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ESTIMATION/ARTIFICIAL NEURAL NETWORK/BLOWER/VIBRATION/

PI SERVO SYSTEM

Blowers are rotary machines used to ventilate or dehumidify. Which has a
working range at high speed which will work continuously. This requires good
maintenance to prevent fatigue or damage to structures or parts. That causes the rotating
machinery to unbalance in rotation, which causes the mechanical structure to wear out
earlier than usual, Machine performance decreases, Power consumption, Cost of
maintenance and time-consuming repairs. This research proposes a speed control
system that can estimate the rating of blower vibration caused by rotational imbalance.
By using a servo controller in conjunction with an observer. For estimating system
status variables-instead of installing measuring devices., By using the data of the
obtained state variables to estimate the vibratior levels-of the blower, divided according
to the ISO 10816 standard, the neural network model was applied to classify the three
vibration groups as follows Good (0.28 - 0.71 mm/s), Satisfactory (0.72 - 1.80 mm/s)
and Unsatisfactory (1.81 - 4.50 mm/s). By comparing the difference between two, three,
and four inputs with a different number of hidden layers, two models were used for the
trainer, the Levenberg marquardt algorithm and the Scaled conjugate gradient, to find

the model with accuracy. The highest it was found that the four-input neural network



model. At 30 hidden layers and the Levenberg marquardt algorithm, the highest

accuracy is 98.9%.
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(State feedback gain, K) §4135n13%1A1981a1835 11198 UV0Ia UDITV0I HoAADS U U
o [ o ] 2 Aas ) A (Y] 9 9 1
Fmsuminad i Ina (Ackermann’s Formula) #4535 M3udaunsn midudeuslade

3 o [ o {
Ua’r)ﬂ“lﬂazuﬂiuﬁm@mﬂlmiwumugmLzuuﬂauﬂaumuﬂiﬁmuz muﬁﬂﬂugﬂ‘ﬁ 2.7

SETUY 0
o(t y
u_”) x = Ax+ Bu ad c
u=-Kx
MAIUN

d‘ v e
gﬂ‘ﬂ 2.7 §$1JiJf"I’JiJﬂ‘llLHJTJﬂ’E]Uﬂﬂ‘UG]’JLLTJiﬁﬂ"IH%
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] 1 1 o
anuaauny 14 (Controllability) 93 UuenDInNNaINITANAIUAN IABE 19T LY Tl

&1 2 nasudula 9 musamdyanavuiidluly1d Avzdedunlsaomzisudulyl

v W

A 9y = v A 9 1 A ] @ =
ﬂ\i@]’)ilﬂiﬁﬂ1ﬂ$ﬂl3ﬁ11@fﬂﬂ18 1“ﬂ'iﬂ!i$‘U‘UWﬁ’JﬂL“If\‘lLﬁllL’JﬁW]E)LqulliJLLﬂiWuﬂ13J!,’Ja1ﬂ$3J

A

H ° =3 4 . ey .
Sou'ly Negildianinaruquld Naetilie determinant Y93 controllability matrix (P,)

[ - 4 a 4 1w a L4 o {
"lmmﬂug{uaw% Rank ﬂl@ﬁluﬂﬁﬂ“ﬁﬁg’lj@%ﬂWﬂu n UNINY P, HEANAIANNITN 2.1

P.=[B:AB:..: A" 2.1)
Tagiszuurzlanimaiuguld (Controllability) AAoliio det P,=[B: AB: ...} A™'B]
# 0130 rank[B AB: ...  A"B]=n

o . ~ { [ 9
’G’fﬂ'lWﬁ\‘]Lﬂ@]ul@gf (Observablhty) ﬁ@ ﬂf]'lll’(?ﬂll'liﬂ%5811J°L|ﬂ’)1|ﬂ‘3Jﬁ"liJ'liﬂﬁilzﬁQm@ﬂJﬂﬂslja
, o Ao Y Yy A oA ¥ a ] o
AN € "lJ’0\353UU%Wﬂ@?LLﬂﬁﬁﬂ?u%ﬂ'}ﬂ]’lﬂ Iﬂﬂi“ﬂlﬂﬁ@\‘lﬂ@@]iflﬁ]g (Sensor) YUANY €] HINIIN

9 o 2 [l [ Y @ VY A =) wa
euay,amuﬂfmamzuam%‘luﬁmﬁﬂm%nﬂmuﬂi LLG]ﬂ1iZTJ1Jﬂﬂ’JUﬂ113Jﬂmﬁ3J1JG]

v
=)

1Y 1 [ Y o Y 1 LY
anudunald naasinnindeyanialasuisoiwnainalszuaaidulsaniug
(State Observer) I8 #11150A5 19 AP UAMANUAAIIWTUNA |A (Observability) 18 Iagns
a a 4 ] [ Y o a 4
WNTUUUNINFANUTUNATA (Observability matrix , P,) THIMIAUFUE 1130 Rank YouuN3 N

