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ABSTRACT
TITLE : REAL-TIME MONITORING SYSTEM OF INDUCTION MOTOR
MISALIGNMENT
BY : PADUNG KITSAWANG
DEGREE : MASTER OF ENGINEERING
MAJOR : ELECTRICAL ENGINEERING
CHAIR : ASST. PROF. MONGKOL PUSAYATANONT, Ph. D.

KEYWORDS : MONITOING SYSTEM / MOTOR MISALIGNMENT / REAL-TIME

This thesis presents the real-time monitoring of three phase squirrel cage rotor
misalignment using stator current analysis in microcontroller. The analysis is performed in
positive phase sequence associated with dq0 — Park’s vector by considering Ia and Id. Relationship
of side band signal and misalignment level is determined and modeled using multiple linear
regression. In this thesis, the real-time monitoring system interfaced using personal computer is
programmed in LabView. It is found that the system can correctly detect and report misalignment

levels. Therefore, it can be implemented in practical.
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& 1 d A 4 o o [ a [ [Y P a a
Lﬂaammmaﬂﬂsmeﬁmﬂumsuaum‘vummnu AATUNITN (2.14) LAY (2.15) LARAAUNUIAY

Tuaianun ¥ [8]

© A
F@.,n), = ZF, cos(upf—w, 1) (2.14)

p=1
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w, = a){1+g—2g—’(l;sl] 2.15)
g p

o a A Y @ e ¢ & o 9 [ 4 oo
ﬂigllﬁﬁ'ﬁﬂﬂuﬂﬂqﬁﬁiullﬂﬂﬂju']cluiilﬁ'ﬁ]i "lNIilﬂ@i'ﬂ:ﬁi']\?ﬁu'lllllulﬁﬁﬂ‘ﬂﬂ

o v 1 o ¢ a o o o o .
AIULTI a, NIUFDIDINIARAYAAIATAABST (NANTATENUAVDINANFUUNEN (Air gap

flux density) dauaasluaumsf .16)
B(8,1)=A(0,1).F(0,1), (2.16)

{ 1 v @ 1 =] [} o
Taoa e A6, 1wUsLnouRNaTWAIMITUFUMUBIMANTIUTIUAT

uaaluaumsi (2.17)
A@G,1) = [AO +A,, cos(@)+ A, cos(0 - a)t)] (2.17)

UAUMEUMIT (2.14) uaz (2.17) Tugumsh (2.16) anurINuUUEULMAnN

ansauaaauaumslnun (2.18)

a0

A
B(0,1) =A0|:Z F cos(up6 — a)#t)} +
u=l )

Az“ 3 1?’ {cos[(xp +1)0 — @, 1] +cos[(1p —1)0 + 1] }j| + (2.18)
u=l

Ade
| 2

a)"

)]+ cos[(up —1)6 + (@, - E)—’-)t]}}
p p

i I/;,{cos[(,up +1)0— (o, +

P v o Y - Y a
NTUNITN (2.18) Llﬁﬂ\iﬁlﬂlﬂuﬂ’]illﬂﬂlaﬁﬂ@@lﬁulliﬂLlllWiﬁﬂ“ﬂ']clﬂlﬂﬂﬂ')'lﬂ

' 1 o [} {o o o v o [} [ 4
ﬁl\lﬂluuﬁu'llllllllﬂ'ﬁﬂclu‘lfﬂﬂﬁ]']ﬂ']ﬁﬁﬁﬂﬂﬂ‘ilﬂa'Jﬂﬁmm’f)ﬁ IﬂUlLUQ@@ﬂlﬂuﬁTNﬁ?uﬂﬂﬁ

= o/

1 1 o
(1) A NUAUMHUYITUINUUIHANNANUD UGN
[ b 4

1 1 o a o a
) ﬂ')'lﬂJﬂu“l.uu‘ilﬂQﬁu’]llllllLﬂﬁﬂﬁlﬂﬂ‘i]'lﬂﬂ'ﬁlﬁﬂ\?ﬂﬂﬂllﬂ'ﬂﬁllﬂﬂﬂ

b

] 1 o { a 4 a
(3) mm‘nunmummammmmaﬂﬁmﬂmﬂﬂmﬁmquéﬁmu"lﬂmm
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o o v Ja @ 14 Ad a A 0w
NTUNITN (2.18) ‘Vnﬂﬁ‘HW?JHW‘L.IﬁW]U‘flJﬂflJL')ﬁTllﬂﬂ’NﬂJﬂ‘V]LﬂﬂﬂﬁmLlU’)‘Lﬂﬂﬂ

AUNN (2.19)

Jna = L[(w# + & )} (2.19)
P
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A a =] o a o oo oA & v A =
LUDNAT UL UNEITITUDUNDUAUNH U Tﬂﬂllﬂuﬂ'lﬁllﬂ'liﬂ (2.15) ﬁ\ﬂﬂfﬂlﬂﬁ‘ﬂ

(2.19) vzuaas lddaTunisy (2.20)

Joee = [(kQ, tn,) =9, n]-fs (2.20)
P

! 4 1a 4 a y ' o o 4
mﬂ’dﬂJﬂﬁﬁ (2.20) Lﬁa"lnwmsmwmsuaunﬁwaﬂszwummmamuwaﬂsmm

gnsaou v ldaumsh 2.21)

Jeee = fiEmf, = fs[(lik)gﬁ] (2.21)
D

b4
Y

a Yy P ] 1 o A d’l 4
’mu15naﬁ‘mU"lﬂmamixﬂaﬂuuﬂawmaNmmﬁaummmﬂmiwmg{uuumz

v 1 o - ;g s -
TINDADVUIATYYIUANUDUDUVWNANND [, T f,

2.5 The dq0 Transformation

1 Y v
Tumsimsizvuemes Idunienih 3 waiulddnisinauensideuuas

s ] I 0 as v 1 -] P I PREA| 9/ [ 4
sUuuvveadl s Taunussdu nsyue uazdnduimaninendesihoidosiumanes
' @ { [ Y 2 A o v w {
WeglugdvesdudsinyuldreanusawiduanuisvesIsinesines9adulsi
= A a @ a 9/ 1 @ w d'
Wasuuasmuesmvesmsnyuveslsmes niiannaeiladesulaun Hivduilosnsin
4 v o 4 Ve ' o o

msryuvedlames uazilalvduioaunananuluminausvesmidauaus (Reluctance)

4 s ' o @ J
vaelsimes lasnmsulasasnainszilaemsutlasduilsarsgvesvaaia
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’q ¥ v 9/ o L4 o - & LY d v W L4
ﬂlﬂlﬂ@ﬁ‘lﬂﬂgﬁluﬂS'O'UB'N'E'NIi!ﬂ@ﬁllﬁﬂﬂﬂﬁﬂ?‘ﬂ‘ﬂ 2.9 °1N‘YiHuﬂ]Uﬂ??ﬂlﬁﬁlﬂﬂﬂﬂuﬂﬂiimﬂﬁ

o LY [ [ I'4
Huoe MsudasaanardSeniinsuilasisn (Park’s Transformation)

Axis of phase b Rotor direct
axis (id)
b

Rotor quadrature axi

(iq) %

Axis of phase a

Axis of phase ¢

M 2.9 msuaannnseuddsaumaluszuy abe Tugnsevdredalanluszuy dgo

{ a ° ¢ o 4 '
‘lﬂﬂﬂ'l‘Wﬁ 2.9 omnamsmuamﬁeﬂ%ummﬂszuﬁﬁmmasmmnemas 3
.. . o & s
e i, i, uway i uanvauzauas dunsoulasuunugiuvedosnlsynaunsua
3 . . { o [~
WANDTUULNU d (i) Uasunu g (zq)TmJﬁumuﬂu q sl vlunaunuy d Huyu 90
tﬁl A 1 3/ a
8971 (10 6, ADYUNTNYUTTNINMUMAY d uag unuondara A Tumsulasunuwes

dq 0 Mldumswasundasl@anaumsi (2.22) [19, 20]

-~

cos(6,,) cos| 6, - ZEJ cos| 0, + £
, 3 3
) 2 2 N
. : : m . r )
1' 1= 3] sin(6,,) - s1n((9me - Tj ~ sm(&me + —3—) z.b (2.22)
o 1 1 1 .
2 2 2 |

nnauAsh (2.22) Wumsudsnanseudeds abe Tgnsouddalaqlussuy
4 { o 1 = 3 o 1 Y a o
dq0 lunsainvemes IMfumilonhiimsdeaviimseadiuszyy dawaldifamaduues

o o ¢, @ -
NTTUTANAVGUY  {; AITUNITN (2.23)
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iy = %(i‘, +i,+1) (2.23)

