the current maximum layer number.)  The colour of LAYER X and the associated data will match the relevant mask in the graticule.  Selecting LAYER X will give you the sub-menu Layer (1) (2) ..(X) (N)ew or (D)elete? - where X is the current maximum layer number.  Selecting a layer number will display the parameters for that layer and allow the engineer to change the parameters.  (N)ew adds a new layer.  (D)elete deletes the currently displayed layer.

Start (Hz) sets the lowest frequency that the layer will check.  It cannot be set lower than the start frequency of the sweep, ie Low (Hz).  It cannot be set higher than the frequency equivalent to the number of Block points below End (Hz), or HoleL (Hz) if it is non-zero.  If you want to move Start (Hz) higher than NaTKiT will allow then you must first either reduce the Block point number or move End (Hz), or HoleL (Hz) if it is non-zero, higher.

HoleL (Hz), if set to a non-zero value, defines the lower frequency of a "hole" in the check range where NaTKiT does not evaluate the response.  It cannot be set lower than the frequency equivalent to the number of Block points above Start (Hz).  It cannot be set higher than the frequency equivalent to one point below HoleH (Hz).  If you want to move HoleL (Hz) lower than NaTKiT will allow then you must first either move Start (Hz) lower or reduce the Block point number.  If you want to move HoleL (Hz) higher than NaTKiT will allow then you must first move HoleH (Hz) higher.

If you set HoleL (Hz) to zero then HoleH (Hz) will also be set to zero and the hole will be removed.  If there is no hole, you can create one by setting either HoleL (Hz) or HoleH (Hz) to a non-zero value.

HoleH (Hz), if set to a non-zero value, defines the higher frequency of a "hole" in the check range where NaTKiT does not evaluate the response.  It cannot be set lower than the frequency equivalent to one point above HoleL (Hz).  It cannot be set higher than the frequency equivalent to the number of Block points below End (Hz).  If you want to move HoleH (Hz) lower than NaTKiT will allow you have to move HoleL (Hz) lower in frequency.  If you want to move HoleH (Hz) higher than NaTKiT will allow then you must first either move End (Hz) higher or reduce the Block point number.

If you set HoleH (Hz) to zero then HoleL (Hz) will also be set to zero and the hole will be removed.

As you can see all these parameters interact and to change one parameter sometimes you have to change another first.
The Delay (ms) parameter sets the delay between applying the first frequency and making the first measurement.  The delay allows a system to start moving and stabilise before NaTKiT makes a measurement.  The delay can be set in the range 0-999 milli seconds.

Point sets the number points in the sweep and can be set in the range 20-100.  The more points there are the slower the sweep will run.  For a system 40-60 points is suitable, 20-30 for a crossover, 30-40 for a tweeter, and 30-50 for bass driver.

Low (Hz) sets the sweep start frequency.  It can be set to a minimum of 20 Hz and a maximum of half the value set for High (Hz).  The lower Low (Hz) is set the slower the sweep will run.  The effect will be especially noticeable below 60 Hz.

High (Hz) sets the sweep end frequency.  It can be set to a maximum of 20 kHz and a minimum of twice the value set for Low (Hz).

If Decision is set to Operator then the operator decides whether a switch response test has passed or failed.  This facility provides a quick and dirty way to test the operation of equalisation or switches.  As a switch test's parameters may be different from a computer decision response test in the same sequence the switch test requires calibration.  This is done automatically after the computer decision response test.  If Decision is set to PC pass or fail is determined by the PC and only one such test is permitted in a sequence.  Whichever way Decision is set will determine what other parameters are available to the engineer.

RE-RUN clears the screen and runs a sweep.  Scaling will occur if necessary.

RUN does not clear the screen and scaling may occur only if it is the first time it has been invoked since entering the test edit screen.  It will run a sweep and plot it on the screen.  As it does not clear the screen before a sweep, it allows the Engineer to see the effect of parameter changes on the response.  If the screen becomes too cluttered then use RE-RUN to start again.
(P)OLARITY TEST
NaTKiT determines a test unit's polarity by applying a step and examining the resulting damped oscillation.  When creating a polarity test an engineer can display a test unit's response by selecting RUN.  Three black dotted horizontal lines indicate the upper limit, nought volts and the lower limit.  The programme determines pass or failure from the first excursion, negative or positive, to cross a limit.  NaTKiT identifies the point by a short black vertical solid line.

The Delay (ms) parameter sets the delay between applying the step and making the measurement.  The delay can be set in the range 0-999 milli seconds.

If the mike is some distance from the test unit and the PC is a speedy one then it is just possible that NaTKiT will have stopped looking before the response arrives at the mike.  To correct this set a delay so NaTKiT waits before looking.  Naturally, it is possible to over correct and to set too long a delay so the response is long gone by the time the NaTKiT starts looking!

What is more likely on a system or dual driver is that the response's front edge is complex (despite setting Test Unit to LF) and it is difficult to get a stable result.  A solution is to a make the pass or fail decision on the bass driver's second excursion.  By setting a delay you force NaTKiT to look at the later part of a unit's time response.

Drive (V) sets the drive voltage to the test unit and the range will depend on how Unit Type has been set.  The voltage is chosen from a list.  The test unit has to be driven hard enough to cross a limit or it will be judged a failure.