1T W a 4 1
AOUMN n wning P, uaasluaunsn 2.2

CA (2.2)

detP, =| .. #0  #30 rank(P,) = n

3 2 a 1 Q) 4 : o J
mseonuuuzimualddyanudiddianugud ¢ = 0) Fazih 1 1dan

Ty unIuan Ao
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X
u=—Kx=—k Kk, ... k]| 23)

X

n

{ <3 A 2 v o v
Tagnnaunsi 2.3 HUNATATIVEY K %ﬁumﬁﬂmmaummmuﬂiﬁmumm

Wowvanaumsunumaunsn 2.3 asluaumsvesssuy fﬂgulﬁ}

%(t) = AX(t) — BKx (2.42)

%(t) = (A— BK)x (2.4b)

9
[ Y [

iy dedagtaumsn 2.4b luTawuanudez'ld

det(sl —-(A—BK))=0 (2.5)

A a 4 @ 4
1 AD ININFONANH

TAgN500NUUUFANIUAN AD NTHIAIOATIVEIY K N THTINV0ITUMT YUY

= 9y A a A
UHANDUAUDIAINADING 1AgN151a0n INavesszuula Ao (s +p,) (s + p,) (s+py) ...... (s+p,)

9 '
N INUU %qﬁmammm K Iﬂﬂﬂﬁﬂ.ﬁﬂ”ﬂl‘ﬁEJ“]JﬁﬂJ‘]J'iSﬁV]TJ“IIi’Nﬁ?JﬂﬁWHu”IﬂJ TagauI9e

9
=

J 4
aamm1Jsz‘mJmuqummaﬂﬂﬁmszuamq Iﬂfl(lclgf}ﬁllﬂﬁﬁllﬂ\i LAAADILUNY (Ackermann’s

9
Formula) dm5ufuimmia Taoudasasil Ae dvualiszuveglugzives State space model

NUNUMAYYIUAIVANMINTUNIN 2.4b TAgD1IN

X(t)=(A-BK)x  fvuali A= A-BK



13

= [ A 9 A
FITUNITAUANHUSVDITSUUNADINIG AD

sS"+as"t+as"+...+a S+a. =0 (2.6)
1 2 n-1 0
11NN BHUDI Cayley—Hamilton 9% IaAaunIsh 2.7

dA)=A"+ o, A+ +a, A+al=0 @.7)

a 4 a A v v g 1 ~ {
TumsImsiziazauya liszunlouauiv 2 uazunual A= A-BK Tuaumsi 2.6

g

A= A-BK
A? = (A-BK)? = A2 - ABK — BKA
unuasluaus 2.5 fai
A+ a A+ a,l = ol + oA+ A? =, BK — ABK —BKA 2.8)

1 Y '
Wo15aaunIsh 2.7 92Ny ol +o, A+ A* =¢(A) =0 deriusgwuii e

#(A) =0 az'lddaaunsi 2.9 Ao

#(A) = B(a,K +, KA+ KA?) + AB(e,K + KA) + A?BK

K + KA
:[B|AB][%K+ } (2.9)
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= a 4 A a oA 9 A a ad
FUUNINY [B | AB] AD LiJ“I/lﬁﬂ“ﬁﬂi‘lﬁ@]ﬁ?%ﬁ@ﬂﬁﬂ?Wﬂ’JUﬂN NAUNIIN 2.9 AUDUNITH

a o ¥ ) A v
VDUNNTNG [B | AB] MIADIVNUDIANUNITN 2.9 %31@

[B] ABI"#(A) = “1KK+ KA 2.10
WIRUNBATIVNE K 9z Idanmsii [0 1] ﬂmanmiﬁ 2.10 F4fifio

K=[0 1][B|AB]"#(A) (2.11)
iaiiloszunfisusuniiy » Agunsafuiadldannaumsii 2.12

K=[00-- 1][B| AB|---A""B] "¢(A) (2.12)

U W
2.8 AIAUNA
ya v W . A
nMseenuUUIzUUAIUAY Tagl9IEMsfoundualnilsaniug (State variable) A107
' g < ' @ S @
1&na1undniu azmumIeonuuuaIAIuANILIz Aoz NoUA8Y oY INT Ry 101

oIl sanIuzNNAUeIIZUY (U =—Kx) Fegauunuainsiadeyaninaiuilsanius

A o o I Y 9 AN o @ A A o
vsodganannau il Idneudieen Taemmzszuuniouaugarsoluueszuuiia

U

[

ya Y 2 1 Y1 J 9 @ v & a dyzﬁ @ 1
"lﬂﬂmi]i]mmmﬂm%m&ﬂ@uﬂnﬁqﬂumim AIUUNINIVBNVI0D ALV UAIYTTUIUAT
o v v 3 1w o ]

