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0.0 Caution!!!

All users should be continuously mindful of these words of caution
while using the LifeTest system. If not done properly, power testing
at high power levels can be dangerous to the user and to the
equipment:

1 Only qualified and trained technicians should be allowed
access to the system. A good understanding of electrical safety
requirements is a must for anyone working with the system.

1 Never make equipment connections while the equipment is
powered up. Shut everything off (computer and all amplifiers)
before installing or servicing the equipment.

1 Never connect or disconnect loads on the amplifier output of
any channel that is running.

1 Never touch the speaker leads when the system is running.
High voltages can be very dangerous and are potentially
deadly.

9 Use only amps that are short circuit protected. Otherwise,
devices under test may fail and short out and cause damage to
the amplifier.

1 When calibrating, make sure only the test load is connected to
the DUT output. If another load is still connected (a DUT still on
that channel), the system readings will not be accurate.

1T Dondét forget to remove the test | oa
calibration is complete. Leaving it in the circuit will cause
erroneous readings (and may fry your test load.)

1 If using the 4-Wire option, be sure to maintain polarity between
amp, speaker/DUT cable and the voltage sense wires 1 See
section 2.2 for more information.
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1.0 Introduction

The LifeTest system is designed to facilitate powered life testing of products drawing
electrical current. Primary applications are the testing of passive loudspeaker transducers
and systems, audio amplifiers, and powered loudspeaker systems. It is intended to be an
economical system that is easy to use while offering a wide array of testing capability.
The system software can accommodate up to 24 channels of simultaneous testing. It uses
windows based audio device hardware and the LifeTest current sense box I/O as the only
required hardware.

LifeTest works by allowing the user to set up test blocks that are groups of DUTs
(Devices Under Test) subjected to the same test signal, power level, test duration and
other attributes. All of the available channels can be set up as a single block or various
combinations can be chosen. In the extreme, every channel can be its own block having a
different power level, test signal, start/stop time, etc.

Test signals are stored as Windows wave files (.wav) and are selected from a drop down

box when setting up a test block. Any file in the test directory is available for testing.

The files can be generated from the LT appli
some other source including the recording of analog generators. Once the .wav files are

available, there is no need for external gear; i.e., signal generators, CD players, filters,

etc.

The calibrated system will output the required test voltage and monitor the current
flowing in each channel. Duty cycling and power ramping is easy to setup. Small signal
parameters of loudspeaker transducers can be measured at specified time intervals.
Ambient temperature and humidity records can be tied to any test channel and
temperatures of DUTs can be tracked as well.

2.0 System Setup

2.1 Software Installation. Install the LT software before connecting the LT box. The
install procedure will install the drivers for the LifeTest enclosure and this mustbe done
before the box is connected to the PC via the USB cable. Running the setup.exe file will
simultaneously install the LifeTest system and the security dongle drivers. It is strongly
recommended that you close other applications on the desktop while doing the install. A
successful installation will leave short cuts to the software on the desktop and the in the
startup menu.

2.2 Hardware Setup. Nexti nst al |l the audio interface accor
instructions and verify the device is functioning properly by looking for the audio devices
in the Windows control panel. The audio interface can be any device that offers
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Windows legacy drivers that present the audio devices as stereo pairs to Windows. The
hardware can be PCI card based or connected by USB or Firewire cable.

Note, the signals returning to the audio interface inputs from the LT C/V outputs are not
associated with the same DUT #. To maintain 8 channels per unit with simultaneous
current and voltage measurements, each DUT channel uses two LT ouputs that are shared
with another channel through a relay. The routing is as follows

DUT1/5 > LTC/V1/2
DUT2/6 > LTC/V3/4
DUT3/7 > LTC/V5/6
DUT4/8 > LTC/V7/8

Hence, even if you are monitoring a DUT only on channel 1, LT C/V outputs 1&2 must
both be connected to the audio interface inputs according to the routing of the I/O setup
as discussed in section 2.5.

2.2.1. Wiring The LifeTest Box. The LT C (current monitor) output jacks are
unbalanced, but they will work with an audio device that has balanced inputs. The
calibration routines account for the gain loss.

The system setup is straightforward. The first step is to hook up the components as
shown in the typical configuration of the diagram below. (For the 4-Wire option see the
next graphic.) The speaker cables and signal wires are shown only for channels 7&S8 for
clarity. The LT USB jack must be connected to the PC USB jack using the provided
male-to-male USB cable. This cable connects the USB security dongle to the PC and
without it the system will run only in demo mode and no actual testing can be done.
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System Configuration

The 4-Wire configuration is shown below. In this setup, the voltage measurements are
taken from a point near the DUT. This gives the most accurate readings as the voltage
drop in the cables to the DUT are not an issue. This option is recommended where highly
accurate test voltages are required and in cases where long cables are driving relatively
low impedance loads. This version of LifeTest can correct for the cable losses. Only
Neutrik NLAFC connectors should be used to connect to the LifeTest back panel for the
4-Wire option. Other connectors may not fit properly or may not have adequate current
handling capacity. Be sure to wire the LifeTest to DUT cable as shown below.
Maintaining proper polarity between the Amp, LifeTest, and the voltage sense wires is
very important! Failure to wire as shown can result in erroneous measurements or
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possibly equipment damage.

LifeTest 4-Wire Option

(] Chl - Che - [}
OAMP QAMP
o 2
0 T o T
@ &
D (780 3 (4% 5 USE O
+ " s LifeTest Back
Amp Output . > Panel Amp
- Connector
Amp Qutput to LifeTest Amp Input Cable \

Neutnk NL4FC

Life Test Back

Panel DUT
Connector

>
Voltage sense wires

LifeTest DUT Qutput to DUT Cable

Neutrik ML4FC

Wake sure the the NL4FC terminals are connected 1+ to 2+ and
1-to 2- nearthe DUT. Proper palarity must be maintained

It is recommended that power amplifiers be used that provide more than adequate head
room for the worst case current and voltage requirements. It is not necessary that all
amplifiers be the same. It may be desirable/more cost effective to purchase just one very
high power stereo amp that is capable of meeting the worst case current/voltage need.
However, such a strategy can limit channel usage flexibility.

It is also recommended that all external equipment be kept in an equipment rack to keep
wiring neat and organized. If the amplifiers or audio interface have knobs or buttons that
will affect output/input levels, the rack should have a lockable screen door that prevents
tampering or accidental adjustment of the system after it has been calibrated. Make sure
any door allows for adequate air flow as intended by the amplifier manufacturer.

The speaker cable gage should be heavy enough to support the maximum expected

current and to keep the total run (Amp-LT-DUT-LT-Amp) impedance at a small
e

6
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percentage of the lowest DUT impedance to be tested (this is less critical when using the
4-Wire option.) For example, if the amp is 1 meter from the LT box and the LT box is 5
meters from the DUT, the total impedance is (1+5)*2 = 12 meters. As can be seen in
table 1 below, using 12AWG wire provides adequate current capacity, but when driving a
2 Ohm load the voltage drop in the wire will be about 3% which is probably too high.
10AWG wire reduces the drop to about 2% and 8AWG reduces the drop to around 1%.
In reality, the drops will be less than this for typical transducer loads. The LT system
puts out a voltage based on the system calibration and rms level in the wav file. Care
should be taken to avoid excessive voltage drops in the speaker wire (again, less critical
with the 4-Wire option, though the Max continuous current should never be exceeded.)