{ J 1 o 1 '

Tunstinuomesauunasuazlinsaelwsuuuwad mSauuuansn hilimsde

twmseagszuy mnszud i, wiinuniiu o
a ) a 1 =
vnmsulasnseusinddemud abe Tgnseusredalaninyudisnnuis,
A J P o P 1 1 as A

ot luszuy dg0 Tunsdifvamesmieniitinsulasuulasyesineinaduiiosninns
A 7 o ' 0o q ¥ a ¢ a Aaw = Y A P
wosgudtuszdwaim vifassuetinidyauanuduoudananud £+ £, vesnszud

N d aanaaunisy (2.24),(2.25) uaz (2.26)

i, =1 cos(wt— a)+ i, cos(a)st -t — ﬂ,)

(2.24)
+i, cos(wt +wr—p.)
2 2
i, =1, cos(a)st -—a- ?ﬂj +i, cos(a)xt -w,t-f - T”]
' (2.25)
. 27
] +1i, cos(a)st +w,t-p, - T)
. 27\ . 2
i, =1,cos a)st—a+7 +i,cos ot -wt-p, +T
(2.26)

. 2
+i, cosf ot +w,t—p, +T

4 o . @
deold 6, =t vzldesdszneuvesnseualumuouny i, uazuuny i, fe

saaluaunsi (2.27) vazaunisn (2.28) mudiau

i _2 i,cos@, , +i,cos| O _2r +1i_cos 9me+2—ﬂ (2.27)
d 3 a me b me 3 c 3

" i, =- %[ia sind,, +1, sin(&me - -25”—) +i sin(@m + 23@) } (2.28)
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unuanszua Ivhaumaaums 2.24), (2.25) tag (2.26) luaumsn (2.27) uay

AuMIN (2.28) TRnadns Ay (2.29) tazarunsn (2.30) Airnan £ =0
i =1 (2.29)
i =0 (2.30)

. ) 3 .
lunsdiivewesvynluanizawa I8 6, =0t lRaumslni 231 uag

TUNI5N (2.32)

201, cos(2w t —a)+i, cos(Rot —w,t - ) 231)
M= 3| +i, cosQat+wt—p.) '
o 2 I, sin.(Za)st —a)+i,sinot -t -8) 2.32)
! 3| +i, sinQot+ot-p,)

~ ~ [ = J
MNAUAISH (2.31) uazaunsh (2.32) uaasalnasuveenszia dednllsenou
] b 4 ) ] 1
ANDRN 20, o, e o, =27f, 10y o, =27f, anseetuiglAllelinlasuniageing
o 4 3 JQ’: 4 a 1 Y a
pIMADUITvINMIsBoIguUiY tipuils91nnseud19es abe lilgnsoudiedelanluszu

dg0 sedawansvuIAdyIMANNDLaUT A ILE 27, + £,

2.6 mﬂlszmawn&’q;mumﬁ%mn (Digital Signal Processing)

2.6.1 M3FUAYAY IV (Sampling)

@ 3 = 9 =)

o d : U o d é
dyonui ldnndyanailudyanuesuaensauiludyguderiios dosil

) b 4
msqudganauie 11U1szuranadrnitasaeane 11l Aniunguimsqudyanalaszy1in

Y] dlal 1 9 = VoA P o A Y Y o A 3 Y P
Wyanuidesnsquizdosimsquiinnudgegan £, ineld ladgyananguiluaumui

(e 1}

D

b 4 ] ]
gnAesvesdyaiatiu anudveinmsgudosninnNaeurilvesdygungnguasaunis

(2.33)

S 2 2f (2.33)
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v o

4 a 4 > e e . o [ 4
Felumalfiainld £ >2.57  iNosasu@Ins09 Anti-aliasing d1915un2100

)

1 -4 @ d @ =] an
qegAu0en1squ £, szdiuduniuilavennssudasdyyisezurasniudiaoauay

QU a

: : 4 g

o A A Y a Y o dd 4
ANumIsaveIdlszutanamaenld d1nud £, geiundeutlasdyaransivuuay
=y 9 d?’ ) 19 9 ' ]
ﬂsmmmsuﬂaweyjaﬂxmﬂw Iﬂﬂnﬂ'ﬂ‘ﬁﬂ']51]551]’)210421119]218ﬂWIENH'E)Uﬂ')'ll')a'l‘ll’t)ﬂﬂ'li’CIiJ

AIFUNIT (2.34)

T < T (2.34)

Process s

2.6.2 M3uas FFT (Fast Fourier Transform)

msutlas FFT Wumsudasdyanai hidewlosnn Tamunanudyanm

o o

y Q/ { Q A L) -4
TuTamuanudnsonndyga luTawuanudiudyanalulauuna Flddasuiann

3
a a =

b4
= ° . . yvd -2 ]
11NIBATAIUIN DFT (Discrete Fourier Transform) ’Ims’muuazﬁﬂsmmmwmnwmw

a 4 o . g ‘ ad o 1 o A i
nd n1sudlas FFT Afie “nsfiuiss DFT 861527 a1dnatiuee #1391 FFT Wu¥enalesqh

14
ad

M Y ] ad ad o = acd &L A am . . . . .
Ni'ldtsuoninuiduis nu 38v1 FFT 33Rug 1135 1i1aA033 radix-2 UV decimation-in-time
q’/’ = @ o 1 [ {
Fuaoumsuilas FFT 1maiialumsuandygnseenilu n dumvguaziiiuinsd Taomwe

A o b4 A o o @ o o
yuransosmaugalumsuilas FFT  szdeaiisauyaliunvonmdsavimawd
N = 2" vindumsnisulad DFT uaasdsaunmsin (2.35)[21] Tasnsznedyana x(n)

s ' =
E)'e)m‘f]umauw n Lflummuaxmﬂm

N-1
X(k) =) x(mWy, k=0,1,..,N-1 (2.35)

n=0

o J ’ o
WNUN X (k) ﬁluwammammman Lmazm'e)mflugﬂuummmsmuml DFT

'
= [ o

1 N2 98 Taomeuusnnszmnudyaia x(0), x(2)...., x(N —2) uagimoufideinsyiifu

s

dyana x(1), x(2),..., (N =1) agll&nlumswas FFT annsanszvilae DET $1mu N

g o

Y o o £ 4
39 ﬁ']iJ'ﬁﬂﬂi%’ﬁ]']Uflﬂ@giuﬁ’l@il‘\l'&)ﬂ DFT 314U N/2 ATIUITOAANTTATUIUATINUINGY

P t =1
UANINBDY DFT %1 N/2 ’gﬂiﬂllﬂﬁxﬁ’l@ﬂﬂﬁ11115€1ﬂ5$ﬂWUiﬁﬂﬁWﬂlﬂ‘l«lNﬁ‘U’)ﬂ‘U’ﬂﬂ DFT ﬁ‘lu N/4

v
9 1

o =1
analeglugiues DFT 2 94 N

QU

L4 ]
1AA0INBY 1515 0ns s NememTuTl 11T oo sunsy

(3 b4l o dy
musafu gl

. 1
e x(n) innwenn 29a91d X (k) = D x(mw,”
0
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Taoft W2 = 1 uas W) = 7" = —1 118 squmsii (2.36)
X(0) = x(0) + x(1)
X1 = x(0) - x(1) (2.36)

2.6.3 adnasuvsanasnuuazalnnsuiag

A o o A ' o A o
WonanwiveImsulas FFT 5un11 ailnasunisvuia (‘Hiﬂﬁlﬂﬂﬂiﬂﬁlﬂﬂ

¥
a &

d @
I'Ja‘ﬂlﬂ%) 1aey ﬂJ']ﬂlV]u‘lﬂJ']ﬁ']ﬁl'lJfWﬁﬂJulﬂﬂﬂ]ullﬁxﬁuﬁﬂﬂ']ﬂiu%'.]ﬂ‘Ylu']ﬂJ'lﬂﬂW]']uu ‘Vi'i’éJ‘V]

De

¥ ’
t s

Lty q dyy graudmdyyindssnniliSondt dyaIuninds9uiifg (Finite-Energy

<

@

Signal) ﬁmnunmﬁﬁw Ui alannTuYINaI91U (Energy Spectrum) 119910 aUA1TN

o

(2.37)
S.(k) = | Xk (2.37)