WsEDULUUVOUA LA (Full-order state estimator) %zﬂszmmmmuﬂuﬁamznﬂﬁ’ﬂﬁu
9

nanua Tagihdoyavesdygravessiulsaoiuzundndwisodalanudyagraduna

nduin lTuszuunlFlumsdszanamaunlsaamzdmnar lninaasaagili 2.8
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TV

u(i[ x=Ax+ Bu i—'x(r) C y(i)

X(1)

-K

A

517 2.8 Mmvguuuuieundudilsaniuzimnudrduna

2.8.1  MITUNADUAVIAN

o 1w v v a
MsonuuuaIlszinamaudsaousuuouaUAY (Full-order estimation)

Zhe
)
ee
=,

9
1w o (IR o J
msdsznamdygadniuzgnad lninamua Taglddoyavesdnygranerdnaiig

R o a A1 9 o Y A& o
arndalauaz dyarusunandudn ) luseuy aumsszuummnsahuiidudalszanu
1 W v W 1 @ =
mamlsaauzvoadniueald uailumsiszualudhvuzrauila (Open-loop estimation)
]

iy mydsznamdlsaniuzvesszunidesmsnruguazlouaglugiuuy State Space

A
Form A®

X=Ax+Bu (2.13)

v [

d'd 1 v A dy
200 QLﬂGl‘ﬂilﬁ'J‘L!ﬂ’E]‘L!ﬂﬁﬂhgﬂllﬂﬂﬂ\‘lu

x=Ax+Bu+L(y—Cx) (2.14)
tﬂ' A a d o Y
13 L A9 IWNITNFOAT1VINIUDIAITUNN [12x1]

x Ao MAWTAAAVBIAITUNG [1x1]

[

o T Aa T @ 9 dy
ﬂﬁ’il!ﬂﬂ"lNﬂWﬁ"lﬂ‘iJ’f)\iﬂﬁﬂizﬂ"lmﬂ"mﬁmﬂiﬁﬂ1u$hlﬂ JU

e=x—-x (2.15)
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MaumMsN 2.13 audrgaumsn 2.14 az'ld
x—Xx=Ax+Bu—{Ax+Bu+L(y—Cx)} (2.16)
dagilaumsh 2.16 9218

e=(A4-LC)e (2.17)

o

HDAIANULANAIUDY X — X — 09z ldannuRanaIaveIdlsan1us

[

{ o Y a v o T W 4 o o 1 @
ﬁ’JﬂhlﬂﬂWﬂi%“]J’Uﬁ]i\illﬁgﬁﬁﬁ\‘llﬂmﬂiﬂﬂﬂuﬂ i]31/]11ﬁ)ﬁﬂﬁilﬂ@ﬁi3J1iﬂﬂ‘§$3ﬂmﬂ'lelJENG]’Juﬂi

Ay ) (% Y = a a < A
qAO1US Glu‘i%‘]J‘lJ‘VIGlENﬂ1§1/]1ﬂ15ﬁ\‘11,ﬂ§5111ﬂ681\111ﬂ53?ﬁ/l‘ﬁﬂTW Uaﬁlﬂklﬂﬁlgllﬂiuﬂlﬁlﬁizﬂﬂﬂu

v o

drduna uaaedagln 2.9

{ ¢ ¥(1)
Lt()——"J'C:AerBuIX() o

System
e(t)

_ (1)
X =Ax+ Bu c

Y ()

S o

= < A o
517 2.9 vaen laezunsuussszuUNTAITUNA
Q’J A LY

2.9 NIFaHATINOUNVUUNIAY

MITUALINOUUVVITIAY (Force vibration) A9 MTTUVBITLUVNNAINUTINTLIN

o ! o a o <} ]

AOUDNNITZMIADTZUD 1ABLITINTZHID1992NAINNITHINIUYBITZUDLOIN IR 151
msdudziiouninanu liaugaveuniodnsinanInmsnyu msdudziiounuuLiny

A v 2 o q ¥a Y A ) A v A Yy Y =
3JNaG]’EJ‘lfuﬁ"Ju’éJﬁ]%$ﬂﬂﬂlﬂﬂﬂ’ﬂlla1Wiﬂiﬂiﬂﬂ510ﬂlﬂﬂlﬂiflﬂ%ﬂiLﬁ'fl"rﬂflulﬂ SHIDTAITUDUDN

1 H v H Y
Lli\‘]ﬁﬂ‘igﬁWI’ﬂig‘UUﬂ‘Uﬂ’J']lla‘ﬁﬁilﬂﬂﬂsll@\iigUﬂﬁjﬂﬂﬂu mﬁauamﬁauﬁmwﬁmzﬁmum
o d‘ é = o = dyl < 9 [ glJ a oA
MIAUNGI FIVSLTINNITAUASINDUUI “NITAUND (Resonance)”muu“lumqﬂ;]mms

