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microLEX compa

® Started July 1992.
® NI company since February 2008.

® Today 16 engineers with a professional background from
DELTA, National Instruments, Briel & Kjeer, etc.

® Operates as a supplier of
= Automatic test systems like VideoMASTER, HearMASTER.
m  System engineering within audio and video testing.

® Own software basis > 180 person years of efforts.
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Prog

® |ntroduction

® Testing Rotating Machinery

= Order Analysis
= Order Analysis plug-in for StreamMASTER (demo)

® Sound measurements using M-Series
= What to consider if using M-Series for audio testing
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Structure of a microLEX t
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| Drivers, like DAQmx/FGEN/NIScope i
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Transducer and sensors !
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Rotating machinery - tes

InstruWARE for HARMONI

GUI/ Setup interface

interface Data handling
with

sequencer

Hardware Abstraction Level

Accelerometer

C On/off
ompressor controled

Power plug  Power
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Rotating machinery - co

Overall Vibration

3,300 RPM = 55 CPS

55 220 385
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Rotating machinery - fail

® Example of failures

Cracks in parts.
Broken parts.
Unbalance.

Bearings unbalanced.
Friction in bearings.
Level of grease/oil.
Gaskets.

Loose parts.

® Typical symptoms
= Change in resonance
frequency of faulty parts.
= Change in acoustic noise
pattern.
= Change in heat dissipation
profile.

® Resonance frequency of parts

®m  Aresonance is provoked when the stimuli hit it or its sub-harmonics.
= => Machinery must run up / down to provoke a fault to show itself.

@ microLEX"
.‘ Systems A/S

The Test Solution People




Rotating machinery — changin
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Rotating machinery — Ord
® Plot the amplitude versus the normalized rotational speed.

® The first order is the shaft speed.

® The second order is the amplitude of what is running twice the

speed of the shaft.

Amplitude [d&]
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Order Track

® Testing a specific item by locking to an Order

= Run-up in speed.
m  Compare the amplitude versus time/rpm with a tunnel limit.
m Cracks, unbalance, friction in the specific item will make it fail.

4th Order Waveform

Original Waveform
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Example: Testing a tra

® Order tracking of individual
cogwheels.

Isolation Order 29.9

® Gearbox run by an electromotor.

® |ndividual orders and group of
orders are tested against tunnel
limits .

»
MR S ® Run-up in one gear can take
minutes
= Sequential testing: Recording
first and analys afterwards.

m Streaming/real-time testing.
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StreamMASTER (devel

® InstruWWARE type for testing of
streaming signals (audio and video). InstruWARE for Order Testing

® Tests of signals of long duration GUI / Setup interface
(opposite to one-shot).

Interf Data handling
® Sub-results are available continuously nispEce

with
after a small delay. sequencer _

® Plug-in for various applications will be
available.

Hardware Abstraction Level

® Plug-in for testing of rotating machinery:
Order Analysis Toolkit from NI Sound &
Vibration Tool.

®
13 NP DX
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StreamMASTER - Ar:

Stream Source Stream Buffer Engine Processars
Cooooooooog Ooooooooooo ooo
O] el e [e]f]
Ooooodooooo O0jgooooopoo ooo
HSDIO Lip-sync
DaGmx_Audio | DaGmx out
N-MAQ [ |Blucklness
Fead Ve [arder_Analysis
Dropped trames
One of serveral stream sources + Uncouples the source
is selected from the processors

and buffers frames
Provides uniform
interface between
SoUrces and
processars

Seversl processars are active
simtaneously on the same
stream

®
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Classic Audio

General test setup

Ex: Audio test

\-\r\f Device Under Test /\r“
(BuT)

Stimuli

NI PXI-4461

Multimedia device
e (MP3 file with A
Start suitable test Response
signal)

Stimuli

Loud ‘ Mic.+
speaker N -

Ex: Acoustic test

®
15 NP DX
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NI PXI-4461 as an audi
instrume

NI PXI-4461 features

® Price: DKK 26.399

® 2 input channels

® 2 output channels

®  24-bit resolution — 118 dB dynamic range
Stimuli

® Simultaneous sampling/update

® Upto204.8 kSa/s
® AC/DC coupling
® Range settings from £316 mV to 42.4 V

® |EPE (ICP, CCP)
CCP: Constant Current Power

L] Vari:%%le anti-aliasing filters .“ microLEX®
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Ex: Loudspeaker i
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M-Series as analog in- /

® Analog input

16/18 bit A/D, 500KSa/s (1M/16bit)
Input range: 100mV — 10V

8-80 Al channels

40 KHz LP filter

® Analog output @ @

= Max. 4 outputs (+/- 10V)
= 16 bit D/A, 2.86 MSals ~
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M-Series: Audio con

One A/D converter

= Pseudo Simultaneous Sampling
m  Settling time 1 us — 50 us (w. filter)

Maximum 18 bit ADC (4461: 24 bits)