Test Unit toggles between HF and LF.  It set the signal type applied to the test unit and the x axis values used for the display.  If set to HF then a simple step is applied and the x axis displayed represents a time period one fifth of that for a LF setting.  If Test Unit is set to LF then a low pass filtered step is applied and the time displayed is five times greater than for a HF setting.  The low pass filtering reduces the energy getting to the tweeter in a system that could confuse the measurement.

Pass on can be set to Positive or Negative.  You may want to select Negative because your unit does indeed have negative polarity!  Alternatively with a close mike and a slow PC, it is just possible for NaTKiT to miss the start of a response and the first excursion to cross a limit may then be negative.  In this case select Pass on which will toggle to Negative and pass the unit.

You should get the global polarity right BEFORE you start using Pass On to fix things.

Just to recap about polarity - positive polarity is when the cone moves forward when a positive voltage is applied to the positive terminal of the test unit.  The NaTKiT generates a negative step so if the speaker is positive polarity the cone moves backwards - assuming the rest of the measurement chain is non-inverting.  (The NaTKiT generates a negative step to simplify the electronics and so make them more reliable.)  As the test unit will show a negative response you could have the NaTKiT Pass on Negative but this could be disconcerting - apparently passing a negative polarity unit.  We strongly recommend that you globally invert the system by making the amplifier voltage gain negative in the System Maintenance menu.  The NaTKiT software will then invert the measurement before displaying and deciding pass or fail.  This will make your unit appear positive polarity; as indeed it is.

A Convention

When testing a system it is a useful convention to execute the polarity test on the bass driver.  There will be three possible polarity faults with a two way system: bass driver polarity reversed, tweeter polarity reversed, and, both drivers polarity reversed.
If the bass driver is reversed then the test unit will fail the polarity test and because there is phase reversal between the bass driver and tweeter the frequency response will usually have a suck out in the crossover region.  It should be possible to set up the frequency response test so that the suck out causes a response failure.

If the tweeter is reversed then the test unit will not fail the polarity test but because there is phase reversal between the tweeter and bass driver, it will fail the frequency response test.

If both drivers are reversed then the test unit will fail the polarity test but because there is no phase reversal between the drivers, it will pass the frequency response test.

With this knowledge, a test operator can diagnose which driver or drivers are at fault.  Alternatively, if the test sequence is set up with two polarity tests, one for the bass driver and one for the tweeter, then even this simple analysis is not needed.  The operator will know from the test failure summary which unit or units are reversed.  The time penalty for an additional test is minimal but it may well need some time from the engineer to fine tune the test parameters so that they are independent of each other.

(S)INE TEST
Sine tests apply either a single frequency or a sweep so the operator can evaluate the unit's distortion, or a single frequency so the NaTKiT can test the unit's output level.  When creating a new Sine test the default is a single frequency, operator decision test.

The text specified in Prompt is presented to the operator at the test end in the form Prompt (Y/N)?.  The test is passed if the operator replies N, so prompts should be of the form "Did (or Is ) the unit buzzing".  (We found operators are less intimidated if asked to confirm that a unit isn't a bad one rather than the more affirmative action confirming a unit is a good one.)  There is a special case.  If the Sine test drive level is 0 volt then the test is passed if the operator replies Y.  A zero drive test is used to instruct the user to do something like adjust a switch position before NaTKiT runs a test under the new conditions.  It is considerably less confusing for the operator to confirm they done what the prompt asked.
Whilst waiting for the operator's response NaTKiT will continue to apply whatever is the last tone of the test.

If no prompt is defined then NaTKiT applies a sine wave for the length of the delay and the test then ends as a pass.  This allows the engineer to set up a series of sine tests and the operator only receives a prompt at the series end.  Alternatively, the engineer could use a no prompt sine test to introduce a delay in a sequence - to warm a voice coil up for example.

Prompt is only available if the operator, and not NaTKiT, is to decide pass or fail for the test.

Delay (s) can be set in the range 0-9.9 seconds.  If the test is a single frequency then Delay (s) defines the period between the signal being applied and the operator being presented with the prompt or the test terminating if there is no prompt.  If the test is a sweep then Delay (s) defines a period between the start frequency being applied and the sweep starting.

Low (Hz) sets the frequency of a single tone test or the low frequency of a sweep test.  It can be set in the range 20-20000 Hz for a single frequency test and 20‑High (Hz)/2 for a sweep test.

High (Hz) sets the high frequency for a sweep test.  It can be set in the range 2 x Low (Hz) - 20000 Hz.  If High (Hz) is set to 0 then the test is a single frequency set by Low (Hz).  High (Hz) is only available if the test is set as operator decision.

Type specifies how the transition from Low (Hz) to High (Hz) occurs, or vice versa. The sweep types are:

Up
- from Low (Hz) to High (Hz)

Down
- from High (Hz) to Low (Hz)

UpDown
- from Low (Hz) to High (Hz) and back again

DownUp
-  from High (Hz) to Low (Hz) and back again

Each of these can be either Lin or Log, ie linear or logarithmic steps between start and stop frequency.  (The signal will pause at the sweep start frequency if the delay is greater than zero.)  Type is only available if High (Hz) is non-zero.

Time (s) can be set in the range 0.5‑9.9 seconds and defines a sweep's duration after any delay.  Time (s) is only available if High (Hz) is non-zero.

Decision toggles between Computer and Operator.  (Decision is only available if High (Hz) is zero.)  In operator decision mode the operator listens and then informs NaTKiT whether the unit is good or bad.