Tag# S (k) Aomnasuveanaau x(n) uaz X (k) Aowaveenisutas FFT

@ vy e A o o dyﬂ ~ ' ' 2 @ ~
VOIAYYIU x(n) meat‘gfgm‘wummmqummuL UINIITIUYDINUIVIAUYIUNY

K.Y

< v ~ ' & "o A o aad A o
llﬂ%uﬂﬁlﬂuauuﬂ L ﬂla’]ﬂ’]@‘lwmﬁjuﬂuﬁlﬂ1uu llﬂﬂﬂﬂlaﬂ‘ﬂﬂlgﬂ']\iﬂﬂﬂﬂﬂ\iﬂ aUuIn

dyd @ Aa [ 1o o & [ ! [ 3/ 4 o w
UsznniliFonn UIUN wawm"lnmﬂﬂm"lummmmmwawm"lmmmmmm “N1aN
= 9, o Yy a c’/’ [ o o b4 ~
ammau"lﬂ”*um fgtluﬂﬂlvlﬂ ﬂQ‘HUﬂL‘lJﬂﬂiiJ‘llfNﬂTG\i (Power Spectrum) ‘H1"lﬂ%'lﬂﬁllfn'i‘ﬂ

(2.38)

P.(k) = %|X(k)|2 238)

@ o

[ [ -4 a ' < o U d' 1 L] Y
ﬁlﬂﬂﬂill‘ll’éNﬂ']aQL‘]d_luﬂ'J‘lJ’éJﬂ’J']ﬁﬂJﬂJ']miJﬂ'] aﬂszmuagiummama 9 ’E]EJ'Nvli 01

o o

]
[ [

' ' s v Y =] 9o @ A2 d 1 o
HIWINAMNMYes S, (k) ddreiu nez ldfasswvesdyaialunn 9 anud ey

Mdundovesdygraiues “Sridsnumaslumananzvinusidaumaslunennud”

m'lannaunsni (2.39)

N-l ) 1 Al 5
D) = WZP{ (k)| (2.39)
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o =) (-7 [} o 1} é %3 3 Qv 1
ntlounaasailnasuvesnasluriigusy dB FIAIduNTITN(2.40) LAAIAININA 2.10

P.(k) = 1010g10(%|X(k)|2j (dB) (2.40)

Signal from Current Sensor

ol
o
2
!
7-mu--—v-——: -
i

Px(k)dB}

50
Frequency (Hz)

/i 2.10 doanaluFaaumzanlaasui lRaamsuas FFT

o d v o [-] e { ) d
“?J’ﬂﬁﬂlﬂﬁl'J'Iﬁl‘]_]ﬂﬁliNﬂlﬂﬂﬂ]ﬁﬂﬁllﬁﬂﬂiuﬁu"lﬂ dmemmuaﬂﬂﬁ'muﬁﬂu
=S ar 9y ' [} d‘d o e a 1; 1 d’
swazBuavesalnasy 1aand1 TeumwizTuduniiddevesdyanudt 9 luurazaiudly

alnaFulszorM1aiuEen 1 Resolution Frequency (Af) A9erunIsh (2.41)

/.
Af = L& ,
\f N (2.41)

o d o
2.7 MANSHUMT amammst’fumawngm (Multiple Linear Regression Analysis)

aa a o a v n"’ Yo a 3 ' @ 4?
'Jﬁﬂ'li'JlﬂSTSWﬂﬁﬂﬂﬂﬂUl‘ﬁﬂlﬁuWHﬂmuul‘;’]uﬂ'lial‘]m"]uﬂiﬂﬁiSﬂﬂllﬂﬁﬂﬂﬂﬂﬂu
a1 LY v o ¢ 3 o a =
vl‘lnuﬂ'liWU'lﬂﬁmﬂ'l“UﬂQﬂ’JL!'lliﬂ'm ﬂ'J'I?JﬁﬂJ‘WL!ﬁiZ‘H’J'I\WI'Jllﬂiﬂ'lllllﬁzﬂ"lllﬂi’E]ﬁizﬁ'm'liﬂ

MMUATUNITDABINYRRUTUFUAITUNTA (2.42) [22]
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A

Y =by+b X, +b, X, +bX;+...+ b X, (2.42)
o @ a ¢ dAao a o A v o 1 o
dnSuaumInansunygaruduniAIBe s 2 laNuduAuTITn N ws

MUNUA T DATE AIAUNITN (2.43)
A
Y =b,+b X +b, X, (2.43)

J
2.7.1 n15a§1mun1mﬂneuwugmummswmﬂsm

VINAUNIN (2.43) TWNTAMUIUMIAT By, b 1ae b, NATY X uaz X, N

v ° v 0o q ¥ o e M uyd 4 =
vlﬂﬁ]']ﬂﬂ’]iﬁ’]i'ﬁ)‘u@ial‘a 'Vn'lﬁﬁ’]lﬂiﬂﬂ’]ﬁuﬂﬁllﬂ’]iﬂ’]i“ﬂ’]ﬂim Y llﬂ HIUNDAITUATAINI

Smuazduuumssiuasmazms Idauasaunsi (2.44)

-y XY -Q X)) O
ny X%- Q. X,)

ny X.X,- O X)) O.X,)
ny X,Y-Q.X,) 0.1
ny X4-O.X)’

EB-C? (2.44)

i

it I

M T QO %o
I

i

Taui n Avduaudoya uazannsolougasmuiunin by,b, uag b, AsAuNIIN (2.45),

(2.46), (2.47) MUAIAL

b - ZY—bIZXI_bZZXZ
n

A (2.45)
AB-CD

b, =7 (2.46)
DE—-AC

b, = —F (2.47)

A o ' y 3 A
WesammIn by, b, uaz b, udransounua ludums ¥ = b, +b X +b, X,

° Y o . 4 . A
mldansamvuadumseanssngaudadiuie ldnonsalmdwdsay v 18
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2.7.2 anuamamasuvaImMslszanammInennsal
o b d' " A A @ Py [ 1A N VoA
vduna landomiiansodunala ¥ duainoinmisnensainean
o A P~ L} L} Q d' A d'l P=- § L} d‘
Auraninaumsoaasenyan ¥ aziion limidulash ¥ -7 = e iilo e Aosnmamnaou
(Error) NAAaamasuasna1nmusoth ludnaviaaaamasuuen1slszaium
[~ 1 Y ¢ o @
(Standard error of emanate = Se) Vlﬁ' ﬂﬁamﬂmﬂLﬂﬁeummmswmmmﬂwnuﬂimmnﬂm
=) g s d' a ~ = o r ' d‘ I g dl
dasyiiues lunsdinaulsdasziisnuiu k a1 MaaamdouueInslszuiaumasaunsn

(2.48)

Se (2.48)

Y

Tunsanaulsdaseduu 2 a1 gaumsauamaaiamaouraInNTlszuum

AIFUNITN (2.49)

oo \/Z)ﬂ ~b, > Y~b> XY -b X,¥ (2.49)

n-3

2.7.3 aﬁﬁuﬁuﬁm‘ggm (Multiple correlations)

[ v o o Y a :: 1 o 3 X
Lﬂuﬂ’]i'Jﬂﬂ')']ﬁJffllwuﬁﬂl@ﬂﬂ?llﬂﬁﬂ']uuaxﬂjllﬂﬁ@ﬂﬁxﬂﬂllﬁ 2 mﬁu"lﬂ Lﬁ@

a

v Jdo 9/ ~

¥ < W [ ' s [ =1 s a =
ﬁ’]uﬂ'l'i'U'Ofﬂﬁ'V]5']Uﬂﬂﬂ?llﬂiﬂﬂﬂﬁ'l?ﬂﬂ?']llﬁuwuﬁﬂull']ﬂu'OUL‘WUQiﬂ L‘]Juﬁll‘ﬂigﬁﬂ‘ﬁ
v o o o [ 4
ANAUNUSWY M (Coefficient of multiple correlations) Unude r ﬁqmmmmmﬁnmsﬁ

(2.50)

(2.50)

d‘ ¥ o [ a v o [} ~ o T
Lweiﬁmsmmmmﬁnﬂs:ﬁﬂﬁ’dw’dnwuﬁﬁmmqamnaﬂm %QHUNﬂTH?ﬂ!W']ﬂ']

