Getting started Guide

STEVAL-BFA001V1B
Predictive maintenance kit with sensors and 10-Link capability

System Research and Applications

July 2018

K " life.augmented




STEVAL-BFAOO1V1B Kit Overview

Setup and programming

Data Monitoring/Logging

How to enable Predictive Maintenance

Contents

&



STEVAL-BFAOO1V1B Kit Overview
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STEVAL-BFA0O01V1B Kit
What iIs inside

The STEVAL-BFAO001V1B is based on 3D digital accelerometer, environmental and acoustic MEMS sensors

Designed for:
+ Condition Monitoring (CM)
 Predictive Maintenance (PdM)

What is inside?

The STEVAL-BFA001V1B includes:

STEVAL-IDP0O05V1- industrial sensor board
STEVAL-UKIO01V1 - Adapter board for ST-LINK/V2-1
0.050” 10-pin flat cable

4-pole cable mount connector plug, with male contacts

arONE

M12 female connector with 2m cable
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STEVAL-IDP0O05V1

Hardware Overview
The STEVAL-BFAO001V1B kit is designed around the STEVAL-IDP0O05V1

HTS221
Expansion
Connector Main supply voltage: 18..32V
Main components:
» 32-bit ARM® Cortex®-M4 core for signal processing and analysis
(STM32F469Al)
* Sensors:
* INEMO 6DoF (ISM330DLC- accelerometer and gyroscope)
Top view » Absolute Digital Pressure (LPS22HB)
* Relative Humidity and temperature sensors (HTS221)
* Digital Microphone sensor (MP34DT05-A)
* 10-Link PHY Device (L6362A)
« EEPROM (M95M01-DF) for data Storage
« Step-down switching regulator and LDO regulator (L6984 and LDK220)
M12 industrial connector
SWD connector for debugging and programming capability
Reset button
Expansion connector with GPIO, ADC, I°C bus

L6362A

STM32F469Al

Bottom view



STEVAL-IDPOO5V1

Software Overview

STSW-BFAO001V1 is the software package for the STEVAL-IDP0O05V1

Demonstrations Applications Software Description

Set of firmware examples for CM and PdM based on 3D digital
accelerometer (only accelerometer is supported in fw package),
environmental and acoustic MEMS sensors.

Condition Predictive Acoustic Environmental Vibration
Monitoring Maintenance Analysis monitoring Analysis

Key features

: LELS! : Audio Lib » Developed for STM32F469AI with easy portability across different
Signal Processing MCU families

» Middleware including algorithms for advanced time and frequency

Hardware STM32Cube Hardware Board Support domaln signal processing for vibration analysis:

Abstraction Abstraction Layer (HAL) Package Programmable FFT size (256, 512, 1024, 2048 points)
* Programmable FFT overlapping

Programmable acquisition time window
FFT averaging during acquisition time
* Programmable windowing (Flat Top, Hanning, Hamming)
ISM330DLC, HTS221, LPS22HB, MP34DT05-A, M95M01-DF - Speed RMS moving average, acceleration max peak.
+ Middleware integrating microphone algorithms for:
PDM to PCM
* Sound pressure
* Audio FFT
Environmental, acoustic and vibration data monitoring through freely available
terminal emulator.

STSW-BFAO001V1 architecture + Example firmware to communicate with STEVAL-IDP004V1 (IO-Link master

m capable, multi-port evaluation board) and dedicated PC GUI.
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Hardware

STEVAL - IDP005V1
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Setup __

Hardware prereqU|S|t|es
Unpack the STEVAL-BFAOO1V1B
e 7
| .

m 4-pole male connector

STEVAL-UKI001V1 10-pin flat cable

M12 female connector
with 2m cable

Any STM32 nucleo-64 to program USB cable Type-A to Mini B STEVAL-IDP004V1 Master board and Generic power supply

r debug and interface with PC generic RS-485/422 USB adapter Laptop (range 18..32V)

, (required only to use the GUI)
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STEVAL-IDPOOSV1 Demo Setup

Software prerequisities

 STSW-LINKOO9
ST-LINK/V2-1 USB driver

« STSW-LINKOQ7
ST-LINK/V2-1 firmware upgrade

« Common freely Serial line terminal (i.e. TeraTerm)
« ST IDP0O05V1-GUI (setup included in \STSW-BFAO001V1\Utilities folder)
* Microsoft.net version 4.5 or higher (this is only to run the GUI)

 RS-485/USB adapter driver (this only to use STEVAL-IDP0O05V1 connected to IO-Link
master capable multi port board)

