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Goals

The study of characteristic

Electrical Signal reception

Sampling

DSP

ADuC7026 Microcontroller Programming with C
Compination of the above so as to determine:
The condition of a system

Use of Keil Uvision development enviroment

System simulation



Wind Turbine Construction(1)

- 12 High-speed shaft
13 Yaw drive
14. Yaw motor
15. Tower




Wind Turbine Construction(2)

Moving Parts
DC Generator - Gearbox

Vibration Generation
Vibration Patterns

Proper Operation
Data
Prediction Capability

Goal

Collecting, Storing Processing
Vibration Data




Piezoelectric Transducers

m  Turning Pressure to Electrical Signal
m Use as sensors

m Structure — Function
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Transducer ~Bignal

Data Collection

Analo
Conditioner/ Low—Pagss

Amplifier Filter

TOU ofoTfjparog.

Sampling
Shannon Theorem
Aliasing

Filters
Oversampling

Analysis/Display
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m  Frequency Analysis

m DFT

m Fast Fourier Transform (FFT)
m FFT Algorithm

m Reversre FFT

Inpy

Stage 3 Staqe &

Decimation-in-Time Butterfly Algonthm

F(k)=3 f(n)Wyg

[twindle factor)
J bit—reversed

1 < Stage < log,(N)



Fourier Transforms(2)

N =1
X (mAf) = Aty x(nAt)e2mmans

n=(

1,2,3,..,(N-1) DFT

Nyquist frequency refers to m=(N/2).
[(N/2)+1] frequency elements are useful data

[(N/2)—1] frequency components are non-useful data and represent negative frequency
components (Euler’s formula)
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Windowing

Rectangular
Gauss o=4
Hamming

Kaiser u=2
Kaiser a=3
Mutall
Blackman-Harris
Blackman-Mutal
Flat tap
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nomalized Freguency 1

Rectangular window

win) =1
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Hamming window; B=1.37




Vibration Analysis

Condition Monitoring
Changes in Frequency Spectrum

Spectrum Interpretation &
diagnosis
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Spectrum Interpretation & diagnosis(1)

Subharmonic Elements
Low harmonics of the rotating speed

Harmonics of the transmission Line

o 0O 0O O

Higher Harmonics of the rotating speed

Nature of fault ) Direction Remarks

nembers out of * Radial A common cause of excess vibration in machinery

mment and bent ] r ) adia A common fault

Uneven vibration levels, often with shocks

ged rolling element s at higl adia Impact Rates f{Hz):
ings (ball, roller, freque A0 kHz) often C For Outer Race Defect
etc.) ial resonances in a

L
flHz)= E

CONTACT \
|/ ANGLE & For Inner Race Defect
BALL DIA
i (B0 f{Hz)=

4
oy PITCH . .
DIA For Ball Defect
R S

o £D
fiHz) = BDfr

n =number of balls or rollers

f,=relative rps between inner and outer races HO()\JV&QQ)HiCOUGSG

Journal bearings loose in Subharmonics of shaft rpm, Primarily Looseness may only develop at operating speed

housing exactly ¥ or radial and temperature (e.g.. turbomachines) Mnxavég




Spectrum Interpretation & diagnosis(2

Oil-film whirl or whip in Slightly 1 than h: haft d ily A h d tur machine

Or worn

Reprocating
Engines

frequency

ine frequency and components Can result from poor internal alignment,
[nR,(1-35)/p + k] Radial year, or tor heating
tion worsens as motor heats up).

Q

ed to as

unbalanced phase

resistance or coil sides ¢ line frequency
Shorted sta

laminations/turns

Loose stator laminations ¢ line frequency and components Can have high amplitude but not usually destructi
spa by 2 x line frequen Radial The high-frequency components may be similar

around 1 kHz static eccentricity.

amic eccentricity ¢ rpm with 2 x slip-frequency Can result from
sidebands and components i local rotor heati
heats up).
Broken or cracked rotor bar (T ip-frequency The slip sidebands may be low level, requir-
Loose rotor bar ; C e Radial ing a large dynamic range & 21l as fre- s M
Shorted " laminations ilar C iven above for que ctivity in measuring instrumen- IndUCtlve englnes
Poor end-ring joints eccentricity with addi io ic ectra show that these components in
x slip-frequency sidebands of the principal vibr
around slot harmonics i




Vibration Cause

Symptomatic Frequency

Dominant Plane

Comment

Unbalanced Rotor Shatt

1 x APM

Radial

Type of unbalance can be determined from
phase relationships (see Table 2)

Bent Shaft or Angular Misalign-
ment

1%,2x RPM

Axial

See Table 2 for more information

Paralle! Misalignment

1x%,2x RPM

Radial

See Table 2 for more information

Mechanical Looseness

1%, 2%, 3 x,4x RPM etc. also
0.5 x, 1,5 x APM etc.

Radial

High number of harmonics and possible in-
terharmonics characterizes truncation

Damaged Element

Bearings

Relling

induced resonance in the bear-
ing housing and machine casing
in the range 1 to 20 kHz typically

Resonance is excited by Impacts of Jocal
faults in the bearing. Also frequencies due
to fundamental impact repetition rates (see
Fig.6), which are generally lost among other
signals + noise at lower frequency however

Oil Whirl and Whip in Sleeve
Bearings

0,43 to 0,48 = RPM

Radial

Sleeve Bearings are comman in larger ma-
tors

Static Eccentricity

2 X line frequency and compo-
nents at w X [nR, (1-sip = k]

Radial

Can result from poor internal alignment,
bearing wear, or from local stator heating"
{Vibration worsens as motor heats up)

Weakness/Looseness

of Stator Support,
Unbalanced Phase
Resistance or Coil Sides,
Shorted Stator
Laminations/Turns

2 % line frequency

Radial

Referred to as “locsa iron™

Difficult to differentiate between this group
using only vibration analysis, but they will
also be apparent at no load as well as on
load

Loose Stator Laminations

2 % line frequency and compo-
nents spaced by 2 x line fre-
quency at around 1 kHz!