In Computer decision mode, a single frequency is applied and NaTKiT measures the signal coming back.  NaTKiT then decides pass or failure by applying the measurement to upper and lower limits.
LimHi(dB) is the upper limit and can be set in the range 0‑(LimLo(dB) + 1) dB.
LimLo(dB) is the upper limit and can be set in the range 

-99 - (LimHi(dB) - 1) dB.
To help set LimHi(dB) and LimLo(dB) select RUN.  NaTKiT applies the defined sine wave and then makes and displays eight measurements.  These eight help the engineer determine if the test circumstances are stable or being affected by noise.

LORD NaTCH’S THOUGHTS ON DISTORTION TESTING

The problem with measuring a loudspeaker’s distortion is that there can be more than one mechanism causing the distortion so you may need more than one type of measurement to make a meaningful decision.
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You can make a distortion measurement by driving your loudspeaker with a sine wave, measuring what comes back from the loudspeaker, filtering out what you put in and then what is left over is the distortion plus the inevitable noise.  This is a Total Harmonic Distortion (THD) measurement.  The problem with the “OUT” above is that the THD value is going to be pretty much the same no matter how bad this particular distortion is.  Most of the THD value is generated by noise and the remains of the fundamental that can’t be filtered out – but there is a fix.
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The distortion will be at some multiple, ie harmonic, of the frequency you are applying and you know what frequency you are applying.  If you also know at which harmonic the distortion is occurring then you can filter out everything except the harmonic distortion.
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The next problem is that distortions in a loudspeaker are very dependent on the cone movement, ie the excursion.  Cone excursion is inversely proportional to frequency, ie as the applied frequency goes down the excursion goes up.  Consequently measuring a loudspeaker’s distortion at one frequency is not terribly meaningful.  What you can do though is sweep the applied sine wave tracking with your harmonic filter.  You then get a result like this where the distortion is high at low frequencies where the excursion is high.

Now isn’t all this dandy.  If you have a problem, say poorly stuck surrounds, by fiddling about with the filter characteristics you can get a significant difference between the distortion curve of a good unit and a bad unit.  Unfortunately, it also very probable that there will be no difference in the distortion curve of a good unit and a bad unit with distortion caused by a different problem.  You could find yourself in the ludicrous position of a unit passing with flying colours, because its surround is firmly stuck on, whilst going “WACKA WACKA WACKA” because of a ceramic chip in the gap.

A solution is to have four or more tracking filters all going at the same time.  You will also need sophisticated pass or fail software processing because you are comparing a curve with a curve not a value with a limit.  NaTCH already have the software, it‘s how the NaTKiT1 decides pass or fail on response tests, and we are working on the filters for NaTKiT2.  In the meantime, NaTKiT1 does allow the engineer, not the operator, to define what signal is applied to the unit and even a moderately experienced operator is going to hear that “WACKA WACKA WACKA”!

THE NaTKiT1 SYSTEM PARAMETERS
The engineer can set the system parameters in the System Maintenance menu.

Station name identifies the source in production and curve data files.  It is worth entering a name even if you presently have only one NaTKiT test station because you will be able to identify the source of historical data if you add further stations.  The maximum name length is 12 characters.

Engineer Password protects access to the engineer facilities.  The password can be up to 8 characters.

Supervisor password protects access to the supervisor facilities.  The password can be up to 8 characters.  Should either or both of the passwords be lost the engineer can force entry by deleting the file "nk_sys.dat".  This will reset the system variables, except those associated with the amplifier, to the start up defaults. The default is no passwords.

Audio toggles audio prompts from the PC's speaker on and off.

System Printer can be set to Dot Matrix or HP Laser.  The software needs to know the kind of printer you have connected so it can do screen dumps correctly.

NaTKiT1 Address (Hex) sets the base address for NaTKiT board.  This parameter should match the address set on the NaTKiT1 card with the two way DIL switch marked ADDRESS.  The default address is 300 hex. The other three addresses available are 308 hex, 310 hex and 318 hex.  Should the optional Digital I/O Address be set to any one these addresses then it will not be available for the NaTKiT1.

TEST checks the available NaTKiT1 addresses and reports whether a NaTKiT1 appears to be present at any of them.

Digital I/O Address (Hex) sets the base address for the optional Digital I/O board.  The default address is 2C0 hex.  Addresses can be set in the range 200 hex to 3FC hex (excluding the active NaTKiT1 address) and 000 hex.  The address 000 hex flags the boards as not present and is shown as Not there.  If an address is set and the Digital I/O board is not present then the consequences will depend upon what other equipment may be occupying that address.

TEST only appears if a non-zero Digital I/O Address has been set.  During the test T will appear briefly whilst a short circuit is applied between pins 1 and 2 on the on the 50 way terminal board.  RETURN will appear briefly whilst a short circuit is applied between pins 3 and 4 on the on the 50 way terminal board.  The test will run until there is any keyboard or mouse input except T or RETURN.

Amplifier identifies the amplifier calibrated for the test station.  It is useful to confirm that the amplifier connected to the station is indeed the one that has been calibrated for it.

Amplifier Gain can be set by measuring the amplifier's output or by entering a known, or notional, figure.  See the preceding section Connecting And Calibrating The Power Amp for further information.

Amplifier Polarity toggles the voltage gain's sign to compensate for a polarity reversal somewhere in the system.