@ a [ a ok a W ~ o Y] -
dulseAnfanduwus lunsdidunlsoasy 2 é1 lRasauniss 2.51)
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. n(b, Y Y+b > X\ Y+b,> X,1)-O.Y) 5D

ny Y- Yy

4 (] 1 =< 1

1 s = Q( s L '
Avosduilszansanduiuinyguezegszning 0 de 1 nannedal » |Whlnd o

Y

' @ Y = - v o Jdo 9 EY ' 3t o
w1 Al smutazaulsoassia NuFUNUSAULY LAz 7 =0 ﬂaTJllﬂ’JWI’JLHJi

Qs = 1 v o Jdao o 9 o 9 Y Qs
ﬂ1nllﬁ3ﬂ3llﬂiﬂﬁ5$vhlflﬂ’nllﬁllwu‘ﬁﬂulﬁﬂ rlumammummum r=1 ﬂ’JLLﬂiﬂﬁlexWJ
a ~ o o d
wlspasziinnuduiutgega
T e Y ‘; W A . . . .
2.7.4 manlszansmsaaaule (Coefficient of Multiple Determinations)

[ P ¢ o
Wumsvenldnsundnalssaszausaldwansaausay lduntios

~ A A W L4 L4 = 3 ! L4 d?’ A v
oala galuaumsannssnnguiidusaw 1 6 uazdunlsdaseaus 2 a23u Y Fam

4
a o v a

o g ' o :,’ o o
ﬁnﬂixﬁ'ﬂﬁﬂTiﬂﬂﬁui‘ﬂuﬂuﬁ'ﬁlﬂ r2 ﬂ%xﬂﬂﬂ?1ﬂ3llﬂ50ﬁ5$‘ﬂﬂﬁﬂﬂ%2‘,‘WU1ﬂ5mﬂ'JLL1J5ﬂ111

Y Y - = o o =
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/*****************************************************************************

Diagnose three phase induction motor shaft misalignment

******************************************************************************/

#include <stdio.h>
#include "lpc17xx.h"
#include "type.h"
#include "uart.h"
#include "timer.h"
#include "math.h"
#define N 2048
#define norm 1/N
char uart_buf[50];
float data[N];

float Ia_max;

float I max;

float IA;

float IB;

float IC;

float Id;

float IA_rms;

float IB_rms;

float IC_rms;

float I_phase A[40];
float I_phase B[40];
float I_phase C[40];
float phase A;

float phase B;

float phase C;

float thetal;



float datal[20];

float rsfft[N/2];

float isfft[N/2];

float absfft{N/2];

float psdfft[N/2];

float logfft{N/2];

float mean=0;

float mean A=0;

float mean_B=0;

float mean_C=0;

float mean1=0;

float vmax=0;

float v_data=0;

float offset=0;

long int i=0,j=0, n=0;
double sumdata_A =0,
double sumdata B =0;
double sumdata C = 0;
double sumdata = 0O;
double sumdatal = 0;
unsigned long nn = N;

int isign = (int)1;

int a,b,c,m,count_data,nnn;
int adc0_1,adc0_2,adc0_3;

float d t,ts,fs,wt,we theta,w1,w2 pi = 3.141592653589793;

float nor FFT;

float F max C IA;
float F max L IA;
float F max_H IA;

float max_C IA;

104



float max_L _IA;

float —max_H IA;

float nor_FFT_la;

float F max_C_Id;

float F _max L Id;

float F max H_Id;

float max_C_Id;

float max L _Id;

float ~max_H_Id;

float nor_FFT_Id;

float  percent misalignment;
float  misalignment;

float mean_percent misalignment;
float ~mean_misalignment;
float mean nor_FFT _la;

float mean nor_FFT_Id;

float aver fft{256];

int data_0=0;

int data_1==0;

int loop_fft=0,status=0;

float max_c,max_l,max_h,max;
float F_max_c,F_max_LF_max_h;
extern uint32_t timerQ_counter;
uint32 t counter = 0;

int k = 0,DQO_FFT=0;

int adc chl,adc_ch2,adc_ch3;

int la_FFT_Id_FFT;

1

const unsigned long led graph[8] = { 0x01, 0x03, 0x07, 0xOF, 0x1F, 0x3F, 0x7F, OXFF };

/!
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volatile uint32 teint0_counter;
void Init ADC()
{
LPC_SC->PCONP |= (1 << 12);
LPC_PINCON->PINSEL1 &= ~0x003FC000; /* P0.23~26, A0.0~3, function 01 */
LPC_PINCON->PINSELI |= 0x00154000;
LPC ADC->ADCR = 0x052106FF;
LPC_ADC->ADINTEN = 0x1FF; /* Enable all interrupts */

}
I

void TIMERO IRQHandler (void)
{
fs =1024;
ts = 1/fs;
we =2*¥pi*50;
if(DQO_FFT ==1)
{
adc_chl =LPC_ADC->ADDRI,
data[k] = (adc_chl >>4 ) & OxFFF;
k=ktl1;
}
if(DQO_FFT ==2)
{
if (k<N+40)
{
adc_chl =LPC_ADC->ADDR];
adc_ch2 =LPC_ADC->ADDR2;
adc_ch3 =LPC_ADC->ADDR3;
phase_A = (adc_chl >>4 ) & OxFFF;

b

phase_B = (adc_ch2 >> 4 ) & 0xFFF;
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phase C = (adc_ch3 >> 4 ) & OxFFF;
phase_A = ((phase_A-mean)*3.3)/4095;
phase_ B = ((phase_B-mean)*3.3)/4095;
phase C = ((phase_C-mean)*3.3)/4095;
if(k<40)

{

I phase Alk]=phase A;

1 phase B[k]=phase_B;

I _phase_C[k]=phase_C;

}
iflk==23)
{
max = -5.00;
for(i=0;i<22;i++)
{
if(I_phase_A[i]> max)
{
max =1 _phase_A[il;
I max =i
}
}
theta = (I_max+2)*2*pi/20.481 - pi/2 ;
}
iftk >= 40)
{
i =k-40;

data[k-40] = (2.00/3.00)*(phase_A*cos(we*ts*i-theta)+phase B*cos(we*ts*i-
(2.00*pi)/3.00-theta)+ phase_C*cos(we*ts*i+(2.00*pi)/3.00-theta));

}

k=k+1;



1)
1
if{ k>=N+40)
{
disable_timer( 0 );
}
LPC_TIMO->IR = 1; /* clear interrupt flag */
return;
}
I FFT
#undef SWAP

void realft(float data[], unsigned long n, int isign)

{
void fourl(float data[], unsigned long nn, int isign);
unsigned long 1,i1,i2,i3,i4,np3;
float ¢1=0.5,¢2,h1r,hlih2r h2i;
double wr,wi,wpr,wpi,wtemp,theta;
theta=3.141592653589793/(double) (n>>1);

if (isign==1)
{
c2 =-0.5;
fourl(data,n>>1,1);
}
else
{
¢2=0.5;
theta=-theta;
}
wpr=cos(theta);

wpi=sin(theta);
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WI=Wpr;
Wi=wpi;
np3=n+3;

for (1=2; i<=(n>>2);i++)

{
i4=1+(13=np3-(i2=1+(i1=i+i-1)));
hlr=cl1*(data[il]+data[i3]);
hli=cl*(data[i2]-data[i4]);
h2r=-c2*(data[i2]+data[i4]);
h2i= c2*(data[i1]-data[i3]);
data[il]=(float)(h1r+wr*h2r-wi*h2i);
data[i2]=(float)(hli+wr*h2i+wi*h2r);
data[i3]=(float)(h1r-wr*h2r+wi*h2i);
data[i4]=(float)(-h1li+wr*h2i+wi*h2r);
wr=(wtemp=wr)*wpr-wi*wpi;
wi=wi*wpr+wtemp*wpi;

}

ifisign==1)

{
data[1]=(hlr=data[1])+data[2];
data[2]=h1r-data[2];

}

else

{
data[1}=c1*((h1r=data[1])+data[2]);
data[2]=c1*(h1r-data[2]);
fourl(data,n>>1,-1);

}

}
#define SWAP(a,b) tempr=(a);(a)=(b);(b)=tempr



void fourl( float dataf], unsigned long nn, int isign)

{
unsigned long n, mmax,m,j,istep,i;
double wtemp, wr,wpr,wpi,wi,theta;
float tempr,tempi;
n=nn << 1;
=1
for(i=1;i<n;i+=2)
{
if(j>1)
{
SWAP(data[j],datali]);