Common 40 KHz LP Filter .@ @
No AC coupling —
No ICP
19 N Ry
M-Series: Other
® Digital I/O

= Up to 32 bit dynamic I/O
= Up to 16 bit static I/0

® Counters
= 2 counters, 32 bit

® Frequency Generator @ @

= 6.25 kHZ - 10 MHz

® Miscellaneous

= Analog/Digital triggers

s PCI, PCle, PXI, PXle, USB (25
different modules)

= Price: ~3.500 —> ~15.000 DKK
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Sound measurements

PXI1-6280 features

DKK 11.149

16 Analog Input

18 bit resolution

625 kSals

Input ranges: £10, 5,2, 1,0,0.2,0.1V

40 kHz programmable low-pass filter
or
8 us settling time for 1 LSB

24 Digital 1/0
Two 32-bit, 80 MHz counter
SHC68 Connector
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Requirements: ® Parasitic capacitance:

6280 for audio mea

8 us for 1 LSB: 108 dB
10 channels that need to

be compared in pairs. ® 10 Chan scan => Sample freq.:

<1/(80 us) < 12.5 kSals
BW: 100 Hz to 10 kHz

Ch1 * *

> 65 dB accuracy

Ch2

Environment with a lot of ~ “"* - -

mechanical and electrical
noise, also above 10 kHz.

Chs &

Ché L

Ch7 L

Cha . 2

Chg L 2

[ ]

Ch 10

Y

Bus
B0 us




6280 for audio mea

® Alternative solution with two
6280, each using five
channels.

® 5 Chan scan => Sample freq.:
< 1/(40 us) < 25 kSals with
settling to better than 1 LSB
corresponds to 108 dB

e =>0K
® Settles to better than 65 dB
® Sample frequency > 2 times

highest frequency (10 kHz)

23

Ch1
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Chs

Y

Bus
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Chs

Y
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Audio measureme

ilSn!:Dlela
= Nyquist freq.

Sample frequency >
2 x max. frequency

Anti-aliasing filter

24

Amplitude

Aias] fReal signal]

i 1 _i'..

RSampie)2  fSample)
= Myquist freq.

falins] = abs{ min{ n * (Sample] - f[Real signal]
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Audio measure

® Alias and resolution

NI-6036E, 16 bits, no filter

50% Pitch, 125 rpm

B (2

-!L I ERRERNEEE SRR

e il bl
‘n‘ "'h {:LI l*hlk: ﬂ' ‘[‘l Wy ?IH!-‘r'i ‘lmf' H'M‘\r H‘H]

|u|uiululululu;uluiuﬁmuluﬁmfz -

REERAEREERT

50% Pitch, 125 rpm

!
i

NI-9233, 24 bits, anti-alias filter
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Filte

® Filter based on MAX274

Preamplifier/Buffer
1,95, 49, 413, J17

® 06’th order o

® 0.5 dB within 100 Hz
to 10 kHz

® <-60dBat40kHz

+5V
6

GND v+
8 Fc 3/4 MAX274 g
r; o x & @ ® & o © H
sFSreS o e d o FLLS!
5 7 3 1 13 10, 8 12| 14 16 1 21| 17| 15|
— 5
s08 B s
16,2k
158k 162k 22,6k 158k 162k 61,9k 158k 162k
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6280 for audio measuremen

® Anti-alias filter: 6’th order with => <60 dB @ 40 kHz

® Sampling with 40 kSa/s

® 1 (caused by parasite components)

Settling to 1 LSB = 28 within 8 us
Settling time caused by first order parasite component (t =

R*C)

m 28=exp(-8us/t) & 1 = 8us/(18*In(2)) = 0.64us
® Shorter settling time can cause cross talk corresponding with:

m 5 channels are scanning with 40.000 * 5 = 200.000 times/sec.

=> settling time = 5 us.

2 = exp(-5us/t) < b = 5us/0.64us/In(2) = 11.3 bit
11.3 bit corresponds with: 20*Log(2'"%) = 67.9 dB.
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Economy compa

DAS M-Series

® 2 xPXl 4462 52,798 kr. ® 2 x PXI 6280 22,298 kr.

® 1x PXl 4461 26,399 kr. ® 1 xPXl6221 4,349 kr.

® Total per system 79,197 kr. @ Filter+ICP+Cond. 35,000 kr.
® Total per system 61,647 kr.

® For10systems 791970kr. ® For 10 systems 616,470 kr.
® HW development 150,000 kr.
® Total 766,470 kr.
® Saved 25,500 kr.
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Conclusi
M-Series for audio

M-Series modules are:
® Very good modules with a lot of features
@ High value for money

® Can be used for audio measurements.

= But consider
+ Scans and sample times
*  Channels

* Anti-alias
- ICP
+ AC-coupling
28 NP DX

Contact infor

® microLEX Systems ApS
Dr. Neergaards Vej 5C
DK-2970 Hoersholm
Denmark ; 4
www.microlex.dk e
Tel.: +45 4576 2100 ; -
Fax: +45 4576 2200
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