Operator TimeOut (m) can be set in the range 0‑30 minutes.  If the operator leaves the station, while NaTKiT is at the (T)est ... (Q)uit prompt, for a period greater than Operator TimeOut (m) then the programme ends the session.  During the final twenty seconds before the time out, the PC beeps periodically as a warning, if the system variable Audio is on.  Any keystroke or mouse movement resets the timer.

Operator Fail Check is enabled when set to Yes.  When enabled, and a unit fails, the operator is asked to confirm failure by the prompt Retest this unit (Y/N).
User Exit if Enabled allows the operator to leave NaTKiT and so have access to the system.

THE SUPERVISOR

The supervisor facility is intended to provide a line supervisor with maintenance facilities that don't require an engineer.  Entry to the Supervisor can be password protected separately from the Engineer facilities.

The supervisor can maintain the operator list and, if it is present, run NK1 Xtra.  On entering the supervisor if “NK1_Xtra.exe” is present the supervisor will be offered the choice NK1 (X)tra, (N)ame maintenance,  or (Q)uit.  Selecting (N)ame maintenance will present the sub menu (N)ew (E)dit (D)elete (S)how, or (Q)uit, and that is exactly what the supervisor can do with the operator list.

If “NK1_Xtra.exe” is not present then NaTKiT goes straight to the name maintenance sub menu.
A TEST ENVIRONMENT FOR NaTKiT
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When measuring a loudspeaker in a laboratory you are usually looking for an environment that will give hopefully repeatable free field responses.  When using comparative production testing you want an environment quiet enough to allow the operator to function; and only as stable as your longest re-calibration period.  It helps if the environment doesn't put points of steep slope in the response.  As you can see from the sketch as a slope becomes steeper the change in y increases for the same change in x.

WHERE TO PUT THE NaTKiT - NO NOT THERE
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Building the equipment into fixed cabinets or shelving makes it difficult to get at anything when fault finding.  Though there can be special circumstances it's usually best to put everything on a trolley.  A trolley allows easy access to everything, the operator can put it where it suits them, the equipment can be comparatively easily wheeled to another station; and abandoned lunches, felt tip pens, reels of masking tape, newspaper, mutton cloth, and other stuff don't build up quite as quickly.
The best sort of trolley is the computer type.  It should have a top surface for the PC and monitor and ideally a retractable drawer for the keyboard with a sliding mouse shelf that can be set either left or right handed.  (Though it is just about possible to squeeze a mini-tower PC and a monitor on to the top of one these trolleys, you are better off with a PC in a desk top case.)  The trolley should have a lower shelf, usually called a "printer" shelf, for the power amp and mike pre-amp.  (Mounting the power amp low lowers the centre of gravity.)  If the printer shelf slides stop it sliding with a self tapping screw.
Mount a four way main's distribution strip on the trolley's rear for plugging everything in.  Use a distribution strip with a main switch so everything can be switched off with one switch.

A useful tweak is to fix a medium sized speaker frame (basket) to the trolley.  It then makes a very useful place to wind long leads out of the way before moving the trolley.

Don't remove the keyboard, leaving the operator the mouse only, to prevent the operator "playing about" with the equipment.  In nine years we have had only one operator who got at the kit and he did it with good intentions.

Do provide a mouse.  Most new operators are much less intimidated by a mouse than keyboard with its "Alt Gr", "f1", "Print Scrn" and other mysterious keys.
Think before putting the monitor up on a shelf in front of the operator.  It may seem easier for the operator if the monitor is in front of them but looking up soon puts a crick in the neck.  It is easier to turn ninety degrees and look down at a monitor on a trolley.
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Think even longer before putting the monitor on a triangular shelf in a cabin corner.  Monitor and TV manufacturers are very skilled at making their products looking smaller and sleeker than they are and you will be surprised how big your shelf will have to be.

MICROPHONE TYPE

Measurement microphones generally don't make good mikes for production testing.  They have an omni directional characteristic and so most of the measurement is about the noise environment and room reflections rather than the test speaker.  In addition they are expensive, frequently need expensive dedicated pre-amplifiers and power supplies, and are just not robust enough for the production environment.

Remember that the linearity and long term stability that make a measurement microphone a measurement microphone are not needed with NaTKiT.  Changes in your microphone's sensitivity and linearity are accommodated by using NaTKiT's re-calibration facility to calibrate the whole measurement chain, rather than by using a piston phone to accommodate sensitivity changes only.

So any reasonable quality studio microphone with a cardioid characteristic and a reasonably extended high response is suitable.  We supply and recommend the Audio Technica AT 4031.  The AKG C416 is a more expensive equivalent.

Mikes with a hyper cardioid characteristic do give greater noise isolation but they tend to be less linear at high frequencies.  We have found cardioid mikes the best compromise.

POSITIONING THE MICROPHONE

Forget all about 1 metre on axis.  To achieve the best signal to noise ratio the mike needs to be close to the test speaker.  To reduce the accuracy with which the test speaker has to be placed on its bench mark and to achieve a reasonable integration of the drivers in a system the mike needs to be placed away from the test unit.  By cut and try you find the best solution for your environment.

If at all possible arrange things so that systems fire horizontally and away from the operator.  This positioning minimises the effect on the measurement of the operator.  To prevent scratching the box sides that show place the speaker vertically, ie in its normal position.

Forget placing the speaker on its back and putting the mike above it.  Guaranteed bad news - connecting up is a nightmare, and the operator's head becomes the biggest variable in the measurement process.