SWAP(data[j+1],datali+1])

}

m=n >> 1;
while(m>=2 && j>m)
{

J=m;
m >>=1;
}
jt=m;
}
mmax=2;
while(n>mmax)
{

istep=mmax << 1;

theta=isign*(6.28318530717959/mmax);

wpr=cos(theta);
wpi=sin(theta);

wr=1.0;
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wi=0.0;

for(m=1;m<mmax;m+=2)

{
for(i=m;i<=n;i+=istep)
{
j=i+mmax;
tempr=(float)(wr*data[j]-wi*data[j+1]);
tempi=(float)(wr*data(j+1]+wi*datalj]);
data[j]=data[i]-tempr;
data[j+1]=data[i+1]-tempi;
datali]+=tempr;
data[i+1]+=tempi;
}
wr=(wtemp=wr)*wpr-wi*wpi;
wi=wi¥*wpr+wtemp*wpi;
3
mmax=istep;
}
}
It
void fft()
{

realft(data-1,nn,isign);
1=0,n=0;
for (i=0;i < N;i++)
{
if (1%2 == 0) /1 sort fft output
{
rsfft[j] = data[i]*data[i]; // real part

Jjt+;

3
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}
else
{
isfft[n] = data[i]*data[i]; // imag part
isfft[0] = 0;
absfft[n] = sqrt(rsfft[n] + isfft[n]) ;
psdfft[n] = (absfft[n]*absfft[n])/N ;
logfft[n] = 10*log10(psdftt[n]*norm);
n++;
}
}
}
i

void delay(unsigned long int countl)

{

while(countl > 0) {countl--;}

}

// Loop Decrease Counter

112

//*****************************************************************************

void convert_volt()

{

sumdata =0 ;

for(i=0;i<N;i++)
{

sumdata = sumdata+datali];

}

mean = sumdata/N;

for(i=0;i<N;i++)

{

data[i] = data[i]-mean;

data[i] = (data[i]*3.3)/4095;
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)

// Sum average fit

void sum_fft()

{

for(i = 0;i<256;i++)
{
aver_ ffi[i} += logffifi];
}
}
/

void aver sum_fft la()

{
for(i=0;i<256;i++)
{
aver_fft[i] = aver_ fft[i]/10;
}
}
Iz

void aver_sum_fft Id()

{
for(i=0;1<256;i++)
{
aver_fft[i] = aver_fft[i)/10;
}
}
ff=m=mmmmmmnaee fine magnitude maximun and frequency -----------------

void fine_max_FFT Ia()
{

max_c = -100;



#*

max_l = -100;

max_h =-100;

F max ¢=0;

F max_1=0;

F_max h=0;

for(i=0;i<10;i++)

{

if{aver_fft[i+95]> max_c)
{
max_c = aver_fft[i+95];

F_max_c =i+95;

}
iflaver fft[i+45]> max 1)
{
max_l = aver_ fft[i+45];
F_max_1=1+45;
}
if{aver fft[i+145]> max_h)
{

max_h = aver ffi[i+145];
F_max h=i+145;
}

}

F_max c¢=F max c/2;

F max 1=F max 1/2;

F max h=F max h/2;

nor_FFT = max_c/max_l;

1
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void fine max_FFT Id()

{

max_c = -100;

max_1 =-100;

max_h = -100;

F max ¢c=0;

F_max_]=0;

F_max_h=0;

for(i=0;i<10;i++)

{

if(aver_fft[i+195]> max_c)
{
max_c = aver_fft[i+195];
F_max _c=i+195;
}
iflaver fft[i+145]> max 1)
{
max_l=aver fft[i+145];
F_max_1=1+145;
}
if{aver_fft[i+245]> max_h)
{
max_h = aver_fft[i+245];
F_max_h =i+245;
}
}
F max_c=F_max_c/4;
F max 1=F max l/4;

F max h=F max h/4;
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nor_FFT = max_c/max_]; }

//
int main (void)
{
SystemlInit();
LPC GPIO2->FIODIR = OxFF; // P2[0..7] defined as Outputs
LPC GPIO2->FIOPIN = 0xFF; // OFF all LED
UARTInit(0,9600); //Initial UARTO = 9600 Baud
delay(2000000);
Init ADC();
while(1)
{
for(la_FFT Id FFT = I;la_FFT Id FFT<6;la FFT Id FFT++)
{
for(i=0;i<N;i++)
{
data[i]=0;
}
delay(2000000);

/
for (i=0;i<256;i++)
{ aver_ffi[i]=0;
}
init_timer( 0, TIME_INTERVAL );
DQO FFT=1;
for(loop_ftt = O;loop_fft<10;loop fft++)
{
enable_timer( 0 );
while(k <N);

disable timer( 0);



convert_volt();
fft();

sum_fft();

aver_sum_fft Ia();
fine max_FFT Ia();
nor FFT_la=nor FFT;
for (i=0;i<256;i++)
{ aver_fft[i]=0;
}

I
for(i=0;i<N;i++)
{
data[i]=0;
}
DQO_FFT =2;
for(loop_fft = 0;loop_fft<10;loop_fft++)
{
enable timer( 0);
while(k <N+40);
k=0;
ffO;
sum_fft();
}
aver sum_fft Id();
fine_max FFT_Id();
nor FFT Id=nor FFT;

for (i=0;i<256;i++)

117



{ aver_fft[i]=0;
}

for(i=0;i<40;i++)

{

IA rms +=1_phase A[i]*I phase Alil;

IB_rms +=1_phase B[i]*I phase B[i];

IC_rms +=1 phase C[i]*I_phase CI[il;

}
IA_rms =IA rms/40.00; IA_rms = sqrt(IA_rms)*5;
IB_rms = IB_rms/40.00; IB_rms = sqrt(IB_rms)*5;
IC_rms = IC_rms/40.00; IC_rms = sqrt(IC_rms)*5;

/

mean_nor FFT Ia-+=nor FFT la;
mean_nor FFT Id +=nor FFT Id;
misalignment = (-0.1260) + ((0.2268)*nor_FFT Ia) + ((0.2316)*nor_FFT Id);
. percent_misalignment = (100.00/0.500)*misalignment;

ifIA_rms>1.25&IB rms>1.25&IC rms>1.25)

{

status =1;

}

else

{

status =0;

}

I

. sprintf{uart_buf,"%d\t%d\t%1.3f\t%1.3f\t%3.3f\t%2.3f\n" status,Ja FFT Id FFT
- ,nor FFT lanor FFT_Idmisalignment,percent misalignment);

printUARTO((unsigned int *)uart_buf);
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}

mean_nor FFT Ia =mean nor FFT Ia/5.00;

mean_nor_FFT_Id =mean_nor FFT Id/5.00;

misalignment = (-0.1260) + ((0.2268)*mean_nor FFT Ia) +

((0.2316)*mean_nor FFT Id);
percent_misalignment = (100.00/0.500)*misalignment;
delay(50000000);

ifIA_rms>1.25&IB_rms>1.25&IC rms>1.25)
{nnn=6;
if(percent_misalignment<5.00)
{
LPC_GPIO2->FIOPIN = OxFE; // display level degree misalignment
}
if(percent_misalignment>=5.00 & percent misalignment<10.00)
{
LPC_GPIO2->FIOPIN = 0xFD; /1 display level degree misalignment
}
if(percent_misalignment>=10.00 & percent_misalignment<15.00 )
{
LPC_GPIO2->FIOPIN = 0xFB,; // display level degree misalignment
}
if(percent_misalignment>=15.00)
{
LPC_GPIO2->FIOPIN = 0xF7; /1 display level degree misalignment
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sprintfluart_buf,"%d\t%d\t%1.3£\t%1.31\t%3.31\t1%2.3f\n" status,nnn,mean_nor FFT la,mean nor
_FFT_Id,misalignment,percent_misalignment);
printUARTO((unsigned int *)uart_buf);
Ia FFT Id FFT =1;
mean_misalignment = 0;
mean_nor FFT Ia =0;
mean_nor FFT_Id =0;
}
}

////*******************End OfProgram*****************************************/
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Abstract