Radial

Can have high amplitude but not usually de-
structive. The high frequency components
may be similar to static eccentricity’

Dynamic Eccentricity

1 x BPM with 2 = slip frequency
sidebands and components at «
X [{(nR, + ko) X (1-8)/p) + K]

Radial

Can result from rotor bow, rotor runout, or
from local rotor heating® (Vibration worsens
as motor heats up)

Broken or Cracked Rotor Bar,
Loose Rotor Bar,

Shorted Rotor Laminations,
Poor End-Ring Joints

1 ¥ APM with 2 X slip frequency
sidebands and components
simitar to those given above for
dynamic eccentricity

Radial

The slip sidebands may be low level, requir-
ing a large dynamic range as well as fre-
quency selectivity in measuring instrumen-
tation. Typical spectra are shown in the ap-
pendix showing that these components in
the region of the principal vibration slot har-
monics also have slip frequency sidebands

DC Generators




Categorizing Vibrations

» Stationary Vibration MECHANICAL
VIBRATION

>Non—Stationary Vibration
» Deterministic Vibration

> RaﬂdOm STATIONARY MIXED NOMSTATIONARY

» Mixed

RANDCOM

Energy & Power




Microcontroller ADuC7026

Embedded Systems
ARM7TDMI

Olimex Development Platform
Keil-Uvision Develoment Enviroment

FUNCTIONAL BLOCK DIAGRAM

ADuC7026™

ARM7TDMI-BASED MCU WITH
ADDITIONAL PERIPHERALS

Figure 1
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Fault Detection using the microcontroller(1)

Ordinance
Sampling rate

Variable Number of channels with variable depth of analysis
Data flow

Possibility of locating
sensors on gearbox




Fault Detection using the microcontroller(2)

m  Code Structure

m  Variables

m Data storage

® Functions & Processing

m  Sampling Functions

Yuvaptrnon dswypatoAnyiag:

__irq void IRQ_Handler(void)

r

L

Buffers[NA].Buffer[ADCCP][pos]=(ADCDAT >> 16}); /*anootolAn 1 Sziypatog®/
ADCCP=(ADCCP+1)%channels;

iffADCCP==0)pos=(pos+1)%COL;

if{ADCCP==0)&8&(pos==0))NA=(NA+1)%NOB;

return;




Fault Detection using the microcontroller(3)

m  Filter Design - Initialization - High frequency cut-off

Window

System startup
m CPU
m Timers
m Ports
m Interrupts
m ADC

m  Processing

m FFT
m  Scrambler
m Twindle Factors
m  Butterfly
m Reverse FFT
m  Cepstrum
m  Histogram
m Power & rms

m  Continuous production of average value of a large number of consecutively added numbers

m Control Function



Filter & cutting off high frequency
elements

m Matlab
] Filter1=fir1(9,0.001);

fvtool(Filterl):
void sortFIR|void)

in=0:addup=0;
{ {EmAoyn buffer

for(m=0;m<COL; m++|
_|
fn'-r[i=l3'i-='chann:-13'i++I
|

iur[k (bufferlength-1);k=0;k--|{Array[i].data[k]=Array[i].data[k-1];} /[ Ohkiofinon

Arraw,[l] data[0]=Buffers[j].Bu I; [/ TonoBetnonon oty Gopy Gebopévev
ffa

J/nepaopa tipdw

Array[i].Glm]=addup;
addup 0;

>> lowpass

lowpass =

0.0161 0.0379 0.0931 0.1559 0.1969 0.1969 0.1559 0.0931
0.0379 0.0161
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Simulation(1)

Simulation capability with keil uvision
Simulating inputs

m  Capability of verification of variable values and

data flow
m  Proper FFT operation
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Simulation(2)
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Simulation(3)

= Sinusoidal signal with noise:

o Setup Mindhas

e o i i

[ T T
4125000 5

417

[
E000 s

*

Channel] 0O 1]
O] 15418] 154419
1] 40665 4150,835)
2| 21964] 2226635
3] 2455,5] 2464,B47]
4] 04B1] 144,1399]
5] 2575,9] 2585461
6] 3418,7] 3428,3485]
7] 1862,9] 1880781
| B| 4062,8] 4069,9185]
9] 479.37] 813,0291]
10| 21954] 2199,5285]
| 11] 5260,5] 5270,973]
12| o0,6152] 138,2589)
| 13] 2400,7] 2406,1185]
| 14] 3417,8] 3460,375]
15| 6161,3] 6212,131)
| [oH: |50 Hz noised |
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Simulation(4)
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Simulation(5)

B Monitoring & Control Paorots @'i

m Standard values GPIO Confiquration & D ata
GP3DAT: (MESIZR
31 Bits 24

m [.ed activation Direction: v v v v ]v v
23 Bits 16
Output: | T 1 1T 1
15 Bits .

= Using the power variable

At Reset: [vIv v [v [v]viviv
7 Bits 1]
Input T T T T T T T I+

1/0 Ping— i ]
- i Itz
0TI T




Conclusions

m Piezoelectric transducers

m Suitable to be used as sensors

m System Monitoring

= Condition diagnosis
= Timely repair
® Fault detection

= System type recognition

m Keil-Uvision
= Capability of developing and simlating application
= Inputs Simulation

m Peripherals Simulation



Thank you for your
attention.