Max.
continuous Approximate Approximate
AWG wire current resistance resistance
gage (Amps) milliohms/foot milliohms/meter
16 19 4.0 131
14 27 2.5 8.2
12 36 1.7 54
10 47 1.0 33
8 65 0.6 2.1

Table 1. Wire gage current capacity and resistance

2.3 Activating the Software. When everything is connected and the audio devices are
confirmed to be installed, the software can be started. If the software does not find the
security dongle installed within the LT box, the software will run only in demo/viewer
mode. The first time program startup will require a validation code. Follow the
instructions given and email the request given to the email address provided. A return
email will provide the validation code needed to fully activate the system. The computer
system clock/date must be accurate or the code will not work. Depending on the license
agreement, the activation code might be need periodic updating. A warning will be given
when the license needs updating within the coming 30 days.

Whether the system is fully activated or running in demo/viewer mode, the main screen
will open as shown below.
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[ LifeTest - Main

fi

File Help Setup  Status Panel

I[Amps] Deg C(8) DegCiT)
5.0 2000 2000 LifeTest Control

X Axis Scale
Range Max
120 120

4.5 1800 1200

4.0 1600 160.0

[7] Track Lead Edge
Sy 140.0 1400

20 1200 1200 Biock Selector
Al =

Highlight Channel #

100.0 1000

=00 200

3 DUT res1

Define Test Blocks
o0 120
Run LifeTest

Measurament | Status |

LifeTest Main Screen

File Help | Setup | Status Panel

The setup drop down menu 10 Setup

shown at the right is used to open Calibration L
the calibration and audio I/O Graph

devices windows. These setup Siginial Maket

steps must be done before the

General Setu
system can be used. i

Temp/Hurnid Sensor

Activate License

21.0

Setup Menu Options

2.4 Password Protection. The setup options can be password protected by creating a text
file with the desired password saved on the first line in a text file named USER.PWD in
the APTSetup\O subdirectory of the LifeTest application. For calibration, I/O Setup, and
e
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General Setup functions, the user will be prompted for the case sensitive password. The
password scheme is not intended to provide high security, but rather to keep untrained
operators from accidentally changing setups.

LifeTest Operating Manual

2.5 /O Device & Amplifier Settings. Start with the I/O Setup screen as shown below.
The input and output devices registered with Windows will be available for selection
from the input and output drop down boxes. The inputs and outputs are routed as stereo
pairs. Devicel-2 must be used for channels 1-2 for both inputs and outputs and so on.

T 1/0 Setup =NEc X |
Exit
Input Output
Audio Devices Amplifier Limits
Audio Deviees Min Imp.  Max1 Max
chiz Analogin 01-02 (AudioFire 12) ch1z Analogout 01-02 (AudioFire 12} [ 200 | 2000 5000
Chaa Analogin 03-04 (AudioFire 12} Chaa Analogout03-04 (AudioFire 12) [ 200 | [2000] [5000]
Ch5§ Analeg in 05-06 (AudioFire 12} Ch 56 Analog out 05-06 (AudioFire 12} | 2.00 | | 20.00 | 50.00 |
ch7.p  Analog in 07-08 (AudioFire 12) ch7g Analog out 07-08 (AudioFire 12} [ 200 | [2000] |s0.00
Chog  Analog in 08-10 (AudioFire 12) Chog  Analog out 09-10 (AudioFire 12) [ 200 | [2000] |s0.00
Chii4z  Analogin 11-12 (AudioFire 12) Ch11.42 Analog out 11-12 (AudioFire 12) « | zo0 ] [2000] [5000]
Chiiia  Analogin 01-02 (3- AudioFire 12} Ch13.14 Analog out 01-02 (3- AudioFire 12) v | zo0] [=2000] [5000]
Chis.g Analogin 03-04 (3- AudioFire 12} ~ Ch 1515 Analog out 03-04 (3- AudioFire 12) ~ [ 200 ] [2000] [5000]
Ch17.4a  Analog in 05-06 (3- AudioFire 12) + Ch17.13 Analog out 05-06 (3- AudioFire 12) v | 200 ] [2000] [5000]
Chigzp  Analogin 07-08 (3- AudioFire 12} ~ Ch1g.zp Analog out 07-08 (3- AudioFirs 12) v [ 200 ] [2000] [5000]
Chzi.zz  Analogin 09-10 (3- AudioFire 12} ~ Ch21.zz  Analog out 08-10 (3- AudioFire 12) « | zo0 ] [2000] [5000]
Chzaza  Analogin 11-12 (3- AudioFire 12} ~ Chza24 Analog out 11-12 (3- AudioFire 12) « | zo0 ] [2000] [5000]

Configuring the I/O Devices and Amplifier Limits

The I/O setup screen also has boxes to enter the minimum impedance each stereo
amplifier is capable of driving along with the maximum current and voltage it can
provide. The settings can be determined from the amplifier specifications but it is
recommended that distortion versus power measurements for the range of anticipated
loads be made to determine these settings. The maximum current allowed is 30 amps
(rms) that is the rating for the current sense electronics in the LT box. When setting up
test blocks, the system requires entries for the DUT minimum impedance and test power
level. The maximum current and voltage requirements are calculated and the system will
not allow any block to be saved that violates the limits setup on the I/O setup screen.
This feature is included to prevent technicians not familiar with the amplifier capabilities
from attempting to run a test that might give faulty test data or damage the amps. Note:
each pair of amplifier channels can have different limit entries.
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Once the options on the I/O screen are set, they will be permanently saved until they are
changed through the I/O Setup menu option.

2.6 Calibrating the System. Next,  ["9" Cajibration _ s o S
the system requires calibration. ———— : 1
Click on the Calibration option Eail

from the Main Screen menu option

to see this window open. To

calibrate a channel, simply select it

and click the Calibration button. '/ Channel 1

An accurate true rms reading (| Channel 2

voltmeter and a power resistor ") Channel 3 ‘ Play Test Tone ‘
(recommended 10W or higher) [_) Channel 4

with precisely known impedance (| Channel 5 [ Calibrate l

are required. To begin, the user is () Channel &

prompted to connect the calibration ! Channel 7

load to the LT box dual banana ) Channed 8

DUT outputs. Make sure there is '

no other load connected. The Select the channel to calibrate and ciick the calibrate

system will play a very low level button to start. Make sure no other load is connected to

the LT DUT output.

tone through the selected channel
output and the user is prompted to
enter the measured voltage. The
system then plays a second tone Calibration Screen for 8 channel System
that should be near 1.0Vrms and

a second measurement value is requested for fine tuning. At this point, LifeTest will
continue the routine for the selected channel by playing a multi-tone signal used for
system equalization. Finally, a last tone is played to measure the current through the test
load as represented by the input to the audio device from the LT box CMON output. The
entire process should take less than one minute per channel. They system will not allow
a channel to be used for testing if the calibration process has not been completed.

If temperature or humidity testing will be used, then open the Temp/Humidity setup
screen shown below.