PONUUVIATDITNITAITILHANABINIIFUNDIVOITLUY FINTTULVVTIAVAINIT DL
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<3| | ) 4 a Ay 1A ' @ 4 A
@ﬂﬂ!fl]u 2 BUA AD mi’e’fmm‘umﬂm&ﬂﬁﬂlaﬁzuuwlluumnmuaﬂuazmiﬁuu‘uuEﬂiTuuﬂﬁ
ti'd 1
UDNIZUUNUAINUNUN
o dJ a ¢ Ay 1 v
2.9.1 m'im&u‘u‘Ué’n'ﬂuunﬁﬂlm’izuuﬁluummﬂu’m

o A Ay 1A ' = o Y
miﬁuﬁzm’Elml’EN5z‘mm"lmenmuNmmiﬂmﬂmmumam‘mﬂﬂahlﬂ

Taelduna, a3 uazusenszsiminmenen uaaslugdi 2.10

mg

—

X

= fox
k F(t)ZP;)cosrot
m |—

| FO)

A o o a < A (=Y 1
g‘lh/] 2.10 ﬂ'l‘iﬁuLL‘]J‘]JﬁWiTJJUﬂﬁGU’ENigUU‘Wllllllﬂ')'lll’l’iu’N

wasausInszivnmenen az la

F(t)=F, coswt (2.18)
RIANgueail 2 veaiau a2 1kasmvewsaiinszihdenaalufiama x

mi + kx = F cos ot (2.19)

Iﬂﬂﬁ1h1iﬂﬁ1ﬂ31ﬂaﬁiin%1a"1}@ﬁi%ﬂﬂvlﬁ}ﬁnﬂ

w = [— (2.20)
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o is a d 4
292 MIFUUVUSSTNUNTVDITZTUVUVUNNANNHUI
o A ~ = [l = o 9
MIduazmouveaszuun luianunueamsasunuudiasinienala

Taeld ua, @139, daming uazusenszsmnmenen uaaslugli 2.11

m

lF(r) = F, coswt

A o o a A '
qﬁl‘]_h’] 2.11 ﬂ1ﬁﬁulllﬂl?J’]ﬁTlluﬂﬁsllf]\iﬁgﬂﬂllﬂﬂﬂﬂﬂ’nuﬁujq

NNTUWTINTLINNNNEUDN 92 19

F(t)=F, cosot 2.21)
2INNYVeTl 2 ¥eaiadu a2 1dnasmveausafinszihdeudaludfiam x

myx +cx + kx = F, cos wt (2.22)

Iﬂﬂﬁ'”llﬂﬁﬂ“l’ﬂﬂ’ﬂlla‘ﬁiillﬂf"lasllﬂd33‘1J°]J]1§9]ji]"lﬂ

k c
0 = /— , §= (2.23)
" m 2ma@,

210 analiangaveansviyy

A liiaugaveansnyy (Rotating unbalance) ¥ouns093ns i IMinaussduaziion

Y 1]
niziaeszuy A bigugasiaialiuainnislsenoudiuveuniesdins luldarumun
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A o A 1 A [ [~ A o = o [
ununiivua wsevuravesdiudsznowaiesins iduldauidivua gaiildg

myduazouinannanuy luaugalumsvyu

), m

JUM 2.12 uwunwnaasnnu ldaugavesnsvyu
VINUHUMNLDUTIa0IANN I augavesnsvyy awdalugdn 2.12 waaliduga

1 J 1 1w { 4 o
(m) 53EJZWN%Wﬂf'f‘LlEJﬂﬁNﬂWTVilqlua\ﬂJ’Jﬁulllﬁllﬂﬁ INY e LUAT LA a)rﬂ’ﬂila"llﬁ]\im%@\mﬂi

té d' a ds@l 1 =)
Gluﬂ'ﬁ“ﬂlqlu G]NLljQﬂlﬂ@ﬂlucluu@agllujllﬂu o
R =ma_ :—mea)f sin@=— mea)r2 sin ¢ (2.24)

X

2 2
R, =ma, =—me®_ cos O=—mew coswt (2.25)

2.
mea  sia@ t
r r

x(t I
(I)_ l

M
1

517 2.13 npuiieeanmenmvesszuDANN IaugaveINTHIYY
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A o ) A v A A A

W%1511‘!19\1'(333Mﬂlﬂﬂllﬁﬂiulluﬂllﬂuﬂ\1 (x) ﬂ\u!ﬁﬂ\iﬁlugﬂﬂ 2.13 ﬁ]gllﬂﬁuﬂ1§ﬂ']3lﬂaﬂu°ﬂ o
. . 2

MX +cx +kx = me®_ sin@ t (2.26)

NUN vavensInnsziuilesninanuludugalumsvyuasuniosingez
[ Y 2 a A o ]
NNy me@ mezlfﬂafJu!,L‘iJmeuuMGUfNLLN‘VIﬂi31/11”1‘1]@113Jﬂ31ugiaﬁaumﬁmgwum