Lys
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STEVAL-IDPO0O5V1

Power-on
The STEVAL-IDP0O05V1 can be powered in two ways

Plug the M12 cable onto the STEVAL-IDP0O05V1 Supply ¥

voltage gy

and connect the other end to a power supply 9.32V :

18..32V - /

STEVAL-IDP0O05V1

If available, use the STEVAL-IDP004V1 to supply Supply volage
the STEVAL-IDP005V1 through the M12 cable o

r STEVAL-IDP0O05V1
> /4
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Programming the STEVAL-IDPO05V1 1/2

STEVAL-UKIO01V1 and ST-LINK/V2-1 overview

STM32 NUCLEO-64

‘;‘:’Tr_”ljﬁl m/hz . STEVAL-UKI001V1 (top view)
has two SWD sockets:
20-pin (100 mils)
10-pin (50mils)

Make sure that
SB12 is open

STEVAL-UKI001V1
(bottom view)

A4
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Programming the STEVAL-IDPO05V1 2/2

Setup

—

Pint Programming steps:

Remove all short cap
jumpers from the
STM32-NUCLEO

D

a. Connect the application
board to the ST-LINK/V2-1
via the 10-pin flat cable
plugged on J2 (on the
STEVAL-UKI001V1), then
power-on it.

b. Connect the ST-LINK/V2-1
with a PC via an USB cable

— 4 plugged on CN1.

2 K
T ¢. The ST-LINK/V2-1 will be
Plug the STEVAL-UKIO01V1 o P ————————— recognized as a removable
on the STM32-NUCLEO storage.
. il Computer .
respecting the CNXx ref. . 0. To download the firmware
Network . . - .
: simply copy the .bin file on it.
. | CTNCWL5133 Domain : st.com
.A' Processor: Intel(R) Core(TM) i5-4300U CPU @ 1.90GHz
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STSW-BFA001V1

Firmware architecture

The STEVAL-IDP0O05V1 offers applications and examples as detailed below. All projects allow data monitoring through serial
terminal with board connected to PC.

Mame Date maodified Type Size
B _htmresc Mew folder .
. Documentation Marme . y Name Can WOI’k aISO W|th the
I, Drivers -~ jL J. Condition Monitoring STEVAL-IDP004V1 and a
: . Applications . - - .
. Middlewares <|:l' . Predictive_Maintenance
| | Projects » | . Demonstrations | ——————— dedicated GUI
| Testing_Package
Lo Utilities
. ®5T INTERMAL UTILS
clean.bat
delete.bat
delete_html.bat 4/26/2018 11:54|AM  Windows Batch Fi

Help

library = Share with - Mew folder

it Marne Date modified Type Size
. Acoustic_Analysis 4/26/2018 11:56 AM  File folder
. Environmental_&nalysis 4/26/2018 12:29 PM  File folder
L. Vibration_&nalysis 4/26/2018 12:29 PM  File folder

Lys
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STEVAL-IDP0O0O5V1 Data Monitoring

STEVAL-IDP0O05V1 sensor and analysis data can be displayed on PC in two ways

Terminal emulator
(TeraTerm or others freely available)

=

GUI to be used through the STEVAL-IDP004V1 (multiport Master board)




STEVAL-IDP0O05V1 Data Monitoring

Setup the terminal emulator

Plug the STEVAL-UKIO01V1 on the
STM32-NUCLEO, then connect to the
STEVAL-IDP005V1

Push the Reset button on the STEVAL-UKI001V1

CN15: closed Open the terminal (or STEVAL-IDP005V1)

CN14: 2-3 position emulator

STEVAL-UKI001V1

Insert the new parameters
or press ENTER

Press Y to start
monitoring

life.augmented Pin1



Parameters Configuration Details

COM22 - PuTTY

Odr -> Accelerometer ODR in Hz
fs-> accelerometer full scale in g

Hpf -> accelerometer high pass filter
0 - HPF_ODR_DIV_4:
1 - HPF_ODR_DIV_100:
2 - HPF_ODR_DIV_9:
3 - HPF_ODR_DIV_400:

Size -> FFT size (256, 512, 1024, 2048)
ovl -> fft overlapping in % (5 + 95)
d4=0 intmed=0 tdtype=0 Tacq -> acquisition time in ms (0.5 + 60000)
Tau -> time constant for RMS in ms
(25,50,100,150,250,500,1000,1500,2000)