10



7r LifeTest Operating Manual

LifeTest Temperature/Humidity Sensar 0

| Exit

Sensor Name

[ Channel 1 355 HeatsineT | [cal)
] chamnel 2 Back Piate 1 [eal]
[¥] channel 3 gack pate 2 [car]
[¥] channel 4 Enclosure Temp cal
[] Channel 5 Chamber 1 Temp @
[¥] channel & Chamber 2 Temp @
[] Chamnel 7 chamber 1 Humidi [ Cal |
[¥] channel 8 Chamber 2 Humidi Cal
Temperature Units ) Farenheit Sensor Reading Interval
@ Celsius 05 > mins.

The number of channels available (enabled) is equal to the number of LifeTest channels
activated. A channel must be calibrated before it can be used. First, click on the Cal
button and then follow the instructions. Channels 7 and 8 (and 15/16 T 23/24 when more
than one LT box is used) can be configured for temperature or humidity. When
calibrating these channels, the system will ask what type of sensor you are using. Enter
(H) for Humidity or (T) for temperature.

For temperature calibration, hook up the probe to the appropriate jack in the back of the
LT box. Let the sensor acclimate to its surrounds for at least 15 minutes. The
environment should be fairly stable with constant temperature or humidity. An accurate
thermometer or hygrometer is needed for calibrating temperature or humidity
respectively. For temperature calibration, enter the value of the reference sensor when
prompted. For humidity calibration, the reference value is needed along with the slope
and offset numbers provided by the IC manufacture (provided by True Technologies.)

Once the device is calibrated, give it a name that is easy to identify with. The box must
also be checked if the sensor is to be monitored during the current test. Otherwise, it will
not be available when setting up a test block.

Any time a device is moved to a different channel, it must be re-calibrated. The
temperature probes are interchangeable within 5% so a 10% error is possible if the
channel calibration factor is not updated after moving the probe.

2.7  General Setup. The figure below shows the General Setup screen that is also
selected from the Main Screen Setup Menu.

11
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The system can be given a name
and the location can be noted in
order to differentiate if from

Other Systems ThlS can be System Name True Technologies LT S.ta.t.icln 1
useful when using the remote e | e

monitoring or emaﬂ reporting Return address  lifstest01@gmail.com
fuctions (see section 4.) For smip server  smip.gmail.com

email reporting, the return email ErableSSL  password e
address and SMTP server must
be entered along with the
account password.

D Enable Trouble Shooting File Save

12
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3.0 Signal Generation and Management

After the I/O setup and Calibration is complete, the system is ready to be used, but before

setting up a test block can be done test signals must be available to choose from in the

MPTest Signals\0O s ubdi r ect or y .uiremehthfea theeWindowsewaafile§ e w r e q
to allow them to be used as a test signal:

3.1 Rules for Test Signal Wave Files

1 Must be 44.1kHz sample rate

I Must be mono/16 bits

9 If the number of samples in the file are notof length 2" where n is an integer, then
adjacent stereo paired channels (e.g., 1&2, 3&4, etc.) must be in the same block
(in other words, use the same signal.) The software will enforce this rule. It is
best to use files that follow this scheme to maintain maximum flexibility. For
steady state signals (like tones), n can be small so the file is short. For example,
with n = 12 the file will be 4096 samples long (or 0.09 seconds at 44.1kHz.) For
random signals like pink noise, it is recommended to use a file long enough so
that the statistics of the signal reflect the long term expectation (proper spectral
content and crest factor.) However, do not make the signals so long that they are
difficult to manage. Very long files will slow down the processing needed to
prepare the signals for test. Choosing n = 19 usually works well and results in an
11.9 second signal that has good statistics.

1 The spectral content of the signal should not contain significant energy outside the
bandwidth of the system. The software calculates the rms content in the .wav file
and uses the calibration factor to adjust the signal level output to the DUT. This
is a convenient and accurate way to set levels as long as the signal chain (audio
playback device or amplifier) has adequately wide bandwidth. For example, a
.wav file with true pink noise has energy content down to DC. Obviously, some
of the energy will not make it through an amplifier with a -3dB frequency of 10
Hz and the resulting rms output voltage can be a bit low (typically 1-3%.) To
avoid this situation, pre-filter the signal so it has a roll off characteristic similar to
that of the amplifier. When used the voltage correction feature will account for
the roll off to make the rms voltage right, but the spectral characteristic of the
signal will no longer be as intended (as with any power test system that has amps
with inadequate bandwidth.)

9 When using tones or multi-tones, the frequencies should be chosen so that an
integral number of cycles are included (i.e, on the bin frequencies in the 2" FFT
that has frequency spacing of 44,100/2".) This will ensure the end and beginning
of the file match in sample value and wave slope and when the file is looped there
will be no pops/clicks due to a mismatch. The Signal Generator function
described in the appendix ensures this will be the case.

13
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As long as the .wav files follow these rules they can come from any source. The can be
digitally generated with any .wav editing/creation algorithm or they can be recorded from
signal generators. The files only need be placed in the aforementioned subdirectory and
they will be available for selection when setting up a test.

The LifeTest application software comes with a Signal Generator Module (SGM) to help
create typical power test signals. Most signals required for industry standard tests can be
created using this tool. See Appendix A for the tips on how to use the SGM.

14
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4.0 Preparing A Test Block

To prepare a block of DUTs for testing, click on the Define Test Blocks button on the

main screen. The window shown below will open. In this example, 3 different blocks
have been setup. When you choose a previously setup block from the drop down, the

channels selected will be highlighted and the setup parameters will be updated.

I LiteTest - Block Setup =)

Exit

[ mew || Fai

Remove save B

Block Hame | Demo With S5Ps -

Select DUT Channels for testing

Channel 1 Sub X11-B4 Channel 9 Channel 17

Channel 2 Sub X1 Channel 10 Channel 18
ERARNeISN | o AEw Ccar Spkr Channel 11 Channel 18
Channel 4 Sub X¥11-B3 Channel 12 Channel 20
Channel 5 SN 123 Channel 13 Channel 21
Channel & N 1232 Channel 14 Channel 22
Channel 7 M 1233 Channel 15 Channel 23

Channel 8 N 123 Channel 18 Channel 24

Wave Length: 11.88¢ secs. CrestFactor: |© |7 dB

Rec. Length: 0.74 secs

Power | Timina | Current Limits | Voltaoe Mon | Data Reduction | 55P Mon. | Temo Men. | Proiect Info | Reoortina |
Power

Power Ramp

T Final Power

Power Ramp P

Initial Power 75.00
Power Units - Step Every

Tone Burst

Tone Burst Peak Voltage |0

Block Setup Screen.

To add a block for testing, click the New button and provide a name as prompted. If a
previously setup test parameters are to be used, then click the Load Setup button and use

15
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the file manager to browse to the setup file. When opened, the setup parameters are
automatically filled in except for the channels to be used.

Click on the boxes indicating what channels will be included in the test. All channels in
the block will be tested with the same parameters T test duration, power level, test signal,
etc. To change a block, click the Edit button. However, after a test is started, the block
setup cannot be changed. This ensures the data generated will be only the result of the
settings of the given block and not some previous iteration. (Comments can be changed
after testing has begun. This allows the user to make notes of observations made during
the test.)