4 Y [ g/J { [ v
Lﬂ%@\?ﬂﬂﬁ muuwamaﬂmmﬁnmiﬁ 2.26 ﬁmuzmm%"lﬂwamaﬂ ﬁ@

x(1) = Xsin(w t —a) (2.27)
Taoh r=—2

2
me r

M \Ja—r?)+@¢n)
1 2¢r

2
1—r

X
2

o =tan

d o o A
2.11 Qﬂﬂiﬂ!?ﬂﬂ]ﬁﬁﬂﬁ%lﬂﬂu

v
[ [ [

a SAq Yo A ] < A a 4
Vlimmmﬂswsl%ﬁmiummiﬁuﬁzm@u nugeendu 2 Uszian Ao ns1uaIKs0S

v
(2 o

[ a [ @ a J v
aduIudUasINoUs AT U (Contact vibration transducer) QNI IUAILEDIIANTT

g g

A a

v 4
Fuaziouria ludusia (Non - contact vibration transducer) frsuuITeaznaDaiiean

a J v o o A a v o ] g’z A I a 4 ~Aq ¥
FTIUAULDIIATUUIUTUFASINOUFUATUNTINIUY L‘Ll'f)\ﬁ]"lﬂl‘]Juﬂi?uﬂ]t%@iﬂﬁzlﬂ‘ﬂ‘ﬂ15]5

v
o

av a Jd o Y @ I v
QTU?%&I@&VI?TH@]LW@??@ﬂTi uamﬁ@ummiaLsmaﬂymzmi’mllﬁlﬂu 3anbwue ﬁi’)

v o

a 4 < [
L. NIUAUEDIIATY u”lmﬂ”liﬁuﬁzLﬁ@uu‘]J‘]Jﬂ”liﬂSZﬁ]ﬂ (Displacement transducer)
[ o a J A dy 9 [ d' o d’d
Wanmsmauveanswansesyiailaz ldndanmamiieniinszua ldihaesvaaranidl
[] < 4 [ 1 Y] { o ] < {
avwiman i Weszezvieszniatagulasu lsgsh Idauuuiman lwihalaeunas
<3 o Y ° < o Y
ihudadiuiuszeznie awnsaduiaeeniuszezmsniziala
a v W ] 3 .
2. NIUANFRITAdYAIUNTAUALINOULVDAIINITI (Velocity transducer)

o o a s Aa e 4 < 4 { o 1 [ <
NaANNIINMNIUUDN mmmw’aﬁ%uﬂﬁ Lﬁaﬁmiﬁumm’m%Lﬂﬁauﬁﬂﬂmuﬁmmmmaﬂ
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[

~ ° Y a ' o o 2 Y a o o & A
Llﬁglﬁuﬂjuqﬁlﬁlﬂﬂﬂj'lﬂﬁ']\?m@\jﬁﬂﬂu],WT;’\hmu m@ﬂm@ﬂﬁ??ﬂﬁﬂgq}l1mﬂ1ﬁﬁuﬁ$Wlﬂu

9 1

3 A o £y Y A A a A %
LUUAITULTI AD mmaamammﬂ%ﬁmwumaauwuqmwﬂuqﬂﬂ LL@]LH@Q%WﬂﬁlGD'

U

' < o = ] @ o 4 o A
ﬁu’]llllillﬂaﬂGlUﬂ'lﬁﬂ'N']LlellllﬁiJ"wﬂUﬂTﬁ?ﬂN@L@@iUlwﬂ'lﬂigLLﬁﬁaU‘Uu’lﬂﬁlﬁﬂJﬂﬁﬂ

vinaiitlaumimanlviheg1ng

xxxxxxxxxxxxxxx

{ a v o o ]
717 2.14 n5uduwes Iadyanamsduaziiounuua NG

QU

Tagn (1) Pick up Case (2) Wire Coil (3) Damper (4) Mass (5) Spring a1 (6) Magnet
a d v o o 1 [
1. ﬂi?u@jlmﬂi'ﬂﬂﬁﬁym’lmﬂ'ﬁﬁuﬁglﬁﬂuuﬂﬂﬂj'lﬂliﬁ (Accelerometer) n“annig
o a P dy A~ o w A ] v o A A
NINTUUDINITTUAWEDIBUAU LUDULLIININTEN UiJ'Jan]gﬂ’lﬂGlUW'J'ﬂﬂ N?ﬁﬂglﬂaﬂ’l'!ﬂllﬂﬂﬂ

(%

1 a I [ A o [
1HY Piezoelectric disk tnattuussau Iilieonur useau lvihndaldazdaunusotios