This paper presents a diagnostic system to determine the degree of motor shaft
misalignment. The 32-bit microcontrollers are employed as the central unit to analyze and
determine such conditions carried under no-load test conditions. Stator current signal analysis
techniques are primarily used with the current signal to the frequency domain method (Fast Fourier
Transform) to determine the magnitude of the frequency sideband. ( f; £ f, } The magnitude of the
signal correlated with the degree of motor shaft misalignment. The researchers used the same three
3-phase 10HP induction motors. These were used to gather statistical data to diagnose the degree
of motor shaft misalignment. Research indicates that the criteria for the diagnosis of the three levels

of motor shaft misalignment can be measured with an accuracy of 88.33%.
Keywords : Misalignment, Microcontroller, Motor Current Signature Analysis
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Current Transducer HX 05 .. 15-NP | = 5..15A

PN
For the electronic measurement of currents: DC, AC, pulsed, mixed,
with a galvanic isolation between the primary circuit (high power) and
the secondary circuit (electronic circuit).
n i Q
R
COMPLIANT
2082/95/EC
| Electrical data ]
Primary nominal Primary current, Primary conductor Type RoHS since Features
current rms measuring range diameter x tums date code
by (A) low (A) (mrm) e Galvanicisolation between primary
Serial  Parallel Series  Paraliel and secondary circuit
t5 +10 +15 30 0.8d x (6T+6T) HX 05-NP planned * Halleffectmeasuring principle
110 120 130 160 1.0d x (3T+3T) HX 10-NP planned » i{solation voltage 3000V
+15  £30 t45 190 1.2d x (2T+2T) HX 15-NP 46047 o 2 isolated primary windings
Vour Output voltage (Analog) @ t1,,, R =10k, T, =25°C + 4 v © Low power consumption
R Output internal resistance <50 Q » Extended measuring range(3 x I}
ROUT Load resistance > 10 kq * Powersupply from £12V to +15V
VL Supply voltage (¢ 5 %)" ; 15 v e |solated plastic case recognized
¢ according to UL94-V0.
I, Current consumption <t15 mA 9
\A Rms voltage for AC isolation test, 50 Hz, 1 min
Primary to secondary >3 kv Advantages
Primary 1 to primary 2 >1 kv
v, Partial discharge extinction voltage rms @ 10 pC > 1 kv ¢ Low insertion losses _
v, Impulse withstand voltage, 1.2/50 ps 26 kv ® Easytomountwith automatic
handling system
Accuracy-Dynamic performance data * Only one design for wide current
ratingsrange
X Accuracy @ L, T, = 25°C (excluding offset) <t1 %ofl » Small size and space saving
PN A PN N )
€, Linearity error (0 .. £ 1,,)) <1 %ofl, o High immunity to external
Vg Electrical offset voltage @ T, = 25°C <140 mv interference.
Vo Hysteresis offset voltage @ I, = 0;
after an excursion of 1 x 1, <115 my L.
eV, Temperature coefficient of V., <£15 mvk Applications
TCV iy Temperature coefficient of V. (% of reading) + 0.1 %I/K ¢ Switched Mode Power Supplies
t Response time to 90% of |, step <3 us (SMPS)
BW Frequency bandwidth (- 3 dB) 2 50 kHz o AC variable speeddrives
* Uninterruptible Power Supplies
| General data (UPS)
Electri li
T, Ambient operating temperature -25.+85 °C .o ::;?yfti‘;ﬁ;’::;icaﬁons
T, Ambient storage temperature -25..+85 °C « DC motor drives
m Mass 8 g
dCp Creepage distance >5.5 mm
Isolation material group | Application domain
Standards EN50178: 1997
¢ Industrial
Notes :" Also aperate at $12V power supplies, measuring range reduced to +2.5x I,
2 Small signal only to avoid excessive heating of the magnetic core
Page 1/2
071029/8 LEM reserves the right to carry out modifications on its transducers, in ordes ©© improve them, without prior notice.

www.lem,.com
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LPC1769/68/67/66/65/64/63

32-bit ARM Cortex-M3 microcontroller; up to 512 kB flash and
64 kB SRAM with Ethernet, USB 2.0 Host/Device/OTG, CAN

Rev. 8 — 14 November 2011 Product data sheet

ceniirico USB

1. General description

The LPC1769/68/67/66/65/64/63 are ARM Cortex-M3 based microcontrollers for
embedded applications featuring a high level of integration and low power consumption.
The ARM Cortex-M3 is a next generation core that offers system enhancements such as
enhanced debug features and a higher level of support block integration.

The LPC1768/67/66/65/64/63 operate at CPU frequencies of up to 100 MHz. The
LPC1769 operates at CPU frequencies of up to 120 MHz. The ARM Cortex-M3 CPU
incorporates a 3-stage pipeline and uses a Harvard architecture with separate local
instruction and data buses as well as a third bus for peripherals. The ARM Cortex-M3
CPU also includes an internal prefetch unit that supports speculative branching.

The peripheral complement of the LPC1769/68/67/66/65/64/63 includes up to 512 kB of
flash memory, up to 64 kB of data memory, Ethemet MAC, USB Device/Host/OTG
interface, 8-channel general purpose DMA controller, 4 UARTs, 2 CAN channels, 2 SSP
controllers, SPI interface, 3 12C-bus interfaces, 2-input plus 2-output I2S-bus interface,
8-channel 12-bit ADC, 10-bit DAC, motor control PWM, Quadrature Encoder interface,
four general purpose timers, 6-output general purpose PWM, ultra-low power Real-Time
Clock (RTC) with separate battery supply, and up to 70 general purpose I/O pins.

The LPC1769/68/67/66/65/64/63 are pin-compatible to the 100-pin LPC236x
ARM7-based microcontroller series.

2. Features and benefits

B ARM Cortex-M3 processor, running at frequencies of up to 100 MHz
(LPC1768/67/66/65/64/63) or of up to 120 MHz (LPC1769). A Memory Protection Unit
(MPU) supporting eight regions is included.

® ARM Cortex-M3 built-in Nested Vectored Interrupt Controller (NVIC).

M Up to 512 kB on-chip flash programming memory. Enhanced flash memory accelerator
enables high-speed 120 MHz operation with zero wait states.

B In-System Programming (ISP) and In-Application Programming (IAP) via on-chip
bootloader software.
M On-chip SRAM includes:

¢ 32/16 kB of SRAM on the CPU with local code/data bus for high-performance CPU
access.
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7 32-bit ARM Cortex-M3 microcontroller

# Two/one 16 kB SRAM blocks with separate access paths for higher throughput.
These SRAM blocks may be used for Ethernet, USB, and DMA memory, as well as
for general purpose CPU instruction and data storage.

B Eight channel General Purpose DMA controlier (GPDMA) on the AHB multilayer
matrix that can be used with SSP, I2S-bus, UART, Analog-to-Digital and
Digital-to-Analog converter peripherals, timer match signals, and for
memory-to-memory transfers.

® Multilayer AHB matrix interconnect provides a separate bus for each AHB master.
AHB masters include the CPU, General Purpose DMA controller, Ethernet MAC, and
the USB interface. This interconnect provides communication with no arbitration
delays.

m Split APB bus allows high throughput with few stalls between the CPU and DMA.

B Serial interfaces:

# Ethernet MAC with RMII interface and dedicated DMA controller. (Not available on
all parts, see Table 2.)

¢ USB 2.0 full-speed device/Host/OTG controller with dedicated DMA controller and
on-chip PHY for device, Host, and OTG functions. (Not available on all parts, see
Table 2.)

# Four UARTSs with fractional baud rate generation, internal FIFO, and DMA support.
One UART has modem control /O and RS-485/EIA-485 support, and one UART
has IrDA support.

4 CAN 2.0B controller with two channels. (Not available on all parts, see Table 2.)

# SPI controller with synchronous, serial, full duplex communication and
programmable data length.

# Two SSP controllers with FIFO and multi-protocol capabilities. The SSP interfaces
can be used with the GPDMA controller.

# Three enhanced I12C bus interfaces, one with an open-drain output supporting full
12C specification and Fast mode plus with data rates of 1 Mbit/s, two with standard
port pins. Enhancements include multiple address recognition and monitor mode.

# 12S (Inter-IC Sound) interface for digital audio input or output, with fractional rate
control. The 12S-bus interface can be used with the GPDMA. The 12S-bus interface
supports 3-wire and 4-wire data transmit and receive as well as master clock
input/output. (Not available on all parts, see Table 2.)

8 Other peripherals:

@ 70 (100 pin package) General Purpose I/O (GPIO) pins with configurable
pull-up/down resistors. All GP1Os support a new, configurable open-drain operating
mode. The GPIO block is accessed through the AHB muitilayer bus for fast access
and located in memory such that it supports Cortex-M3 bit banding and use by the
General Purpose DMA Controller.