4.1 Channel Setup. The number of channels available (enabled for selection) depends on
the number activated with the security dongle according to the purchase agreement. In
the example above, eight channels are activated. LifeTest can be activated as an 8, 16, or
24 channel system.

Adjacent channels 1&2, 3&4, etc. are stereo pairs in the audio interface. Any channel
used with tone burst testing can only have the same tone burst signal in the adjacent
stereo paired channel. The software will police this requirement and not allow a setup

t hat d o eQtherdvike, thar@are ko.restrictions dictating what channels can be
used in a block. All channels can be assigned to a single block, or every channel can be
its own block with completely different settings.

Each channel can be given an ~ [Fimenr e =i

ID (e.g. serial number) and a | bt
grid for more detailed notes is (Ch#  DUTID Comment 2
presented When the | 1 | Sub ¥11-B1 | Sample # 32-5W1. Bdra _glue on the leads
. . 12 Sub X11-B2 Sample # 33-5W1. Mo extra glue on the leads |

Comments button 18 Cthed' N : 3 [ 8" OEM (iar Sphr :.No signs of trouble after 75 hoursi
This grid is available from the [4 [Sub 1182 |Sample #34SW1. No exta glue on the leads =
Main Screen as Well and notes | b SN 1231 :Monthh' testing - noted darkening voice coil after 45 I.wours

. |6 SN 1232 | Monthly testing
can be edlted to record 7 [ SN 1233 | Monthly testing - slight lead fray nearterrninéls noted after 'I-? hours
observations throughout the B |sni1234 | Morthy testing -

test. The comments can be
sorted by clicking on a
column header.

4.2 Basic Block Info. After setting the channels, next choose the test signal wave file

from the drop down box. If you are doing tone burst testing, the signal name must begin

with TB (the SGM takes care of this automatically with its save routine.) Wave files in

t h®T@st Signalso directory wi lOfrwavefilavai | abl e
requirements and information on creating them. When the wave is selected, the

wavelength in seconds is displayed as is the crest factor.

16
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Next select a recording time from the drop down Rec. Length. This is the time sample
used to calculate the rms current for each channel. The choices range from very short
(0.09secs) to fairly long (1.49secs.) If the recording length is set equal to the wave
length, the measurement will be very smooth. If the recording length is shorter, there will
probably be some choppiness noted due to different snapshots of energy captured with
each measurement. For very long waves, the longest measurement at 1.49 seconds will
only capture a fraction of the wave. However, for signals with constant statistics the data
will normally still be fairly smooth. A shorter time window might be desirable for better
responsiveness in the data.

The parameters of the test are set with the tabbed box near the bottom of the window.

The buttons to the left of the box allow for selecting entry units for time (seconds,
minutes, hours) and signal level (Watts, Volts.)

4.3 Power Settings Tab. Set the power requirements on the first tab as shown below.

Power |

Power
Power Ramp
— ; 0.00 Watts
Nom.imp. | |05 | Ohms ShETowe
Power Ramp Homies St | 0 W
Initial Powver T5.00 | Watls Step Every [ mins.
Tone Burst
Tone Burst Peak Voltage |0 \peak

The nominal impedance is required so the system can check the limits on current and
minimum load (as setup on the I/O Setup screen in section 2.) If the power is entered in
Watts, the nominal impedance is used to calculate the output voltage setting.

17
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If the nominal impedance value is not known, T ZMinsetup lF L e |
e =
I

click on the Nom. Imp. Button and the screen
to the right will pop up. The channels selected
for testing in this block with be available for
selection from the drop down box. Enter the Search Range
minimum and maximum frequencies to define -
the search range. LifeTest will measure the Min 200 Hz Max 800 | Hz
impedance throughout this range using a
binary search algorithm to find the minimum
impedance. When the algorithm is complete,
click the Transfer Value button to have the
Zmin value automatically transferred to the | Abort | | Transfer Values |
Power Screen.

Channel Ta Grab ZMin From 3. -

The initial power and nominal impedance values are the only ones required. Ifit is
desired to use the power ramp feature, additional information is needed. Check the
Power Ramp box and enter the Final Power level, Power Step, and the Step Every values.
Click on the button aside the Power Step text box to select the units for each step (vrms,
dBV, Watts, dBW.) See the next section for an example of using the Power Ramp
feature together with Duty Cycling.

When a Tone Burst signal is selected (as denoted by a TB prefix), the only required
Power setting is the burst peak voltage. The Power Ramp feature can be used with tone

bursts as well but the levels are set in peak voltage instead of power..

4.4. Timing Settings Tab. The timing tab is shown below.

Power || 1IMing | Current Limits | Woltaoe Men | Data Reduction | SSP Mon. | Temo Men. | Proiect Info | Reoorting |
Test Timing Setup

Test Duration  100.000 mins.
Duty Cycling

Time On 0 mins.

|:| Duty

Time Off mins.

Timing Tab in Block Setup.

The Test Duration is required. The system can be set to Duty Cycle on and off by
checking the box and entering the on and off times. This is useful for testing effects of
stresses on a DUT from heating/cooling cycles or to allow the DUT to recover before
repeating a test or increasing the power level. This feature can be combined with the
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Power Ramp. Simply set the Power Ramp timing to be On+Off time and with each new
On cycle the power will step up (or n*(On+Off) ramps up every nth cycle.) Combining
the Duty Cycling and Power Ramp features is an effective way to determine the power
rating of a device. Below is an example of a 4 Ohm woofer being testing with 2 hour
on/off cycles with power increasing in SOW steps from 10W to 400W.

" LifeTest (Demo Made] - Main. {dle) [ S|

File Help Setup  Status Panel

[Amps]
200

LifeTest Control

i X Axis Scale

Range Max

10 10
240

|| Track Lead Edge
210
8.0 Block Selector
Sub X11 -

15.0

Highlight Channel #
Show All

20
Define Test Blocks
ano
a 20 an 40 50 G0 70

T

4

oo 1

Measurement | Status |

4.5 Current Limits Tab. Next set the Current Limits if desired with the tab shown below

Current Monitor
Upper Current Limit

0 Amps
|:| Adijust High Limit After 0 mins.

[ ] Enable Current Monitor Current
to % over peak

Lowrer Current Limit

0 Amps

Current Limits Tab in Block Setup.
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By checking the Enable Current Monitor box, the system will check each current reading
against the entered limits and shut the system down if it is outside the limits (actually, a
second reading is taken immediately upon failure to verify the reading was valid.) If the
current measurement exceeds the upper limit, a failure mode of short circuit will be
noted. If it drops below the lower limit, the failure is reported as an open circuit.

In some cases it is not immediately obvious what the limits should be set to. The rms
current measurement will be some value based on the integrated impedance response and
voltage spectrum and will always be lower than the value calculated from the minimum
impedance. If the Adjust High Limit After box is checked, the system will automatically
set the upper limit based on the entered percentage over the peak found in the first t
minutes where t is taken from the box provided (30 minutes in this example.) For steady
state signals the % Over Peak value can be small (e.g., 10%), but for signals like high
dynamic range music the value should be high to prevent false limit trips (40% usually
works well.) The value also depends on the length of the initial time and the length of the
record length window. The Lower Current Limit might need to be set to zero if a signal
has quiet passages where very little current is flowing. If the Power Ramp feature is
turned on, the Upper Current Limit (assuming the initial wait period has passed) will
automatically be increased proportionally to the power increase.