49! Jdou o <

Yupgnuvuansduazifion Yo0Rv0INI 1UANTS IAT Yy B MTTUTZTOUIUDAITS

o9

1Y 4 A A ' ~ 1Y
awnsaldanunuglnsaivieusnaniiaus Tl d Teennudlumsiante iegniay

<
UANMULVATINUNIY

29958dnnseiinddwiu

Yedne

Piezoelectric element

a S o 1
gﬂﬁ 2.15 mmmwamﬂﬁtymuwmmiﬁuﬁmﬁammummm
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212 NAs§IuveImsduaziiion

A o J

<3| A o 49! A Y a wva
wasgruilunguienanmusiniiuayun e 1duuiniensd{iia la

a a v 4

Y Y 1 Y
Tudianudeadn seilme 19 iagay, vaadus, nszuIun1s nTouTNTA1e 9 Asoguu
s o & av Ao Yo o Y a '

ANaAeInY Baluaddetiinasg v SO nl9d11iud19ee Tasuiasgiu 1SO doun
. . . . . =2 d Aq Yo 3 A

910 International Organization for Standardization Fuiluuiag 3 1wnlgnunaTanuaziiun

[ [ a [ A A 9 o o A 9)di 1

gousuluszauuund ludiuvesnasgiuimerdosnumsduazimouss 14%991 “I1SO
] ] @ IS ] A . A A

10816” Tagazitaniionisineemily 3 ¥i1e Ao 1) 5282119 (Displacement) D 528NN

4 Y] 4 { 1 . . [l { A I [l
inToinTnasui lunsazsounnganilelisnaanila (Peak to Peak) wiineNdion1Hiluwing
v 1
ANV TUTTUVINATH (W, HID FU. 1Az HI) wmuzamsumsiamsauaziouly

] A o 1 A 1 =1 <3 ) . A 3 A
PFINAIIUAAINI 10 Hz 1159 600 59UADUIN 2) ﬂ’JﬁJLﬁ’JﬁluﬂWﬁﬁu (Velocity) 1D AU IN

v
[ @

A [ A 1 a I 1 1 A 9
1N3099NIHIR IR AU Iuugaz oy TaeazWarsauiual RMS (Root Mean Square) ®il 28 14
8 a { ) @ [ ) H HES
1934 mm/s, em/s, inch/s 33N HIZHIIEA ST UNTIANMITUazMouNANNda109)1unae
10 Hz 849 1,000 Hz %1590 600 99 60,000 38UADUIN 3) AI1ULTI (Acceleration) A® DATINT
{ <3 o ] I ) o @
nasunlasnnusivesnnuduazmouuueiy mm/s’, mm/s’, frs” (MuIEd MU Ia
1 Aa A 2’/ 1 A 1 dé’ A [ ~ Y a o dyd
Tugenfinudgeaua 1,000 Hz %50 60,000 souaauiiau 1) nieednsildluauideii
3 o 1 [ = A = 1 ~ Y 9
ANI5ITA0Y 119 10 Hz D9 1,000 Hz H30 600 D3 60,000 50UADUIN A0 151105511
1 < o { . o [ 4 @ I
Tudruvesanuizlumsdu (Velocity) naaalugii 2.16 Ge9zvnoglunsoavnsvunaan
(Small machines) 1A87A9INA1G9UDUATOITNT FINIATFIUILHUINGUVDINTAUAZITNOU
I 1
oonilu 4 nQu A9 Good (0.28 -0.71 mm/sec), Satisfactory (0.72 - 1.80 mm/sec), Unsatisfactory

(1.81 - 4.50 mm/sec) 11a2 Unacceptable (4.51 - 45.0 mm/sec) lagluanuisetiagiinisnaaoeds

9
B¥I9UDN Unsatisfactory [NI1UY
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VIBRATION SEVERITY PER I1SO 10816

Machine Class | Class Il Class 1l Class IV
small medium large rigid | large soft
inls | mm/s| machines machines | foundation | foundation

0.01] 0.28
0.02| 0.45
0.03] 0.7
0.04] 1.12
0.07] 1.80
0.11] 2.80
0.18] 4.50
0.28| 7.10 unsa ry
0.44] 11.2
0.70 18.0
0.71] 28.0
1.101 45.0

Class I machines may be separate driver, or coupled units comprising operating machinery up to approximately 15 kW.

Vibration Velocity Vrms

Class IT machinery (electrical motor 15 kW to 75 kW), without special foundation, or Rigidly mounted engines or machines
up to 300 kW mounted on special foundations.

Class III machines are large prime movers and other large machinery with large rotating assemblies mounted on rigid and
heavy foundation which are reasonable stiff in the direction of vibration.

