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“There is simply no substitute for knowing what you're doing” Jeff Case
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The Analogue World of Today
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Analogue Vibration Test Stand il

Analogue Reference

Vibration Controller with Accelerometer
analogue input channels and
integrated signal conditioning
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SPEKTRA

Product Groups of SPEKTRA

Calibration Solutions Device Testing Structural Testing Engineering Solutions

Calibration Selutions ‘ Device Testing

i Calibration Systems i Device Characterisation i Modal Test and Vibration 4 Customized Test Stands
= Vibration Systems Excitation Systems and Engineering Solutions
= Shock = Vibration excitation = Mechanical Design
= Acoustics = Shock excitation i Long stroke ball bearing = Electronic Design
= Force = Acoustic excitation Vibration Exciter = Software Development
= Pressure = Magnetic sensitivity

Temperature sensitivity
i. Calibration Exciter and

Components i MEMS Sensor Final Tester
i Calibration Service in our i Metrological Studies and
accredited laboratory Measurement Services

www.spektra-dresden.com
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Why use Digital Sensors
In Vibration Test Stands?
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Digital Sensors and the Internet of Things (lIoT) ill. i

SPEKTRA

Transducers with a digital output
are used in many products today
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v Mobile phones
v" Control devices of cars : . _
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Artikel des Tages

AT s Rhinocerus ist der
Titel eines
grafischen Werkes
von Albrecht Direr
aus dem Jahre

1515. Der Holzschnitt stellt ein aus

Indien stammendes Panzernashorn dar,

das am 20. Mai 1515 nach Lissabon

gelangt war und von dort noch im

selben Jahr auf die Reise nach Rom

geschickt wurde, wo es 1516 ausge-
stopft ankam. Direr hatte das Nashorn
selbst nie gesehen; der Holzschnitt
basierte auf einer Beschreibung und der

Skizze eines unbekannten Kiinstlers,

(@) e mwikipedia ora/wiki/wivs [
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Digital Sensors and the Internet of Things (IoT) il i

High Volume Production
of MEMS Sensors

v Consumer devices

v Automotive industry
v
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Digital Sensors for Laboratory Use? m

Will digital transducers be used
for laboratory applications?

v" Digital sensors are much cheaper
than analog sensors

e High volume production

* Less external electronics needed
(no external analogue electronics)

v' Easier setup due to self configuration
information stored in sensor

- Digital transducers will surely be
used for laboratory applications

www.spektra-dresden.com



Example: Sensors with Kistler DTI Interface
(Automotive Crash Test = In-Dummy Application)

Digital Bus Interface

DTI Data Recorder

. Sensor with DiMod S Power Trigger Ethemet

In-Dum
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Data
Recorder
e

e

6-axial sensor

.

3-axial sensor

— ==

1-axial sensor

© Kistler Instrumente GmbH

www.spektra-dresden.com Innotesting 2018
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Example: Sensors with DTI Interface m
(Automotive Crash Test = In-Dummy Application)

Data Recorder

DTI

Digital Transducer Interface AD-Converter and Regular Analogue Transducer
(Bus Type Interface) Signal Conditioner Module

www.spektra-dresden.com Innotesting 2018



Example 1: MEMS Accelerometer Sensor with SPI/ I°C Interface il
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Analog Devices ADXL372

 +200g measurement range

e 200 Hz to 3200 Hz user-selectable bandwidth

» Adjustable high-pass filter

» Acceleration sample synchronization via external trigger
« SPI digital interface and limited I°C interface

o 12-bit output at 100 mg/LSB scale factor

* Wide temperature range: -40°C to 105°C

Signal Conditioner

SENSOR - B

AT

-QINT2  © Analog Devices
IGITA
Poaie- | FOmosi

FIFO,
AFO, O MIso

N R SPI —(:)c_s
- —QSCLI{
nemngﬁamns ﬂN‘afﬁkEIMG X -
]
FILTERS ADXL372 " 2
________ O.___________________________ —————————————————————— o s ] .'E
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Example 1: MEMS Accelerometer Sensor with SPI1/ I°C Interface

“Cheap MEMS sensors are just customer devices.
They are not good for laboratory applications.”