A TEST BOX FOR DRIVERS

To test drivers stand alone you will need a test box.  A box volume of 0.5 m3 (500 ltr, 17.5 ft3) will cope with a low resonant frequency 15 in driver but will also be large.  Avoid simple relationships between the box dimensions to distribute the standing wave frequencies in the box.  (A cube is the worst case as all three dimensions are the same.)  Make sure the box ends up at a convenient work height for the operator.
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If you really want to go for it design a box with no parallel surfaces.  The drawing is not easy and, if you make the top horizontal, it's a real fiddle arranging the box to stand up.  If you do build such a box when you stick your head in and say "Boom" there is a satisfyingly unresonant sound.  In addition, the box's bizarre appearance impresses visitors making you look really technical.

Test drivers face downward on the box top.  (Small systems can be done this way too.)  Testing in this position does mean that the coil will be slightly displaced in the gap by the coil and cone's own weight but this is not significant, even with highly compliant high mass drivers.
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Mount the mike in the box on desk type mike stand screwed to the bottom or possibly a side.  Don't worry about vibration isolation of the mike stand.  If vibration of the box is a problem, deal with it by increasing the drive level to the driver, ie increasing the signal to noise ratio.  If you use floppy flexible mike mountings, the mike will move about giving inconsistent results.  Mark the mike's position in its clip with tape so you can easily relocate it.

Position the mike away from the box sides.  For the best signal to noise ratio position the mike close to the test unit but remember if you are going to test systems it needs to be far enough away to integrate between the system's various drivers.  If the mike has a wind shield use it.  It gives the mike some protection when someone eventually drops something on it and some measure of dust protection whilst having little effect on the mike's frequency response.

Run the mike lead to a connector mounted on the box rather than just passing it through a hole.  Then when someone manages to get the external mike lead box tangled up in the fork lift truck the mike will not be wrenched from its clip and the damaged lead is easily changed.
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Similarly don't just run the leads from the amp to a pair of croc clips at the business end.  Run the amplifier's output to connectors mounted on the box's top.  (Perhaps use a small box with two pairs of 4mm sockets wired to the each other and screw it to the test box's top.  The leads from the amp plug in one side and the leads the test unit the other.)  By having connectors you can easily change leads for products with different fittings, change leads when the connectors wear out with constant use or insert crossovers, capacitors, resistors or what ever your engineer insists are essential to reveal the true wondrousness of the major breakthrough he has designed.

If you want be really polished you may want to put two of these boxes on the box top so that the operator can plug up to whichever is best for them.  (Your operator may be left handed!)

Line the box with absorbent.  Acoustic foam tiles are best.  Tiles don't move about when stuck to the box sides and don't generate dust to gather on the microphone diaphragm, unlike BAF and wool.  (If you glue the absorbent, remember to remove the mike first so it isn't attacked by the fumes from glue.  Allow time for the fumes to disperse before using the box or they might attack the operator as well.)  If you have made a box with non-parallel surfaces give yourself the pleasure of going "Boom" before you put the absorbent in.
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Having put all this effort into your box make it as adaptable as possible.  Don't just cut a hole in the top and knock in a few nails to make a bench mark but design a "baffle" system.  A "baffle" is a ply board with a hole in for the test unit to fire through.  Fixed to it is another board cut out to provide a positive benchmark for the test unit.  (A benchmark is an arrangement that ensures that the test units are always in the same position for the test.)  Clamp the whole lot down to the box top with toggle clamps using battening of some kind to reference it to the box top.  Adopt a standard size for the baffles and try to arrange it to cope with large products.

The two things to remember when thinking about all this are ease of use for the operator and compatibility.  You don't want to end up with two different boxes with two sets of baffles that won't interchange.  Producing a flexible, easy to use, and reliable arrangement takes some thinking about.

With the box finished you plug up a speaker and do a frequency response.  You will be surprised at how good a bass extension your drivers have.  The reason is that the pressure response inside a closed box mirrors that of the driver in free space and so boosts the low frequency response.  It is not a problem but if it worries you the mikes we recommend have bass cut switches, or you could equalise the power amp or mike pre-amp.  DON'T change your test box from a closed box type to deal with this problem.  You will significantly reduce the signal to noise ratio at the mike and possibly start the box operating as a Helmholtz resonator putting nasty humps in the response.

A TEST BOOTH FOR SYSTEMS
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The reason your engineering department has an anechoic chamber is they want to remove room reflections from the measurement.  This is not the reason you have a test booth.  You have a test booth to keep noise from reaching the microphone and to create a quiet enough space so the operator can hear the test unit.  (As the NaTKiT compares the test unit with the reference it doesn't matter if the response is not anechoic.  Excessive room effects will effect the efficiency of the test but it is unlikely.)

If your production is quiet enough then you may not need a booth at all.  Periodic noise in the production environment - ventilation fans, electric motors, even ultrasonic welders - tend not to be a problem for the NaTKiT, though it can be a problem for the operator.  Impulsive noise - pneumatic tools, particularly staplers - can be a problem for both the operator and NaTKiT.
Two parameters control how much noise gets into a booth.  They are how airtight the booth is, and the mass of the walls.  The more airtight the booth is the less noise will get in.  The greater the mass of the walls the less low frequency noise will get through.