Claszs IV includes large prime movers and other large machinery with large rotating assemblies mounted on foundation

which are relatively soft in the direction of the measured vibration (i.e., turbine generators and gas turbines greater than 10

MW output)
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3. Reinforcement learning
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Machine Learning

Unsupervised Learning

Supervised Learning

Classification

Clustering

Regression

A:; = 9 d‘ (%
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MAa9e03 (Root mean square, RMS), A1A2114 Taquntoya (Kurtosis) LAZA10ATIAIUAIZIHA
ADANAY (Crest factor) LAAIAIETNNITN 2.28 - 2.31 MWA1AY

- mANuDsAUNIATIU

(2.28)
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RMS = (2.23)
- manulag

Kurtosis = —2 3 (2.30)

- ABATIAIUAIGIGAADA IR DAY
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Crest factor =——— (2.31)
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Predicted Class
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V, = Armature Voltage (V) J,, = Moment of inertia (kg.mz)
I, = Armature current (A) R, = Armature resistance ({))

o = Rotation speed (rad/s) e, = Back electromotive force voltage (V)
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K = Torque coefficient (N.m/A) T, =Motor torque (N.m)
L, = Armature inductance (H) B,, = Coefficient of viscous friction (N.m.s/rad)
K, = Back electromotive force coefficient (V.s/rad)
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T, () =Kii,(t) (3.5)
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INPUT
TRAINING | HIDDEN | TIME EPOCH ACCURACY
DATA
— CURRENT + ERROR + RPM +VOLTAGE 10 0.01 16 98.50%
E CURRENT + ERROR + RPM +VOLTAGE 20 0.01 14 98.50%
v CURRENT + ERROR + RPM +VOLTAGE 30 0.01 12 98.90%
CURRENT+ ERROR + RPM 0.02 17 97.90%
CURRENT+ ERROR + VOLTAGE [é 0.001 15 96.60%
CURRENT + RPM + VOLTAGE g \ 0.01 12 74.40%
ERROR + RPM +VOLTAGE % 0.001 10 93.30%
CURRENT+ ERROR + RPM i 0.01 12 98.10%
; CURRENT+ ERROR + VOLTAGE g Y 0.01 20 97.90%
- CURRENT + RPM + VOLTAGE ;—1 0.01 10 79.60%
ERROR + RPM +VOLTAGE = 0.01 14 96.00%
CURRENT+ ERROR +RPM 0.01 14 97.70%
CURRENT+ ERROR + VOLTAGE 0.01 10 96.20%
CURRENT + RPM + VOLTAGE ¥ 0.01 11 81.90%
ERROR + RPM +VOLTAGE 0.01 15 95.80%
CURRENT + ERROR 0.01 15 96.00%
CURRENT + RPM 0.01 13 73.70%
CURRENT + VOLTAGE 0.001 13 74.60%
ERROR + RPM 1 0.01 14 93.90%
§ ERROR + VOLTAGE 0.01 17 93.10%
E RPM + VOLTAGE 0.01 12 55.30%
CURRENT + ERROR 0.01 15 96.40%
CURRENT + RPM 0.01 13 71.80%
CURRENT + VOLTAGE 2 0.02 16 77.90%
ERROR + RPM 0.01 15 92.60%




76

A = Y [ 1 = [
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INPUT
TRAINING | HIDDEN | TIME | EPOCH | ACCURACY
DATA

ERROR + VOLTAGE 0.01 12 90.50%
RPM + VOLTAGE 0.02 16 62.00%
CURRENT + ERROR 0.03 28 97.70%
§ CURRENT + RPM 0.01 9 74.80%
Z | CURRENT + VOLTAGE 0.01 12 78.60%
ERROR + RPM 0 0.02 18 96.20%
ERROR + VOLTAGE 0.01 9 90.10%
RPM + VOLTAGE 0.01 9 56.30%
.| CURRENT + ERROR + RPM +VOLTAGE 10 0.02 26 95.60%
E CURRENT + ERROR + RPM +VOLTAGE 20 0.01 23 96.80%
¥ | CURRENT + ERROR + RPM +VOLTAGE 30 0.001 21 96.60%
CURRENT+ ERROR + RPM 0.02 34 96.40%
CURRENT+ ERROR + VOLTAGE % 0.01 16 93.30%
CURRENT + RPM + VOLTAGE g 0 0.001 17 71.60%
ERROR + RPM +VOLTAGE ; 0.001 20 93.50%
CURRENT+ ERROR + RPM § 0.05 47 97.70%
E CURRENT+ ERROR + VOLTAGE % ) 0.02 ) 96.20%
£ | CURRENT + RPM + VOLTAGE 0 0.001 26 75.60%
ERROR + RPM +VOLTAGE 5 0.01 12 90.80%
CURRENT+ ERROR + RPM - 0.01 15 92.90%
CURRENT+ ERROR + VOLTAGE 0.001 14 92.00%
CURRENT +RPM + VOLTAGE \ 0.04 34 76.10%
ERROR + RPM +VOLTAGE 0.001 14 92.90%
CURRENT # ERROR 0.001 40 95.20%
CURRENT + RPM 0.01 16 72.30%
CURRENT + VOLTAGE 0.02 23 72.90%
ERROR + RPM 1 0.001 2 90.30%
ERROR + VOLTAGE 0.01 25 91.60%
RPM + VOLTAGE 0.01 16 51.90%
DS_ CURRENT + ERROR 0.001 17 93.50%
& CURRENT + RPM 0.01 32 74.60%
CURRENT + VOLTAGE 0.01 2 66.40%
ERROR + RPM 2 0.02 17 89.90%
ERROR + VOLTAGE 0.001 2 90.80%
RPM + VOLTAGE 0.01 29 56.30%
CURRENT + ERROR 0.01 13 90.50%
CURRENT + RPM 0 0.01 27 72.90%
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INPUT
TRAINING | HIDDEN | TIME EPOCH ACCURACY
DATA
CURRENT + VOLTAGE 0.01 21 69.70%
ERROR + RPM 0.001 18 89.90%
ERROR + VOLTAGE 0.01 16 90.80%
RPM + VOLTAGE 0.01 14 49.60%
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%Standard deviation%
current_std=std(current);
error_std=std(error);
rpm_std=std(rpm);