4.6 Voltage Monitor Tab. The next tab is the Voltage Mon. Tab as shown here.

Power | Timina | Current Limits iﬁﬁﬁﬁﬁ'ﬁ'é'ﬁﬁﬁ"? Data Reduction | SSP KMon. | Temo KMon. | Proiect Info | Reportinag

Voltmeter Time Constant 1 -~ SECS. | Save Voltage Data

Enable Voltage Correction
Maximum Voltage Correction | 1° g

Shut Down Channel If Maximum Correction Exceeded

The DUT Status monitor will show the voltage being monitored. The voltage is
measured at LifeTest back panel unless the 4-Wire option is employed. In that case, the
voltage is monitored at the DUT via a second set of voltage sense wires (see the
Hardware Setup in section 2.2) The voltmeter time constant is set to determine the
amount of smoothing in the readings. If the Save Voltage Data box is selected, the
voltage data is saved and can be later recalled along with the measured current. This
record can serve to validate the conditions of the test.

The Enable Voltage Correction box can be checked if the amplifiers being used have
voltage outputs that vary with load impedance. LifeTest will modify the amplifier input
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level (audio device output level) to bring the measured voltage to within 2% or better of
the expected value. A correction up to 15% is allowed (more than this probably means
there is a problem with the amp.) The user can choose to shut down the channel if the
required correction exceeds the Maximum Voltage Correction. The Voltage Correction
feature should not be used to compensate for amplifiers that are being over driven
(exceeding current or voltage output capability.) Doing so will modify the signal
characteristics (crest factor and spectrum/distortion) and may very well result in damage
to the amplifier.

4.7 Data Reduction Tab. The next tab is the Data Reduction tab as shown here.

Power | Timina | Current Limits | Voltase Mon | Data Reduction | SSP Mon. | Temo Mon. | Proiect Info | Recorting
Data Smoothing/Reduction Setup

/| Enable Data Reduction Time: 1 mins.

Mote: Data reduction applies onby to current measurements (SSP measurements not reduced. )

Reduce Data Window to Do Not Reduce
Peak Value First 10 mins.
@ Rms Value Last 10| mins.

Figure 9. Data Reduction Tab in Block Setup.

When long tests with many channels are run, the amount of data collected can be
enor mous. Generating one data point every
time can result in files that are hundreds of megabytes in size. They can be slow to work
with. A good solution is the reduce the data on a scheduled basis. By checking the
Enable Data Reduction box, the system will take either the Peak or Rms value calculated
over the set time window and replace all the data in the window with a single point with
it. Ifit is desired to not reduce the initial data (perhaps to see most dominant heating or
suspension break-in effects), then enter a value in the box provided. Similarly, the last
data points can be preserved. The latter feature is useful when a failure is noted. The
data leading up to the failure is not wiped out with averaging or using the peak. For a
week long test, values of 1 hour are typical for all 3 windows. This will reduce the
dataset down to as little as 0.1%. Note: the Data Reduction feature cannot be used
simultaneously with the Duty Cycling or Power Ramping features. Averaging data over
on/off regions or different power levels would make for a confusing data set. Below is an
example of two channels that have been data reduced to the rms average every 2 minutes
with first and last10 minutes of the test preserved.
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| T LifeTest - Main

File Help Setup  Status Panel

I[Amps]
30

Zo

24

|

1.8

LifeTest Control

X Axis Scale
Range Max
80 60

["] Track Lead Edge

Block Selector

4

1 O

oo 60 120 120

240

minutes

Highlight Channel #
Ehow Al

4

Define Test Blocks.

Comments

Stop LifeTest

300 360 420 480 540 B0.C

Measurement Sfﬂfﬂsi

4.8 SSP Monitor Tab. The next tab is used to setup the SSP (Small Signal Parameter)
Monitor as shown in below

| Power | Timina | Current Limits | Voltaoe Mon | Data Reduction | SSP Mon. | Temo Mon. | Proiect Info | Reoorting |

SSP Monitor Setup
[/] Enable S5P Mon

Measure Every

Test Signal Setup

Flow 20

Hz

@ Full Model
mins. ("1 Re, fs, ZL, Zmin, Zmax only
F High 5000 Hz Voltage 2 Vrms

Oopen S5FP Monitor

The system is capable of taking SSPs for a DUT on a scheduled time table. The SSP
measurement works by playing a short (0.37secs) using a pink weighted 1/3rd octave
spaced multitone signal over the frequency range set with F Low/F High and with the
voltage specified. The system immediately returns to the block test signal so there is
minimal interruption of the test. The SSP Monitor screen is opened when the button on
this tab is clicked. See Appendix B. for more detail on how the SSP measurement works.
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If a DUT is being tested that does not have a typical transducer impedance response
(single motional back emf peak, inductive rise), the Fs, Re, ZL, Zmin, Zmax only option
should be used. The DC resistance of a compression driver with extra peaks due to the
throat or horn exit can be measured with this option. Loads without resonant peaks can
be monitored this way as well.

The SSP algorithm uses a computationally intensive complex curve fitting algorithm and
will slow down the system while it is active (maybe 1 second per channel per
measurement.) He nc e, i t @osdidpartomds wdxdo ghorta measurement
cycle. This is especially true if many channels are being measured. A fast processor
(2gHz+/Dual Core or better) is recommended.

When a test is started, a baseline measurement is taken before the higher power test
signal is applied. A typically usage would be to take an SSP measurement every 15
minutes over a 24 hour test. This gives a good record of how the device is changing
(suspension breaking in/device heating up) and interrupts the power test in a very
minimal sense. For product development purposes a shorter time interval may be desired
to watch how the product changes over the beginning of the test cycle,

4.9 Temperature Monitor Tab. Any sensor activated in the sensor calibration screen
(see section 2.6) can be tracked along with any DUT current monitoring channel. The
sensor data is continually collected according to the interval set during calibration.

Copies of the sensor readings can be stored alongside the current readings so the two
datasets are always aligned in time. Select a sensor to track along with a DUT by
clicking the grid where the DUT Channel (along the top) and the sensor of interest and an
X will indicate the connection. Click the box again to remove the X. In this example, the
data from the 4 selected sensors will be tracked with channel 1 using the same timing.

taoe Mon | Data Reduction | SSP Mon. | Temp Mon. | proiect info | Reportina |

| Power [ Timina | Current Limits [ v
Click on the cell in the grid to tie sensor data to DUT data
1 2 3 4

on
(= 7]
=
(=]

L3

35821 Heat Sink T

m

Back Plate 1
Back Plate 2

¢ Enclosure Temp

Chamber 1 Temp X

The graphic below shows two of the sensors selected for plotting alongside the current
for a power amplifier being tested. In this case, the sensor reading interval is set to 0.5
minutes. One sensor tracks the heat sink temperature and another tracks the temperature
inside the amplifier enclosure. The duty cycle feature is used to turn the power off after 1

e
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hour and the temperature continues to track for a second hour. The other sensors tied to
this channel can be selected for viewing as well and the data for all is saved with the
current record.