If a production test booth is made airtight then the test speakers cannot move in and out easily.  Some companies may find it acceptable for units to pass through a hatch or door that has to open and close but most folks want the stuff to pass through the booth faster than that.  Usually the speakers are moving on some track or flow line that passes through the booth.  The booth has two openings, one for the untested to enter and one for the tested speaker to leave.  A solution in these circumstances is to build a tunnel around the entry and exit lined with absorbent.  You have now made a "tortuous" path for high frequency noise entering the booth; ie it will be repeatedly reflected as it passes down the tunnel and consequently repeatedly absorbed by the lining.  If you wanted to go for the deluxe version, you could have flexible plastic "streamers" covering the openings.
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This tortuous path will have little effect at low frequencies and so constructing high mass walls will be a waste of time.  Low frequency noise will get in if there is any opening.

The sound level heard by an operator in a room will have two components.  The sound travelling directly from the source to the listener is the direct component.  The rest of the sound generated by the source, after it has bounced around the room, makes up the reverberant component heard by the listener.  There is nothing you can do to attenuate the direct component except place a panel between the source and listener.  The reverberant component as it bounces around the room can be attenuated by lining the booth with sound absorbent.  So lining the booth with absorbent will attenuate the reverberant component made by external noise and the component generated by the test unit.

Remember that a closed box lined with acoustic foam is a very oppressive environment for the operator.  (They are often referred to by operators as padded cells.)  A window makes the booth more pleasant to be in and can make it easier for the operator to communicate with the outside world and vice versa.  Covering dark coloured absorbent with acoustically transparent light coloured muslin or something can lighten the place up as well.

In some circumstances, say in very large space with the test point  a few yards away from a whining electric motor, the noise will be primarily in the direct field.  Under these circumstances you don't really need a booth.  A partition (or two) between the noise source and the test point may very well do the job.

NK1 XTRA

NK1 Xtra is a software support package for the NaTKiT1 production test system.  It will only run usefully if dBase format files generated by NaTKiT1 v0.81 or later are present.  NK1 Xtra supports NaTKiT1 by maintaining and analysing the data in the two dBase files nk_curve.dbf and nk_prod.dbf generated by NaTKiT1.

The dBase file nk_curve.dbf contains the response curves of models specified by the engineer.  There is other data associated with each response including the date and time the unit was tested, the test station name, and the operator's name

The dBase file nk_prod.dbf contains information about each test session.  The information includes the model name, the operator's name, the test station name, time and date information about the session, the total tested and the total failed.

The current NK1 Xtra version, 0.10, provides the single facility to identify the "typical" unit of a batch.

WHY DO TYPICALS?

When your favourite development engineer designed his most recent pair of masterpieces he would have certainly put much effort into making them sound just wonderful.  What is considerably less likely is that before building the drivers he did such things as weigh the cones and voice coils, measure voice the coil resistance, etc and choose ones in the middle of the batch spread.  You can bet that the prototypes are not in the middle of the production spread.  What is more production engineering will cause other differences.

To use the designer's prototypes as standards would be most unwise.  Some units will fail that wouldn't have if the standard used was in the middle of the production spread.  A better way of proceeding is to measure a batch of production drivers on generous limits and then identify the unit nearest to the production spread middle.  Once identified this unit can be compared with the prototype to see if the resultant performance differences are acceptable.  If the unit is acceptable then production testing can proceed and duplicate standards found using NaTKiT's standard search facility.  If the typical unit is not acceptable then the production processes have to be tweaked so that the production units more closely resemble the prototype.

APPENDICES

APPENDIX A - Script Files

An engineer can specify a script file name for a sequence.  Script files provide a way of sending data to a printer.  The engineer creates the script and then if a test unit passes all the tests NaTKiT executes the commands contained in the script file.  The issue disc contains the example file SCRIPTS\scriptdem.txt.  The current script file syntax follows.

1/ Any line with "." in the first column is interpreted as a remark.

2/ Any line with ".." in the first two columns is interpreted as a command.

Script File Commands

The command ..CR XX sends XX line feed and carriage return combinations to the active output device.

The command ..DATE sends to the active output device the current date in d mmmm yyyy format.  The d is the day of the month as a numeral, the mmmm is the full name of the month, and the yyyy is the year as four numerals.  The date format can be altered by adding a format specification to the ..DATE command.  For example ..DATE d mmmm yyyy is equivalent to the default and would give 7 December 1958, ..DATE d-mmmm-yy would give 7-December-58, ..DATE m/d/yy gives 12/7/58.
Please be warned that NaTKiT cannot recover if it encounters an invalid format specification.


d

Display the day as a number without leading zeros (1-31)


dd

Display the day as a number with leading zeros (01-31)


ddd

Display the day as an abbreviation (Sun-Sat)


dddd

Display the day as a full name (Sunday-Saturday)


ddddd

Display a serial date number as a complete date




(including day, month, and year)


m

Display the month as a number without leading zeros (1-12)




if used immediately following h or hh, the minute rather than the month is displayed


mm

Display the month as a number with leading zeros (01-12);




if used immediately following h or hh, the minute rather than the month is displayed


mmm

Display the month as an abbreviation (Jan-Dec)


mmmm
Display the month as a full name (January-December)


y

Display the year as a two-digit number (00-99)


yyyy

Display the year as a four-digit number (1900-2040)

The command ..ID sends the NaTKiT's serial number to the active output device.

The command ..LPTX sets printer port X as the active device.

The command ..MODEL sends the current model to the active output device.

The command ..OPERATOR sends the current operator's name to the active output device.

The command ..PARTNER returns the next number below the current serial if the current serial number is even.  If the current serial is odd then PARTNER returns the next number above.  For example, if the current serial is 1245 then PARTNER returns 1246.