Really?

+ +200g measurement range

+ adjustable high-pass filter

+ sample synchronization via external trigger
+ wide temperature range: -40°C to 105°C

- only 200 Hz to 3200 Hz user-selectable bandwidth
- small and sensitive package
- only 12-bit output at 100 mg/LSB scale factor

- Restricted bandwidth is mainly due to application in
low energy devices; can be improved easily

- Package can be changed by OEM manufacturer

www.spektra-dresden.com

Packaging by
OEM manufacturer
possible
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Example 2: MEMS Accelerometer Sensor with SPI1/ I°C Interface m
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Bosch BMA 456

Digital resolution 16 bit
Resolution (in £2g range) 0.06 mg

Measurement ranges (programmable) +2g,+49g,+8(9,£16g

Sensitivity (calibrated) +2 9. 16384 LSB/g
+4 9. 8192 LSB/g
+8 g: 4096 LSB/g
+16 g: 2048 LSB/g

© Robert Bosch GmbH
- Resolution is increasing from
sensor generation to sensor generation

www.spektra-dresden.com
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Example 3: Integrated MEMS Sensor with SPI / I1°C Interface

Example Bosch BMX 055

* Integration of Accelerometer, Gyroscope, Magnetometer
In one sensor package

—> Allows new online monitoring capabilities
during a vibration test
* Measure acceleration locally at critical points
* Measure torsion-modes locally Main features

* Measure local magnetic field locally
(e.g. magnetic stray field of shaker)

Absolute Orientation Accelerometer
Integrates accelerometer, @3 a Detects linear motion
gyroscope and magnetometer J@ and gravitational forces

Gyroscope
Measures the rate of rotation
In space (roll, pitch, yaw)

Magnetometer
Measures the terrestrial
earth’s magnetic fields

- Easy to handle: One wire, 9 measurement channels !!

© Robert Bosch GmbH
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And the Vibration Controller?

www.spektra-dresden.com



Actual Vibration Controller - Hardware

« Many vibration controllers are
available with signal conditioners
for analogue sensors

but

reference capacitors and
ICP simulation for calibration
of signal conditioners

e There is no controller on the
market that can handle digital
Sensors

uuuuu
......

SPEKTRA

vibration controller with dedicated
outputs for each exciter

Ethernet and RS232
interface

......
------
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analogue input channels with
integrated charge and ICP
signal conditioners

Signal conditioner DC power supply for
for PR sensors sensors

digital input
laser vibrometer

www.spektra-dresden.com
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Outlook — Generic Support of Digital Interfaces

Universal Interface Board (UTB)
for SPEKTRA SRS Controllers

12C
SPI
CAN
SENT

- Flexible hardware configuration
based on FPGA

- Approved design from SPEKTRA
MEMS production test systems

www.spektra-dresden.com
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Write 5Pl Data

FPGA with

IP-Cores




Actual Vibration Controller - Software

« Software architecture is designed
for analogue sensors with signal
conditioners

* Only one software driver for all
Input channels required

e Switching between signal
conditioners and measurement
ranges is the only challenge

www.spektra-dresden.com
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User Interface GUI

Data Processing

L

Vibration
Controller

Sends control data to controller
Receives input data stream

Firmware

Switches range of signal conditioner
Receives input data stream

A/D Converter Input Channel 1

A/D Converter Input Channel 2

ICP

DIR

CHARGE PR ICP DIR CHARGE PR

Innotesting 2018




A Controller for Transducers with Digital Interface?

YES,
WE CAN!