" LifeTest - Main

File Help Setup  5tatus Panel

I[Amps] Deg C7)
50 2000 LifeTest Control

X s Scale
Range Max

120 120
40| oW ite 7.2 Ohams 13t Hour Power Off 2nd Hour ERE

4.5 1200

|| Track Lead Edge
35 | 1400

20 Block Selector
Heat Sink Tamparaturs -

Y
LY Al

25

%

+

.

%

"s Highlight Channel #

2 DUT rest

Define Test Blocks
Run LifeTest

Measurament | Status |
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4.9 Project Info Tab. The graphic below shows the Project Info tab. The data entered
here stays with the test results.

| Power | Timina | Current Limits | Woltase Mon | Data Reduction | SSP Mon. | Temno Mon. | Project Info
Project Info

Part Number PHEE-1010B Start Date  |6/2/2009

Engineer Engineer 1
Customer Name Mr. Customer
Specification 121.1.2-R2
Project New Powered Subwoofer

Project Info Tab in Block Setup.

4.10 Reporting Tab. The Reporting setup tab is shown below.

[ Power | Timina | Current Limits | Voltaoe Mon | Data Reduction | SSP Mon. | Temo Mon. | Proiect info | Reporting |

Email Setup
[ Add Email Address ] EmailRemote Adress

. 4 rtrue@true-technologies.com
Report Every 3 mins.

CALifeTest\Remotelon
| Email on Failure

*
Remote Address Setup
[ Add Remote Address
; 1| 1] [ b
Update Every A mins.

Reporting Tab in Block Setup.

The system can email reports showing DUT statics on a periodic basis. To enable this
feature, add email addresses of the recipients to the grid by clicking the Add Email
Address button and then enter the time interval to send reports. The email information
must be setup in the General Setup option from the Main Screen Setup menu. See
General Setup in section 2.7 for more details. Below is an example of a typical report
sent out by LifeTest.
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This is a LifeTest Report from LT Station 1 BT Lab
5/7/2009 9:43:22 AM

Part Number: X21-3.1

Project: New Powered Subwoofer
Custo mer: N/A

Specification: SW 125W
Engineer:  Mr. Mann

Test Signal: RS426B.wav

Test Duration: 2.0 hrs.

Power Profile: 1.0W (2.00Vrms)

Channel Status

1) Time Left:115.7 mins Power: 125w
5) Time Left:115.7 mins Power: 125W
6) Time Left:115.7 mins Power:12 5w

8) Time Left:115.7 mins Power:125W

It works well to setup a separate email account that all power test results are sent to. A
readily accessible history is maintained that can be searched by engineer, customer, part
number, etc. by using the email database search tools.

LifeTest also comes with a Remote Monitoring Tool that can be used to monitor the
channel status in near-real time. Enter the directory to write results to by clicking the
Add Remote Address button and set the time interval for writing the file. Make sure the
system has write access and the monitoring party has read access to the directory. With a
VPN connection and the LifeTest Monitor, up to the minute test status for products
testing on the opposite side of the world is possible. See Appendix C. for more info on
the LifeTest Remote Monitor.

5.0 Running A Test

Once the block is setup and saved, go back to the Main Screen and click Run Power Test
to start the measurement. The selected data (discussed below) will begin to plot across
the screen with time. The screen below shows the data for a single channel with the
current plotted against the left axis and two of the available SSPs (fs and Re) plotted
against the different scales on the right axis.

When multiple channels and multiple blocks are running simultaneously, the data tends
to pile up and can be confusing to sort through. A single block can be viewed by
selecting it in the Block Selector drop down box. To further filter to a single channel,
choose the channel #/DUT name in the Highlight Channel # drop down.
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The X Axis Scale can be set in one of two ways. First, the Max value and Range can be
entered into the boxes provided. As shown, the system will plot the 11 minutes of data
ending at 10 minutes. If the Track Lead Edge box is checked, the Max value will
automatically update as the leading curve in the highlighted block (or all blocks if ALL is
selected) crawls past the right edge of the graph. The range is maintained and the plot
shifts halfway back so the data starts crawling again from the middle of the graph.

T uerea- vain . =
| File Help Setup  Status Panel
[Amps] f& Re
30 50.0 250 LifeTest Control
X Axis Scale
2iF 470 22E
Range Max
80 60
2.4 440 200
|| Track Lead Edge
2.1 41.0 475
18 38.0 15.0 Block Selector
All -
15f 360  1Z5
& E ot
12 T*Posogs0atoscone + 320 100
A L AL P P T sv Highlight Channel #
T 00 78 Show All -
Jodene catetntoteata el 0t 0t vttt s00, 0% 00070,
060 26.0 a0
0.30 z3.0 25
Define Test Blocks
00 20.0 {ujls}
{ifls} &0 120 18.0 240 30.0 36.0 42.0 4a.0 540 80.C
Run LifeTest
minutes I

Measurement | Status |

A single channel being tested with current, s, and dc resistance plotted
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By selecting the Graph Setup from [T LifeTest Graph Setup - Main Form (= e |
the Setup menu on the main screen Horizontal Axis

this screen will pop up. It can also be - -

brought up by just clicking on the ‘ P
graph. The horizontal axis can be esee

also set by entering limits or by Left Vertical Axis

clicking zoom full so the time limits Min [0 ] Max o current
(0 to t max) for the block currently 7 vishie Votage
selected will be filled in. The scroll Right Vertical Axis 1

bar allows the user to move laterally Mn[0 | Max NoSSPiSensordata v
through time while inspecting chunks 7] Visible

of the data. As mentioned previously, Right Vertical Auis 2

the left vertical axis is always used wn[0 | wax No SSPISensor data v
for plotting the measured current or 7) visivle

voltage values. The values for the —_— —

Right Vertical Axisl and Right
Vertical Axis 2

are selected from the drop down boxes provided that contains a list of the measured SSPs if
the SSP Monitor is enabled. Any vertical axis can also be zoomed to full where the peak
value is searched out from the plotted curves and the scale is set to the peak plus 10%.

When monitoring temperature or humidity, the desired sensor values can also be selected in
the drop down boxes for plotting against either Right Vertical Axis. Temperature units can
be toggled between Fahrenheit and Celsius by clicking the button. The SSP monitor can
also be opened from this screen.

Back to the main screen, the horizontal axis label is a button that can be clicked to toggle
between minutes and hours. Notes on DUTs, test observations, etc., can also be readily
viewed and edited by clicking on the comments button T see section 4.1 for more details.
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6.0 Monitoring Tests In Progress

Click on the Status (T LifeTestStatus
Monitor menu option from Always On Top
the Main Screen menuto || | mela 2 [ 5 [ =s [ =

see this screen. Every olle e LE e e e s e

active channel will be

Rem. Time [hrs.] | 3.822 3822 0772 | 3822 (51322 51322

_ Vottage [Vrms] | 0.00 000 | 2141 | 000 |2829 |2829 | 2828 | 2833
summarized with pertment [ [4mps] _' 0.00 0.00 352 _' 000 | 3z 350 355 354

information. The buttons | Upper Limit [Amps] | 000 | o.00 '3u.uu_ [oo0 | oo | oo 0.00 | 0.00

| Lower Limit [Amps] | 0.00 ooo | ooo [ooo [ooo [ o000 [ ooo | coo

across the bottom row o (o] (o (R (o ) ) (] ()

show the color coded
status.