# 12-bit Analog-to-Digital Converter (ADC) with input multiplexing among eight pins,
conversion rates up to 200 kHz, and multiple result registers. The 12-bit ADC can
be used with the GPDMA controller.

# 10-bit Digital-to-Analog Converter (DAC) with dedicated conversion timer and DMA
support. (Not available on all parts, see Table 2)

® Four general purpose timers/counters, with a total of eight capture inputs and ten
compare outputs. Each timer block has an external count input. Specific timer
events can be selected to generate DMA requests.

® One motor control PWM with support for three-phase motor control.

LPC1769 68 67_68 65 64 €3 i ... A inkOrmabion provided in this document is subject to legal disclaimers. © NXP 8.V, 2011. Al ights reserved.
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& Quadrature encoder interface that can monitor one external quadrature encoder.

& One standard PWM/timer block with extemnal count input.

& RTC with a separate power domain and dedicated RTC oscillator. The RTC block
includes 20 bytes of battery-powered backup registers.

& WatchDog Timer (WDT). The WDT can be clocked from the internal RC oscillator,
the RTC oscillator, or the APB clock.

& ARM Cortex-M3 system tick timer, including an external clock input option,

& Repetitive interrupt timer provides programmable and repeating timed interrupts.
@ Each peripheral has its own clock divider for further power savings.

Standard JTAG test/debug interface for compatibility with existing tools. Serial Wire
Debug and Serial Wire Trace Port options.

Emulation trace module enables non-intrusive, high-speed real-time tracing of
instruction execution.

Integrated PMU (Power Management Unit) automatically adjusts internal regulators to
minimize power consumption during Sleep, Deep sleep, Power-down, and Deep
power-down modes.

Four reduced power modes: Sleep, Deep-sleep, Power-down, and Deep power-down.
Single 3.3 V power supply (2.4 V1o 3.6 V).

Four external interrupt inputs configurable as edge/level sensitive. All pins on Port 0
and Port 2 can be used as edge sensitive interrupt sources.

Non-maskable Interrupt (NMI) input.

Clock output function that can reflect the main oscillator clock, IRC clock, RTC clock,
CPU clock, and the USB clock.

The Wake-up Interrupt Controller (WIC) allows the CPU to automatically wake up from
any priority interrupt that can occur while the clocks are stopped in deep sleep,
Power-down, and Deep power-down modes.

Processor wake-up from Power-down mode via any interrupt able to operate during
Power-down mode (includes external interrupts, RTC interrupt, USB activity, Ethernet
wake-up interrupt, CAN bus activity, Port 0/2 pin interrupt, and NMI).

Brownout detect with separate threshold for interrupt and forced reset.

Power-On Reset (POR).

Crystal oscillator with an operating range of 1 MHz to 25 MHz.

4 MHz intemal RC oscillator timmed to 1 % accuracy that can optionally be used as a
system clock.

PLL allows CPU operation up to the maximum CPU rate without the need for a
high-frequency crystal. May be run from the main oscillator, the internal RC oscillator,
or the RTC oscillator.

USB PLL for added flexibility.
Code Read Protection (CRP) with different security levels.
Unigue device serial number for identification purposes.

Available as LQFP100 (14 mm x 14 mm x 1.4 mm) and TFBGA100! (9 mm x 9 mm x
0.7 mm) package.

1.  LPC1768/65 only.

Product data sheet
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NXP Semiconductors ” LPC1 769/68/67/66/65/64/63

32-bit ARM Cortex-M3 microcontroller

3. Applications

B eMetering B Alarm systems
® Lighting B White goods
® Industrial networking ®  Motor control

4, Ordering information

Table 1.  Ordering information

Type number Package

/Name iDescription Version
LPC1769FBD100 LQFP100 plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SOT407-1
LPC1768FBD100 LQFP100 plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SOT407-1
LPC1768FET100 TFBGA100 plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm S0T926-1
LPC1767FBD100 LQFP100 plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SOT407-1
LPC1766FBD100 LQFP100  plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SOT407-1
LPC1765FBD100 LQFP100  plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SOT407-1
LPC1765FET100 TFBGA100 plastic thin fine-pitch ball grid array package; 100 balls; body 9 x 9 x 0.7 mm SOT926-1
LPC1764FBD100 LQFP100  plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SQOT407-1
LPC1763FBD100 LQFP100 plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SOT407-1

4.1 Ordering options

Table 2.  Ordering options

Type number Flash SRAMinkB Ethernet USB CAN 125 DAC Maximum
CPU AHB  AHB  Total CPU

SRAMO SRAM1 operating

frequency
LPC1769FBD100 512kB 32 16 16 64 yes Device/Host/OTG 2 yes yes 120 MHz
LPC1768FBD100 512kB 32 16 16 64 yes Device/Host/OTG 2 yes yes 100 MHz
LPC1768FET100 512kB 32 16 16 64 yes Device/Host/OTG 2 yes yes 100 MHz
LPC1767FBD100 512kB 32 16 16 64 yes no no yes yes 100 MHz
LPC1766FBD100 256kB 32 16 16 64 yes Device/Host/OTG 2 yes yes 100 MHz
LPC1765FBD100 256 kB 32 16 16 64 no Device/Host/OTG 2 yes yes 100 MHz
LPC1765FET100 256 kB 32 16 16 64 no Device/Host/OTG 2 yes yes 100MHz
LPC1764FBD100 128kB 16 16 - 32 yes Device only 2 no no 100 MHz
LPC1763FBD100 256kB 32 16 16 64 no no no yes yes 100 MHz

LPCIT69 6867 66856463 Al information provided in his is subject 10 logal disciaimers. ... BNXPBV. 2011, All ights roserved.
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5. Block diagram

32-bit ARM> Cortex-M3 microcontroller

debug JIAG ) _ XTALY
port interface RMII pins USBtplns XTAL2 RESET
) I
_@ C[ 1 |
LPC1769/68/67/ USB PHY
25 TEST/DEBUG 66/65/64/63 cLOCK
: S § INTERFACE } GENERATION, ckouT
= =
: 5= o8 st | | POWER conTROL, FH—*
\ Sw ARM ETHERNET DEVICEIOTG SYSTEM
z2 CORTEXM3 |& DMA CONTROLLER | | coNTROLLER FUNCTIONS
2 % | |conTROLLER || Swrmy pmach [ | SONTROLLER
clocks and
‘ l-code| |D-code| [ system master master master controls
{ bus bus bus slave
; ROM
i slave
MULTILAYER AHB MATRIX -
i | sram 324 k8
N FLASH
ave
PO to HIGH-SPEED slave slave slave ACCELERATOR
P4 GPIO FLASH
AHBTO AHB TO
ol APB 512/256/128 kB
BRIDGE 0 BRIDGE 1 4
SCK1 APB slave group 0 N . APB slave group gg;ﬁo
SSEL1 [ J K )I SSPO I‘———P MISO0
MISo1 [+ 8sP1 - MOSI0
MOSI1 )e—1}+ rRxD23
RXDO/TXDO «—»‘, L UARTON = (O uarman I TXD2/3
Bx i;RE N 3 x 125RX
1/2 ——»]
) J 3x12STX
TR <————J CAN172 <:> <:>| 128 ] TX_MCLK
SCLOAM «—»[ J RX_MCLK
SDAOH «}—» rzcon <:>
SSEL K:)L 12C2 J<——> sCL2
SCK/ [ J [
MOSIMISO | SPi0 (-— <« spa2
2 x MATON , <:>| J
2 CAPOT | — TIMER /1. = RITMER 4xMAT2
" | |
2 x MAT3
[ WOT J(:} <:>L TIMER2/3 J 12 x CAP2
| 2 x CAP3
PWM1[7:0] ——» J <:>l EXTERN J [
AL INTERRUPTS  |+—— -
PCAP1(1:0]__.[ PWMI - EINT3:0]
ADO[7:0] ——.[ 12-blt ADC K:> <:>‘ SYSTEM CONTROL J
MCOA(2:0]
I PIN CONNECT J(:} <:>| J MCOB[2:0] |
MOTOR CONTROL PWM _ [+——1»{¥CORIZO1 |
PO, P2 __’[GPIO INTERRUPT CONTROLJ = MCABORT
RICXY o re 1 —— al (: )I l——» AoUT
Z
RTCX2 : OSCILLATOR :<:> @BUADMTURE ENCODER J«—— llLHDAE, )I:HB
VBAT —+l [ BACKUP REGISTERS ]l<:>J L
] 1 Rg=
= d A
| RTCPOWERDOMAIN | D connected lo DM
L e = e = - — - -