J

www.spektra-dresden.com
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User Interface GUI

Hardware Abstraction + Data Processing Layer ‘

~

ﬁm
L

12C Driver CAN Driver ... Driver

Analogue Driver

Type | Type | Type| Type | Type | Type | Type | Type | Type | Type Type Type Type Type Type
11 12 13 14 X jcrj|cz|c3|c4|cx .1 .2 .3 .4 .X

I Sends control data to controller

Vibration Receives input data stream
Controller
Firmware

Switches range of signal conditioner Sends control data to transducer
Receives input data stream Receives input data stream

A/D Converter Input Channel 1
FPGA based

Universal Digital Input Card

ICP DIR CHARGE PR

Innotesting 2018
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A Controller for Transducers with Digital Interface?

« A completely new software
architecture with flexible driver '
management is required P

User Interface GUI

Hardware Abstraction + Data Processing Layer ‘

e Generic drivers for the different g
hardware interfaces (SPI, CAN, I2C Driver CAN Driver ... Driver
1°C, etc. ) are not sufficient

Analogue Driver

b Type | Type | Type| Type | Type | Type | Type | Type | Type | Type Type Type Type Type Type
11 12 13 14 X jcrj|cz|c3|c4|cx .1 .2 .3 .4 .X

« Digital transducers have to be

CcO nﬁgu red Sends control data to controller
Vibration Receives input data stream
v Measurement range Controller
v Bandwidth Firmware
v Filters Switches range of signal conditioner Sends control data to transducer
v . Receives input data stream Receives input data stream
‘ i " Ari A/D Converter Input Channel 1
e ‘Logical’ drivers for any type of / P EPGA based
sSensor (maybe even revision of a Universal Digital Input Card
. ICP DIR CHARGE PR
type) are required

www.spektra-dresden.com Innotesting 2018



A Controller for Transducers with Digital Interface?

The Universal Interface Board
has a real time uC on board

e The required hardware interface
will be downloaded into the FPGA
(generic hardware layer)

« The ‘logical driver’ will be

Start sequence by:
PC, Trigger, DUT

Trigger

downloaded into the puC

» The PC software will control the out

download of both programs

e The PC software will send
configuration parameters for the
sensor

e The pC will handle the data traffic
between sensor and PC
automatically

www.spektra-dresden.com Innotesting 2018
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Sequence 1

- Power ON

- Meas ldd

- Calculate Sensitivity

- Program

- Check

- Power OFF
- 5end result

ETH Module

Result

BBBBBBB

Load sequence

PC
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And how do | Calibrate
such Digital Sensors?

www.spektra-dresden.com



Analogue Calibration System with Digital Input Channels il

« SPEKTRA's analogue CS18 calibration
systems will be equipped with a
Universal Interface Board (UTB)

* The reference sensor is an analogue
sensor

» Closed loop control of the shaker
movement with the analog branch

« Data streaming from the digital DUT via
uTB

- Analogue branch and vibration
control is traceable to PTB

- Calibration of DUT will be traceable

www.spektra-dresden.com
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Analogue Calibration System with Digital Input Channels

Vibration controller and calibration system
with digital interface

will be available in 2019 from SPEKTRA

YES,
WE CAN!

©
\
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Digital interface for DUT
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Conclusions m

SSSSSSS

« Transducers with digital interface are cheaper than \ | /
analogue sensors and easier to handle

e Currently such sensors are not often used for
measurements in laboratories but there is no good
reason why this will not quickly.

e Transducers with multiple sensor elements inside can
expand the monitoring capabilities during a vibration test
significantly (additional benefit)

« Currently there are no vibration controllers known on the
market that support digital transducers generically.

* New concepts for vibration controllers and calibration
systems for digtal transducers are on the way C y

Y )
\/

- 2019 will be an exciting year for a step forward in
vibration testing

www.spektra-dresden.com Innotesting 2018
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32124 Paseo Adelanto, Suite 3 US Heidelberger Str. 12 - DE - 01189 Dresden

San Juan Capistrano, CA 92675 Phone: +49 351 400240 - Fax: +49 351 400 2499

Phone: +1 (949) 234 9791 Fax: +1 (760) 683 3184 www.spektra-dresden.com
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