Green indicates the DUT is OK and running, or that the test finished successfully.

Yellow indicates the test was paused manually or that it is currently in the Duty Off phase
in a duty cycling test. Red indicates the channel was shut down and the button text will
give a status code.

Clicking on a status button will pull up a
’*’r Channel Tnfo | |md§hﬁ_ _% Channel Info screen as shown here. The

channel # is indicated along with additional
Channel# 1 Sub X11-B1 setup information and the current status. If
the channel has been shut down, an
opportunity to reset the channel either by
Test Signal RS426B CFAB(dB)S.17. wav starting from time t=0 or from the last
recorded measurement time (just when it
was shut down.) The former option is
Status:  OK/In Prog. typically used when a DUT has been
inspected and confirmed to fail and a
replacement DUT is added to the block.
lipper=|0.00 s o However, when this option is selected, all
the previous data taken is lost permanently.
The Reset to last measurement time option
is used if the DUT is inspected and no
problem is found. In this case, the system
keeps track of the timing relative to the
other devices in the block. For example, if
an hour was lost due to shut down, the
other DUTs in the block will finish
according to the test duration and the
restarted device will finish one hour later.
If it appears that the shut down was caused

Block: Sub X11

Remaining Time:  316300.0 mins

Current Limitz

Lower 0.00 Amps

by one of the current limits being too tight, the limits can be updated on this screen. Type
in the new values in the boxes provided and hit update. This is the only parameter that
can be changed after a test block has been started.

e
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Temperature and humidity sensor readings T LifeTest Sensor Moni.., e e
. . . s ST
can also be monitored by opening this 1

window from the Status Menu option.
Only sensors activated on the calibration

Update Temp Units (deg C)

screen (see section 2.6) will be shown. Sensor Reading
Temperature units can be toggled between 3821 Heat Sk T | 120.1DegC
Celsius and Fahrenheit by clicking on the Back Plate 1 154 Deg C
menu option. Back Plte? | 292DegC
Enclosure Temp . Z7i10egC
Chamber1Temp | 505DegC
Chumbies D o | BBl
Chamber 1 Humidi | 550 %RH
Chamber 2 Humidi |  85.0%RH

7.0 Exporting and Archiving Data

When a test block is completed or for some other reason is no longer needed, open the
Block Setup by clicking Define Test Blocks button. Select the block and click the
Remove button. The software will ask if the data should be archived. Doing so allows
for future recall of the block. If the data is not archived, it will be lost forever. From the
Main Screen File menu option the View Archived Data option is used to retrieve the
archived block. This can only be done while no test is running. Data collected for
current test blocks is saved and the archived data is presented. When archived data is
loaded into memory, the Main Screen File menu will have a Restore Current Block
option. This clears the archived data and restores the current block(s) and testing can
resume.

The data can also be exported. Select the block you want to export from the Block
Selector drop down on the Main Screen. Click the File\Export Block menu option and
the screen below is presented. All channels in the block and any SSPs or Sensor data can
be selected by checking the boxes. Click the Export Now button and provide a file name
to export to. The data is saved in a .csv (comma separated values) file that can be opened
in Excel or any text editor.
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T Exort siock Dot S| = e
Block To Export: Sub X11 | BpothNow |
Cumrert Measurements S55F Measurements Sensor Readings
V| Sub X11-B1 V| fs [¥] 3821 Heat Sink T
/| Sub X11-B2 V| Re V| Back Plate 1
7] Sub X11-83 V] ZWin [] Back Plate 2

[} Zmax [7] Endlosure Temp
a. [f] Chamber 1 Temp
@ = [ ] Chamber 2 Temp
|/} Cits

] Gme [ ] Chamber 1 Humidi
7] Qes [ | Chamber 2 Humidi
[T te

T Leb

] Ke

] rew

M=
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8.0 When AC Power Goes Out

If the host PC is setup to automatically reboot and start the LifeTest software, the system
will pick up where it left off if the power went out during a test. The timing of the test is
maintained. If the email reporting feature is activated (see section 4.10), a message is
emailed indicating the time the power went out and that the system has restarted itself.
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9.0 Running in Viewer/Demo Mode

If the software is started without a LifeTest box installed or if the box has not been
activated, it will run in Viewer/Demo mode. LifeTest will work like it normally does
except the I/O functions are not enabled and data is fabricated to simulate running a test.
If a second instance of the software is started while the system is running a test, it will
also run in Viewer/Demo mode. This allows for the viewing and exporting of archived
data without the need to interrupt the test in progress.

10.0 Troubleshooting

In the event of trouble with the system, check these things first:

1 Make sure all signal cables from the LT box to the audio interface are connected,
even if you are only measuring less than the full number of channels. The
current/voltage inputs are shared among channels and are not in a 1-1
arrangement

9 If communications to the LT box is lost (or if you have strange behavior and
youQre not sure what is wrong), exit the software and unplug the USB cable from
the LT box. Wait a few seconds, plug in the USB cable and restart the software.
The license info box should indicate the presence of the LT box and how many
channels are available. Communications can be lost when the hardware setup is
changed, including when cables are connected/disconnected. Hardware changes
should only be made when the power to all devices is off.

9 If channels 5-8 do not appear to be measuring correctly, check the previous note
on lost communications. It may be that the relays in the LT box are not
opening/closing and the signals are not being routed properly.

9 If the current measurement does not seem to be correct, consider the impedance
response of the DUT. A coil with a DC resistance of 4 Ohms may measure with a
much higher impedance/lower current due to back emf near a loudspeaker®
resonance, rising inductance, etc.
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Appendix A. Using the Signal Generator Module (SGM).

The Signal Generator Module can be used to create a wide variety of test signals. To
start the Signal Maker, select the option from the Main Screen Setup Menu. Click Help
from the newly opened screen for information on the module.

Appendix B. Using the SSP Measurement Feature.

The SSP algorithm uses a multitone signal with tones space at 1/3™ octave intervals
between the start and stop frequencies set on the SSP Mon. tab in the Block Setup screen.
The measured current values at each tone frequency are extracted from the recording and
then equalized for the system response and signal spectrum. A complex curve fitting
algorithm is applied to extract the parameters of the model developed by Knud Thorborg
and Andy Unruh as discussed in a paper in the JAES'. Each of the parameters is
selectable for viewing from the Graph Setup screen for either of the two right vertical
axes.

The signal uses a pink weighting so there is more energy at lower frequencies where a
resonance impedance peak is likely to be. At these frequencies the actual current flow is
quite small so a higher relative voltage in the region helps with signal-to-noise ratios to
get cleaner measurements.

The multitone signal is used because all frequencies can be played simultaneously and
the interruption to the power test is shorter than it would be if a full sine sweep was
made. The multitone only requires 0.37 seconds to play and the power test signal is
resumed before the calculations to fit the model begin. The energy in the multitone
signal is also concentrated at all frequencies used for the duration of the test so the signal-
to-noise ratio is better than a fast sweep or other signal types (e.g. MLS.)