Subrng-> 8, 16, 32, 64 number of spectral subrange
Wind-> 0 (Hanning)

1 (Hamming)

2 (Flat Top)

Tdtype -> 0 Speed RMS
1 Acc RMS
2 Acc RMS and Speed RMS

augmented



Data Details (1/3)

RMS for Acc and/or speed

Accelerometer Spectral frequency
subrange and related amplitude

Accelerometer FFT

P, T, rH data

[= s I Y

s}

s}

s}

s}

s}

Frequency and time
domain vibration data

> /4
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Data Detalls 2/3

BB COM22 - PuTTY

Frequency and max
amplitude in subrange on
3 Accelerometer axis

FFT Averaging number. it is fuction of overlapping and acquisition time
Max amplitude at related frequency

[—— Acc peak on 3 axis
> /4
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Data Detalls 3/3

The displayed data can be saved and plotted on external program (i.e. Excel)
Such as the FFT spectral analysis.

P COM22 - PuTTY

Save log and

plot on .xls format ﬂ
v

FFT Amplitude Spectrum

0.6
0.5
04
0.3
2

a1

1] 200 400 600 BOO 1000 1200 1400 1600 1800 2000 220 2400 2600

One axis accelerometer FFT
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Dedicated GUI trought STEVAL-IDP004V1

STEVAL-IDP0O05V1 communication based on Master Board

& STMicroelectronics STEVALIDPOOSV1-GUI @ %
Commurication Setip | Messures Fles | L6360 Regaters | Vibration Analyss | ENV Measures | Fow Comm
X Aes VIBRATION
W wax 5527REQ- 6377 [l MAX 077 FREQ. 6675 - — Ky
ik L
ﬁ 7
1s ENVMSR [ AMSPEAK [7] ACCFFT I
I SENSOR2
§ e p———
s N I SENSOR3
0 200 400 600 800 1000 1200 1400 1600 1800 2000 BYIR &) NOSEN I AC T I
Adapter RS-485/ USB =
Y Anes VIBRATION ENVMSR RMS/PEAK ACLC FFY I
Optlonal USB . [ wax2397RE0- 6877 [l MAX- 066 FREQe 6675 P
g Sersor ] Sersce2  Sersord  Sensord
¥ e B | 2w | | — |
2 g B |2 ] oz ] — ] Axel Peak
i b g — | ww ] ] — |
% com i ACCPEAK 2]
0 200 400 600 80 1000 1200 1400 1600 1800 2000 et Biend: Saaid- Somrd
e N | s |3 | — |
2 Aces VIBRATION S d RM S
B a0 a7 [ WX 267FRE- 6675 1o |am | — | pee P.T.H parameters
97 g — | nw]um] — | LR
g
£ a0 .
RS-485 CAN T s £ STMicrolectronics STEVALDPOOSVI-GUL - - L . | . S
3 = -
§ 3910 s (D [ Communication Setup | Measures Fies | L6360 Register | Vbration Anaysis | ENV Measures | Row Comm |
i e NS
= 0.000 1Y Environmental Measures "I
0 200 400 600 800 1000 1200 1400 1600 1800 2000 aamentos
FREQ M2) life.augmented | Rest || Cose

Axel spectrum 0 00 [

10-Link:

Ports I
é ImBAR] |

Supply voltage ‘ [RH]

& Protection

STEVAL-IDP0O05V1

Power management

Download the condition monitoring_iol

STEVAL-IDP004V1 firmware from the STSW-BFAQ0LVL |
STSW-IO-LINK Firmware package Demonstration folder

Lys
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https://www.st.com/content/st_com/en/products/embedded-software/evaluation-tool-software/stsw-io-link.html

STEVAL-IDP0O05V1 GUI

How to connect one or more nodes

Install the GUI from setup included in \STSW-BFA001V1\Utilities folder

| G4 STMicroelectronics STEVAL-IDPOOSV1-GU

| Communication Setup | Files [ L6360 Registers | Vibration Analysis | ENV M [ o Comm |

Predictive Industrial Evaluation Platform based on
MEMS Sensors and I0-LINK connectivity

'ﬂSB-RS&SPm S l STEVAL-IDPO04VT The GUI |S |nCIUded |n the STSW'BFAOOlVl

utilities folder.

Name

Baud e o : _
bas \ Once installed please follow:

oy o) - S .