The command ..PLOT  type  yFramePos  yPos sends the current test unit's frequency response to the active output device.  This command only functions if the active output device is a laser printer configured to support Hewlett Packard PCL and HP-GL/2.
The argument type can be Comp, Diff or Target.

Comp specifies the compensated curve is sent to the output device.

Diff specifies the difference curve is sent to the output device.

Target sends the target frequency response to the active output device.  The target is specified by data contained in the file specified by the sequence parameter Compensation file.
The argument yFramePos specifies the y axis position of the bottom left hand corner of the plot frame on the output device. 

The argument yPos is an optional argument.  It only applies to Comp and Target.  It adjusts the plot's y axis position within the plot frame.  It can be a signed number, typically in the range -3.0-3.0dB.

The command ..SERIAL sends the current test unit's serial number to the active output device.
The command ..SPACE XX sends XX spaces to the active output device.  The maximum permitted value for XX is 255.  If XX equals zero, or is missing, then NaTKiT ignores the SPACE command.
The command ..TIME sends the current time in "hh:mm" 24 hour format to the active output device.

The command ... sends "." to the active output device.

The command ..@ XX XX the space separated numbers are sent to the active output device as the appropriate ASCII control code.  For example "..@ 12" would normally cause a printer to form feed.

Any other string, except spaces or nulls, is sent unprocessed to the active output device.

APPENDIX B - Production Reporting In NaTKiT
NaTKiT1 keeps a production record in the file nk_prod.dbf.  This is a dBase III format file with a 1337 byte header.  Each record is 243 bytes and contains 42 fields in the following format.

Field Name
Field
Field Type
Length
Decimal


No


Places

Model
1
Character
19


Operator
2
Character
19


Test_statn
3
Character
12


Start_code
4
Numeric
12
6

End_code
5
Numeric
12
6

Dead_code
6
Numeric
12
6

Total_test
7
Numeric
12
6

Total_fail
8
Numeric
4
0

Failcode1
9
Numeric
4
0

Failcode2
10
Numeric
4
0

.....





Failcode31
39
Numeric
4
0

Failcode32
40
Numeric
4
0

Expansion1
41
Character
10


Expansion2
42
Character
10


Model is the product tested during the session.
Operator is the name of the operator for the session.
Test_statn is the station from which the data has come.

Start_code is the encoded session start date and time.

End_code is the encoded session end date and time.

Dead_code is the total time during the session that the Fault Finding option was active; ie no production testing occurred.

The number for all three codes is in Microsoft Visual Basic format.  The Dattimecode section in Appendix C contains an explanation of the format.

Total_test gives the total number of units tested during the session.
Total_fail  gives the total that failed during the session.

Failcode1 .. 32 are not in use but are intended to return a failure mode analysis.
Expansion1 and Expansion2 are, not surprisingly, for future expansion.
APPENDIX C - The Disc Logging File nk_crv.dbf Format

The data file nk_crv.dbf contains test unit response curves in dBase format.  The dBase header is 3553 bytes.  Each record is 187 bytes and contains 110 fields in the following format.

Field Name
Field
Field Type
Length
Decimal


No


Places

Model_name
1
Character
19


Serial_num
2
Numeric
7
0

Dattimcode
3
Numeric
12
6

Stat_name
4
Character
12


Op_name
5
Character
19


Swpstrtfrq 
6
Numeric
5
0

Swpendfrq
7
Numeric
12
0

Swpptnum 
8
Character
1


Future_exp
9
Character
5


Fail
10
Character
1


Curve001
11
Character
1


Curve002
12
Character
1


.....





Curve099
13
Character
1


Curve100
14
Character
1


Model_name is the product name tested.

Serial_num is the serial number of the unit if applicable.

Dattimecode is an encoded number representing the date and time the unit was tested.  The code is in Microsoft Visual Basic format.  The integer part of the number represents the date and is in the range ‑53688 to 65380 representing 1 January 1753 and 31 December 2078 respectively.  The decimal part of the number is the time scaled so that 24 hours equals 1, eg 0.5 represents 12:00 pm.

Stat_name is the test station name where the unit was tested.

Op_name is the person who tested the unit or, to be more precise, the name the operator selected from the list.  If there is no operator name list then the entry will be Unknown.

Swpstrtfrq is the Sweep start frequency in hertz, ie the frequency the response sweep started at.
Swpendfrq is the Sweep end frequency in hertz, ie the frequency the response sweep ended at.
Swpptnum is the Sweep point number, ie the number of points in the sweep.  The frequency for each point can be calculated from the expression 





freq = (10(inc * (n-1))) * fLo



where

inc = log10(fHi / fLo) / (ptNum - 1)





n is the point of interest





fLo is the sweep start frequency, ie Swpstrtfrq





fHi is the sweep end frequency, ie Swpendfrq, and





ptNum is the number of points in the sweep, ie Swpptnum
Future_exp is for future expansion.  (We have plans!)

Fail flags if the unit failed the test.  This isn't as daft as it sounds because an engineer may want review the failures only - we all know engineers like to have a nice long think before they say it's all right really.  The field is a single character flagging a failure if the ASCII value of the character is greater than zero.

At present, it isn't possible to set disc logging on fail.

Curve001 .. 100 the relevant number of fields will contain for each point the difference in dB from the standard.  By storing the difference from the standard rather than the actual response, future environment changes are accommodated.  Each field is a single character and has the difference encoded into the ASCII value of the character.  The value can be simply decoded by the simple expression





difference = (n - 128) / 10


where n is the ASCII value of the character.  