voltage std=std(voltage);

%RMS%
current_rms=rms(current);
error_rms=rms(error);
rpm_rms=rms(rpm);

voltage rms=rms(voltage);

%Kurtosis%
current_kur=kurtosis(current);
error_kur=kurtosis(error);
rpm_kur=kurtosis(rpm);

voltage kur=kurtosis(voltage);

%Peak2rms%
current_cf=peak2rms(current);
error_cf=peak2rms(error);
rpm_cf=peak2rms(rpm);

voltage cf=peak2rms(voltage);
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% Solve a Pattern Recognition Problem with a Neural Network
% Script generated by Neural Pattern Recognition app

% Created 29-Jun-2020 18:09:06

%

% This script assumes these variables are defined:

%

% input - input data.

% target - target data.

X = input';

t = target';

% Choose a Training Function

% For a list of all training functions type: help nntrain

% 'trainlm’ is usually fastest.

% 'trainbr' takes longer but may be better for challenging problems.
% 'trainscg' uses less memory. Suitable in low memory situations.

trainFcn = 'trainlm';
9

% Create a Pattern Recognition Network
hiddenLayerSize = 20;

net = patternnet(hiddenLayerSize, trainFcn);
% Choose Input and Output Pre/Post-Processing Functions
% For a list of all processing functions type: help nnprocess

net.input.processFens = {'removeconstantrows','mapminmax'};

% Setup Division of Data for Training, Validation, Testing

95



% For a list of all data division functions type: help nndivision
net.divideFen = 'dividerand'; % Divide data randomly
net.divideMode = 'sample'; % Divide up every sample
net.divideParam.trainRatio = 70/100;
net.divideParam.valRatio = 15/100;

net.divideParam.testRatio = 15/100;

% Choose a Performance Function
% For a list of all performance functions type: help nnperformance

net.performFcn = 'crossentropy'; % Cross-Entropy

% Choose Plot Functions
% For a list of all plot functions type: help nnplot
net.plotFcens = {'plotperform','plottrainstate','ploterrhist’, ...

'plotconfusion', 'plotroc'} ;

% Train the Network

[net,tr] = train(net,x,t);

% Test the Network

y = net(x);

¢ = gsubtract(t,y);

performance = perform(net,t,y)
tind = vec2ind(t);

yind = vec2ind(y);

% Recalculate Training, Validation and Test Performance
trainTargets = t .* tr.trainMask {1};

valTargets = t .* tr.valMask{1};
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testTargets =t .* tr.testMask{1};
trainPerformance = perform(net,trainTargets,y)
valPerformance = perform(net,valTargets,y)

testPerformance = perform(net,testTargets,y)

% View the Network

view(net)

% Plots

% Uncomment these lines to enable various plots.
%figure, plotperform(tr)

%figure, plottrainstate(tr)

%figure, ploterrhist(e)

%figure, plotconfusion(t,y)

%figure, plotroc(t,y)

% Deployment
% Change the (false) values to (true) to enable the following code blocks.
% See the help for each generation function for more information.
if (false)
% Generate MATLAB function for neural network for application
% deployment in MATLAB scripts or with MATLAB Compiler and Builder
% tools, or simply to examine the calculations your trained neural
% network performs.
genFunction(net,'myNeuralNetworkFunction');
y = myNeuralNetworkFunction(x);
end
if (false)
% Generate a matrix-only MATLAB function for neural network code

% generation with MATLAB Coder tools.
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genFunction(net,'myNeuralNetworkFunction','MatrixOnly','yes');
y = myNeuralNetworkFunction(x);
end
if (false)
% Generate a Simulink diagram for simulation or deployment with.
% Simulink Coder tools.
gensim(net);

end
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