Stopbt e . Select the right COM
Fow corirl (Nene ) OF - IANERER e L SR 2. Select the port (more nodes can be
y 3

connected)
= 3. Click on connect and wait for connection
) “‘ Motion Sensor
.‘-F ISM330DLC STEVAL-IDPOO5VT

sensor

LPS22HB

MEMS nano
pressure sensor

"’ . = life.augmented
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STEVAL-IDPO05V1 GUI __

&1 STMicroelectronics STEVAL-IDPO05V1-GUI

| | Communication Setup | Measures Files | L6360 Registers | Vibration Analysis | ENV Measures | Flow Comm |

" X Axes VIERATION
W max:552FREQ=6277 [l MAX: 0.77 FREQ= 66.75
9.775
o
4 7820
§ 5865
T 3910
2
2 1955
=
0.000 i
0 200 400 600 800 1000 1200 1400 1600 1800 2000
FREQ [Hz]
Y Axes VIERATION
B max: 239 FREQ=68.77  [Jl] MAX: 0.66 FREQ= 66.75
9.775
[y
£ 7820
§ 5868
=
T 3910
5 195
=
0.000 1 R
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency FREQ [Hz]
domaln Z Axes VIBRATION
B max: 850 FREQ=68.77  [Jl] MAX: 267 FREQ= 66.75
parameters
9.775
&
£ 7820
§ 5865
2
T 3910
I 1955
- I
0.000 -
0 200 400 600 800 1000 1200 1400 1600 1300 2000
FREQ [Hz]

Lys
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ENV MSR

SENSOR 2
| ENVMSR [V RMS/PEAK [¥] ACC FFT

RMS/PEAK ACC FFT I
SENSOR 3
] ENVMSR  [V] RMS/PEAK ACC FFT I

ENV MSR RMS/PEAK ACC FFT

RMS SPEED [mm/s]
Sensor 1 Sensor2  Sensor3  Sensord

* — I T
v — N T
z I N T

ACC PEAK [m/s2]
Sensor 1 Sensor2  Senmsor3  Sensor4

« [— ST N
v I I N
2 I T T .

:- I :'\: T C)

START @

life.augmented
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Vibration Analysis

Time domain
parameters

—

Plot related to nodes 2 and 3
in this example

23



STEVAL-IDP0O05V1 GUI

Environmental Monitoring

r 2 -
4 STMicroelectronics STEVAL-IDPOOSVI-GUI - - . 3 (=] B |3
| Communication Setup | Measures Fies | L6360Regs(aslmeonMdyﬁs] ENV Measures {BwComi

Environmental Measures K’l
1y | | © Pressure =
» Relative Humidity
¢ - o SN . Term
. perature
& 1 - I

Nodes 2 and 3 in
this example

MEASURE
—

e ——— -

Lys
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STEVAL-IDP0O05V1 GUI

Save data log

A — -

a . s = P -
Communication Setup | Measures Files | L6360 Registers | Vibration Analysis | ENV Measures | Flow Comm |

4 @ lE MEASURES FILES SETTINGS "l

£ X JOR 3

/ Enable Saving To File Sensor 1 Measures @ lE 1. CheCk the bOX 13 Enable SaV|ng
1 O 2) - i : Sensor]_Measures TO Flle SenSOI’ X Measures”
E— Y @ i 2. Click the related square blue
\& button
Fie Foder Selection for Senso ‘ 1. Sensor. 3_Measur;s|E
>l 3. Select the folder path where
S S To e S enr @ g store the file, and choose the file

Measures File Foder Selection for Senso ® . — [Sensoré _lﬂeasurt;s - name

e 4
L — — life.augmented — e — LO,/O.

Lys
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Predictive Maintenance Demonstration FW

The Predictive Maintenance demonstration project (PredMaint_SVR), inside STSW-BFA001V1\Projects\Demonstrations\
Predictive_Maintenance folder, allows programmable vibration thresholds and give, in output, motor status details coming from
time and frequency vibration analysis.
The motor status are: Frequency domain
- Good
- Warning
- Alarm

Time domain

v

PC connection through service UART

Supply voltage

1832\/ General motor StatUS FEEEEEEEEEEEEEEEE EQUENCY DOMAIN STAT FEEEEEEEEEEEEES

Fix STEVAL-IDP0O0O5V1

very close to equipment. 1000
H 9.00 ——
Itis recommended not use o H— . S
cantilever board fixing. . ‘ Example | o ol
Alarm
6.00 | Example

J
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Predictive Maintenance Demonstration FW
Threshold settings

User can modify the alarm and warning thresholds for Speed RMS, Acc peak and spectral band. It is done in precompiling
phase on MotionSP_Threshold.h file. Spectral band can be subdivided in 8, 16, 32 or 64 subrange.