Please note that if importing this data into a Windows application the ASCII value returned will depend on the relevant font.  The correct font is Terminal and this should be active at the point of importation.

APPENDIX D - The Files And What They Do

NNNN_cal.dat is the calibration file for the NaTKiT1 board serial number NNNN.  The programme actually looks for the file nk_cal.dat.  By keeping a duplicate of nk_cal.dat under a file name that indicates the serial number life is made a little simpler.  The file is plain text.

nk_amp.dat contains the calibration data for the power amplifier.  It is plain text.

nk_cal.dat - see NNNN_cal.dat above.

nk_crv.dbf contains the responses for the models the Engineer has selected for disc logging.  See "APPENDIX C - The Disc Logging File nk_crv.dbf Format" for more information.

nk_prod.dbf contains the production performance data.  See "APPENDIX B - Production Reporting In NaTKiT" for more information.

nk_seq.dbf contains the test sequence parameters for the models you have created at the test station.  If you want to copy the test sequences to another test station then this is the file, along with nk_tst.dbf, to copy.

nk_sys.dat contains the system parameters, ie the test station name, the operator time out, etc.

nk_tname.dat contains the name of the sequence name used to create the “Typical”.  It is only used NK1 Xtra.
nk_tst.dbf contains the test parameters referred to in nk_seq.dbf.  If you want to copy the test sequences to another test station then this is the file, along with nk_seq.dbf, to copy.

nk1.exe is the NaTKiT1 test programme that needs all these data files!

nk1_sim.exe is NaTKiT1 test programme but in simulation.  It will run without the NaTKiT1 board present.

nk1_xtra.dat may not be present.  It contains the system parameters set by the Engineer for the optional support programme NK1 Xtra.

nk1_xtra.exe may not be present.  NK1 Xtra is an optional support programme that identifies the median of a batch and pair matches.

pricelst.txt contains the current prices when the issue disc was made and is intended as a guide only.

readme.txt lists any late information or known bugs.

whatsnew.txt contains what features and fixes are new since the last version.

APPENDIX E – Fault Finding the NaTKiT1

Honest – we don’t have many problems with the NaTKiT board, but nothing in life is perfect (except maybe some Little Feat, John Prine and Lyle Lovett tracks).  If you are doing a new installation first work through the section INSTALLING THE NaTKiT1.

Changes

Remember the NaTKiT is a comparative test system.  If something changes in the measurement chain, it is accommodated.  This is fine if, for example, the change is some temperature dependency in the driver.  Not so good if the power amp has fried and nobody has noticed.

If the NaTKiT was working fine but is now failing every thing, something has changed.  You have to work out what has changed and then decide whether it matters.  If not you then have to arrange things so units pass under the new circumstances.  If it does matter you have to correct the change.

Supposing the microphone goes low sensitivity.  The displayed response curve will drop.  You could just re-calibrate but maybe the level will be so low the polarity test will fail.  You can increase the output level for both tests and re-calibrate or you could change the mike.  It is your decision.

NOTE: if you have changed the NaTKiT board have you also remembered to change the calibration file?

Hardware

This section assumes your problem is a hardware fault with the NaTKiT board or the associated amplifier and measurement chain.  The Four Rules of Engineering apply.

The Four Rules of Engineering

Rule 1  It’s always the lead.

Rule 2  Is the same as Rule 1

Rule 4  Many Engineers are enumerate.

(For the more sophisticated there is a fifth rule.  Rule 5  Never turn anything on for the first time late on Friday.  It will explode and spoil your weekend.  And while we are at it let’s get “Yesterday I couldn’t even spell Engineer and now I are one” out of the way.)

Is NaTKiT Reporting “NaTKiT hardware not found …”?

Yes – if the NaTKiT has been found previously try moving the NaTKiT board to another slot, otherwise work through the section Installing The Hardware.  If moving the board doesn’t solve the problem contact NaTCH.

No – try the sections below.
Is There Sound From The Loudspeaker During Tests?

Yes – try the next section.

No – something is faulty in the output chain, ie the NaTKiT, power amp and leads.  (Maybe you even have a dead loudspeaker.)  The easiest way to identify the fault is by substitution.  Rules 1 and 2 apply, and anyway the easiest thing to substitute is the leads, so start there.

If you are testing crossovers you could substitute a loudspeaker for the test unit to do this test.
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If You Clap Near The Mike During A Test Do You Get Something Like This?

Yes – contact NaTCH.  However, at the moment we are just as baffled as you are (.

No – something is faulty in the input chain, ie the microphone, microphone pre-amp, NaTKiT, and leads. The easiest way to identify the fault is by substitution.  Rules 1 and 2 apply, and anyway the easiest thing to substitute is the leads, so start there.

Leads

Leads are the most likely thing to fail and the easiest to change.  You can buy spare leads from NaTCH.  Indeed, we supply a spare lead set.  See our price list or our web site.

PCs

Do not run NaTKiT in a DOS window under Windows.  NaTKiT will run slower and errors may occur because it does not have guaranteed access to the PC’s resources.

If there is some problem with the PC that you suspect is the NaTKiT board try relocating it in a different slot.  At the time of writing there has not been a single faulty NaTKiT board that has caused a PC problem.  Occasionally movement in a sloppy socket has caused a problem.
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