The LifeTest system is optimized for a current dynamic range to accept peak levels of
120 amps (30 amps continuous with a 12dB crest factor.) As such, measuring in the
milliamp range is very difficult to do, especially in a very short time period. The
situation is even more challenging when the measurement is done while several other
transducers being tested in the general vicinity are generating huge levels of sound
pressure (the transducer diaphragm is acting like a microphone and the back emf
generated by external sound waves can show up in the impedance response.) As such, it
is recommended that a voltage level be used for the SSP multitone signal that allows at
least 50 milliamps to flow. This is quite a bit more than the few milliamps typically used
with traditional SSP measurements and as such the measured values may be somewhat
different than those measured in a typical lab setup. However, the measurements are still
meaningful and consistent enough to draw good conclusions about the DUT changes that
occur during testing. Care should also be taken to not use too high a voltage so that the
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transducer is driven into significant non-linearity causing the current measurements to be
significantly distorted to the point it affects the accuracy and repeatability of the resulting
data. For an 8 Ohm transducer, a 2 volt setting usually works well, but some
experimentation will likely be needed to get good results.

Below is a plot of the measured current at the multitone frequencies (after system and
signal compensation.) The model usually fits the data pretty well. One of the useful
aspects of this model is the estimation of the DC resistance, Re. The change in Re from
the baseline measurement can be used along with knowledge of the ambient temperature
to get a good estimation of the voice coil temperature. It is recommended that the test be
allowed to run long enough to let the Re value stabilize about some final value and then
take the average of several of the final readings to use in the temperature calculation.
The values of the parameters (at least those not so small that they are buried in the noise)
can vary by 5% or more depending on the nonlinear behavior of the driver, the acoustic
surroundings, etc. Even with lab equipment, some key SSPs can vary by this much in
gage R&R studies.

T RITTTEEEEEEEET  EEER -
Windows  Exit
T LifeTest SSP Monitor [olfE )@ | T ufeTes =i icl
| Tme  fs Re s 4 bt
4] Time oo EXEEEEED imp [Dhms]
] fs 1.02 350 665 185 04
V| Re. 203 U5 6.84 180
] 2Min 07 (41 [z [w __ i
| Zmax 408 |41 (695|182 1
! | | 00
[ 51 |38 |z |81
V] res 612 (333 (702|181 350
s 713 |B6 |71 WS
=l ams 815  |1& |707 190 00
) Gee R . 2
E w02 [Be |11 190
~ L N2 (B2 (742 |87 200
2 3
. 122 |®1 (714|188 -
B2 |B1 748 |18 i
| reu | |
e 143 |23 118 |18 " \
153 |29 749 184
[ A J[hone] Ji63 |29 [7211 |wa 50
73 |27 |18 w2
A 183 |27 |73 |85 g2
“9';’ Loiioiore) o 2 T 10 20 &0 100 200 1 sk 10k
[ 04 |25 [728 |m3 Frequency [Ha]
Measwe | | |
- 74 |27 |757 |28 a -
e N View/Measurs Channel £ - [ Measue |
224 27 73 184 - BN
Stetus

The left window shows the SSPs that are selected from the check boxes. Each row
contains a time stamped (minutes from the beginning of the test) set of parameters. The
channel to be viewed must first be selected in either window (the other window will
update to be the same.) When a test is not running, the Measure button will take a
measurement and the results are shown. This can be useful when setting up the
measurement before running a test. The setup parameters are set from the Block Setup
SSP Monitor tab. The Block must be saved before the test can be run from this screen.
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1) Electrical Equivalent Circuit Model for Dynamic Moving -Coil Transducers Incorporati ng a Semi -Inductor .
Thorborg, Knud; Unruh, Andrew D. JAES Volume 56 Issue 9 pp. 696 -709; September 2008
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Appendix C. Using the Remote Monitor Feature.

To use the LifeTest Remote Monitor, install the software application on the PC where
you want to monitor the test progress by running setup.exe in the Remote Monitor
directory of the LifeTest installation package. The Remote Monitor software may be
freely distributed to anyone needing to monitor the status of a purchased LifeTest system.
Start the monitor using the shortcut on the desktop or in the startup menu.

T uees vemote wonor |

Rem.
Time
3 OKAn ... | True Technologies LT Statio... | Demo With .. | 44.567[m..| 214 349 |

1 |OK/Du... | True Technologies LT Statio... | Sub X11 | 240[mins] | 155 | 0.00 'Sample#EZ-SWT Extra glue on the leads

ch#  Status Test Station BlockMame Vms I[Amps]  Comments

2 |OK/Du. | True Technologies LT Statio..|  SubX11 | 24Dfmins] | 155 | 0.00 | Sample #33-5W1. No extra gus on the leads |

" 4 |OK/Du..| True Technologies LT Statio..| SubX11 | 24Dfmins] | 155 | 000 | 1
5 | OKAn..| True Technologies LT Statio... | 8inch PN4.. | 51.293.. | 283 | 354
" 6 |OKAn .| True Technologies LT Statio... | 8 Inch PN 4... | 51293fs... | 283 | 358
7 |OKAn .. | True Technologies LT Statio.| 8Inch PN 4. | 51293 | 283 | 351
8 | OKAn.. Tre Technologes LT Statio..| 8 Inch PN 4. | 51233fs.. | 283 | 348

Update Every 0.1 « minutes | Add Remote Monitor File J | Reset Monitor Files | [ Always On Top J

To start the monitoring process, first set the update time. Then click on the Set Remote
Monitor File button and browse to find a .rmf file for monitoring. The user account must
have Read (at least) access to the directory. The .rmf file is created by the LifeTest
software and represents a single test block. Up to 100 different .rmf files can be selected
so monitoring can be done on multiple blocks and multiple test stations in various
locations all with the same screen.

Once the .rmf file is selected, the Monitor will begin opening the file at the selected
intervals. The status, time remaining, and other information is available. The status cell
in the grid is color coded according to the state the DUT is in. The cell will turn grey if
the Monitor cannot access the file for any reason.

The Always On Top button can be clicked to keep the application in full view on the
desktop while the user goes about other business on the PC. If Always On Top is not
enabled, the application will jump to the front if a channel that is being monitored
changes to show a failure.
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Appendix D. LifeTest Specifications and Minimum
Requirements

LifeTest Hardware Single Channel Maximum Ratings*

Continuous current 30 amps rms
Peak Current 120 amps
Continuous voltage 100 volts rms
Peak Voltage 400 volts

* Inquire with True Technologies if these ratings need to be exceeded
Note: Devices where less than 50-100mAmps of current flow may result in noisy
measurements. Inquire with True Technologies if this is a possibility.

Computer Requirements

Operating System Windows XP or higher
Processor Dual Core/2.0 GHz or faster
Ram 4 gbytes or more

Hard Disk 100 gbytes or more

Bus USB 2.0

Audio Device — Windows compatible with 1 available channel of analog input and 1
available channel of analog output for each LifeTest channel. WDM or Windows Legacy
Device drivers required.
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