Open the PredMaint SVR project from STSW-BFA001V1\Projects\Demonstrations\Predictive Maintenance folder*

Workspace

x

| PredMaint_SRY

|

Files

B STEVAL_IDP005V1 - PredMaint_SRY
2 () Application
CIEWARM
LauUser
(1 data_communication_srv.c
) main.c
[ MotionSP_Manager.c
N]MotionSP_Threshold.h
&8 ) stm32f4x¢_hal_msp.c
L@ [ stm32fde_it.c
& (] Drivers
= (O Middlewares
—& (1 Output

' S7

Ifeougmantsc

main.c MotionSP_Threshold.h |

main.c MotionSP_Threshold.h

# PTHE USER CAN CHANGE THESE VALUES TO ADAPFT THE ANALYS

=/

static const aTimeDomainThresh t TDSpeedBMSThresh =

—| {/* Value in mm/5 */

5.65fE, //1< SPEED RMS THR WARN AXTS X
5.65%, /41« SPEED RMS THR WARN AXIS ¥
5.65f, // 1< SFEED RMS THR WARN AXTS Z
9.65L, /#1< SPEED RMS THR ALARM 3XIS X
9.65¢E, //1< SPEED RMS THR ALARM AXIS ¥
9.65%, /#1< SPEED RMS THR ALARM AXIS Z

|H

,.'ﬁﬁ

# ghrief Valnes inserted considering the valus for Acce
# and wusing an 1deal shaker @60 Hz for the WARNING for

=/

static const sTimeDomainThresh t TDAccPeakThresh =
[/# Valu= in m/s*2 #/

3.5%, /#1< THR WARN AKIS X
3.5%, /#1< THR WARN AXIS ¥
3,55, //1< THR WARN AXIS Z
6.5%, /7 1< THR ALARM AX15 X
§.5%, /#1< THR ALARM AXIS ¥
§.5%, /#1< THR ALARM AXIS 7

Threshold values for Warning

== Threshold values for Alarm

103 6.5%, #/1< THR ALARM AXIS X
104 6.5%, #/1< THR ALARM AXT5 ¥

105 6.5%, #/1< THR ALARM AXIS Z

106 + }:

107

108 s /
109 /*- WARNING and ALARM THRESHOLDS with SUBRANGE = 8 -#/
110 / /
111

112 J—] static const Float FDWarnThresh Sub8[2][3] = |

113 fE K- V- -E- #

114 {1.5f, 2.5f, 3.5f}], /* Warn Thr Subrange 1 */

115 {1.5£, 2.5f, 3.5f}, /* Warn Thr Subrange 2 */

118 {1.5£, 2.5f, 3.5f1, /* Warn Thr Subrange 3 *#/

117 {1.5£, 2.5, 3.5f}, /* Warn Thr Subrange ¢ */

118 {1.5£, 2.5f, 3.5f}, /* Warn Thr Subrange § */

119 {1.5£, 2.5f, 3.5f}, /* Warn Thr Subrange & */

120 {1.5f£, 2.5f, 3.5fl, /* Warn Thr Subrange 7 */

121 {1.5£, 2.5f, 3.5f}, /* Warn Thr Subrange & */

122 |t 1z

123

124 [f] static const Float FDAlarmThresh Sub&[2][3] = {

125 | /% -E-  -¥- - */

128 [4.5f, 5.5f, 6€.5f], /* Alarm Thr Subrange 1 #/

127 [4.5£, 5.5f, &.5f}, /% Alarm Thr Subrange 2 */

128 [4.5£, 5.5f, &.5f}, /* Alarm Thr Subrange 3 */

129 [4.5£, 5.5f, &.5f], /% Alarm Thr Subrange £ */

130 [4.5£, 5.5f, &.5f}, /* Alarm Thr Subrange § */

131 [4.5£, 5.5f, &.5f}, /% Alarm Thr Subrange & */

132 [4.5f, 5.5f, &.5f], /% Alarm Thy Subrange 7 */

133 {4.5£, 5.5f, 6.5f}, /* Alarm Thr Subrange & */

134 1z

(*) to change thresholds and recompile firmware it is necessary install one of the supported IDEs



PC Data output displayed are detailed below:

Time domain Motor Status details for each axes

Status on spectral band for
each axes in 8 subranges

General Motor Status in Time %
and in Frequency domain —)

augmanhsc

Terminal Emulator Data Output
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