(1) Not available on all parts. See Table 2.

| Fig 1. Block diagram
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LF353 Wide Bandwidth Dual

ﬂNational Semiconducior

February 1985

JFET Input Operational Amplifier

BLFET IMd iy g of National . Ca

General Description Features
These devices are low cost, high speed, dual JFET input B Intemally timmed offset voltage 10 mv
operational amplifiers with an internally timmed input offset B Low input bias current S0pA
voltage (BI-FET II™™ technology). They require low supply ® Low input noise voltage 25nv/yHz
current yet maint.a.in alarge gain bandyidth product anc! fast  m Lowinput noise cument 0.01 pA/yRz
Govices provid vory ow input bias and offsot suents. Tne ' VVide §ain bandwidih Mz
Vi rovide very low input bias and offs: rents. The .
LF353 is pin compatible with the standard LM1558 allowing : ':'gh slew rate . 1: :/ ":
designers to immediately upgrade the overall performance ow supply curren - 1’:
of existing LM1558 and LM358 designs. ® High input impedance 10720
These amplifiers may be used in applications such as high . 'ﬁ‘iw_tf;f r\}mT‘;’;\‘; dn_storgw _A;’: '_1'0'2 0 kH <0.02%
speed integrators, fast D/A converters, sample and hold - VR ‘O— P—P. = Z- z
circuits and many other circuits requiring fow input offset u Low 1/t r.IOISS. comer 50 Hz
voltage, low input bias current, high input impedance, high B Fast settling time to 0.01% 2 ps
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage dnift,
Typical Connection Connection Diagrams
R,
Yo
R ? Metal Can Package (Top View,
O—AAA—4 ge (Top )
b—0 -
UTAUT A () outrurs
INVERTING INVERTING
INPUT A WHT S
NOMINVERTING NON-ANVERTING
~VEe NPUT A INPUT &
vt
. ™ . Order Number LF353H
Simplified Schematic See NS Package Number HO8A
1/2 Dual
Vi O
Dual-In-Line Package (Top View)
vo ourrera -4 (Y LI
INVERTING INPUT A -4 1— ouTPUT R
() L]
now 3] = H s
WPUT A InPUT
. } S MOMINVERTING
wruT e
TEmmALLY Toued Order Number LF353M or LF353N
See NS Package Number MOSA or NOSE
-Ygg O—dg
TL/H/5649-1

©1995 National Semiconductor Corporation  TL/H/5649

RRD-BIOM115/Printed in U. §. A
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TLO084
TLO84A -TL084B

GENERAL PURPOSEJ-FET
QUAD OPERATIONAL AMPLIFIERS

s WIDE COMMON-MODE (UP TO Vec') AND
DIFFERENTIAL VOLTAGE RANGE

= LOW INPUT BIAS AND OFFSET CURRENT

= OUTPUT SHORT-CIRCUIT PROTECTION

s HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

= INTERNAL FREQUENCY COMPENSATION

» LATCH UP FREE OPERATION

» HIGH SLEW RATE : 16V/us (typ)

DESCRIPTION

The TLO84, TLO84A and TL0O84B are high speed
J-FET input quad operationalamplifiers incorporating
well matched, high voltage J-FET and bipolar transis-
torsin a monolithic integrated circuit.

The devicesfeature high slew rates, low inputbias and
offset currents, and low offset voltage temperature
coefficient.

PIN CONNECTIONS (top view)

N D
DIP14 SO14
(Plastic Package) (Plastic Micropackage)

*

TSSOP14
(Thin Shrink Small Outline Package)

ORDER CODES

Temperature Package
Part Number Range N olp
TLO84M/AM/BM -55°C, +125°C e | o |
TLO84/AI/BI —40°C, +105°C el o | o
TLO84C/AC/BC 0°C, +70°C o | o | o

Examples : TLO84CN, TLO84CD

Vect 4 E

OQutput 1 1 E \/
Inverting Input 1 2 E:{y \_@
Non-inverting Input 1 3 I:
Non-inverting Input 2 5 E
Inverting Input2 6 E% S
output2 7 []

14 Output 4

13 Inverting Input 4

12 Non-inverting Input 4
Vee-

10 Non-inverting Input 3

9 Inverting Input 3

I I N N O NN |

8 Output 3

January 1999
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1. Overview

This manual describes the operation of the XBee/XBee-PRO ZB RF module, which
consists of ZigBee firmware loaded onto XBee S2 and S2B hardware, models:
XBEE2, XBEEPRO2 and PRO S2B. The XBee/XBee-PRO ZB RF Modules are
designed to operate within the ZigBee protocol and support the unique needs of
low-cost, low-power wireless sensor networks. The modules require minimal
power and provide reliable delivery of data between remote devices.

The modules operate within the ISM 2.4 GHz frequency band and are compatible
with the following:
oXBee RS-232 Adapter
oXBee RS-485 Adapter
*XBee Analog 1/0O Adapter
+»XBee Digital 1/0 Adapter
eXBee Sensor
»XBee USB Adapter
X Stick
sConnectPort X Gateways
»XBee Wall Router.

The XBee/XBee-PRO ZB firmware release can be installed on XBee ZNet or ZB modules. The XBee ZB firmware is based
on the EmberZNet 3.x ZigBee PRO Feature Set mesh networking stack, while the XBee ZNet 2.5 firmware is based on
Ember's proprietary "designed for ZigBee" mesh stack (EmberZNet 2.5.x). ZB and ZNet 2.5 firmware are similar in
nature, but not over-the-air compatible. Devices running ZNet 2.5 firmware cannot talk to devices running the ZB firm-
ware.

What's New in 2x7x

Firmware

XBee/XBee-PRO ZB firmware includes the following new features (compared with 2x6x):

*Using Ember stack version 3.4.1.

eSupport for the PRO S2B with temperature compensation and an overvoltage check. Within 15 seconds of
the supply voltage exceeding 3.9V, the API will emit a 0x08 modem status (Overvoltage) message, and
then the AT/API versions will do a watchdog reset.

+ZDO pass-through added. If AO=3, then ZDO requests which are not supported by the stack will be
passed out the UART.

*An attempt to send an oversized packet (256+ bytes) will result in a Tx Status message with a status code
of 0x74.

*End devices have two speed polling. 7.5 seconds is the slow rate, which switches to the fast rate to trans-
act with its parent. When transactions are done, it switches back to the slow rate.

*A new receive option bit (0x40) indicates if the packet came from an end device.

*Added extended timeout option since end devices need more time than routers to ack their packets.

*An option bit (0x01) was added to disable APS retries.

«If an end device has not had its polls answered for 5 secs, it will leave and attempt to rejoin the network.

*XBee S2B has a new TP command which returns the temperature compensation sensor reading in units of
Celsius degrees.

*The PP command returns the power dBm setting when PL4 is selected.

*The PO command sets the slow polling rate on end devices. Range is 1-0x1770 in units of 10 msec (10
msec to 60 sec). Default is 0 which invokes a 100 msec delay.

*Rejoining now can proceed without a NR or NRO command after a Mgmt_Leave_req is processed.
eCommand ranges were changed for the SC, IR, and LT commands.
*A PAN ID corruption problem was fixed.

See the 2x7x release notes for a compiete list of new features and bug fixes at www.digi.com/support.

€5 2010 Digi Interustional, Inc.
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Specifications

Specifications of the XBee®/XBee-PRO® ZB RF Module

pe atio Be » PRO o PRO 13

Performance
Up to 300 ft. (90 m), up to 200 ft (60 m}) : Up to 300 ft. (30 m), up to 200 ft (60 m)
IndoorfLirban Range up to 133 1. (40 m) international variant | intemnational variant
Outdoor RF line-of-sight " Up to 2 mies (3200 m), up t0 5000 | Up to 2 miles (3200 ), up to 5000 ft (1500
Range up 10400 % {120 m) (1500 m) intemational vanant | m) international variant
- ' 2mW (+3dBm), boost mode enabled _ 50mW (+17 dBm) . 63mW (+18 dBm)
Transmit Power Qutput 1.25mW (+1dBm), boost mode 10mW (+10 dBm) for Intemational 10mW (+10 dBm) for International variant
disabled variant |

RF AData Rate 250,000 bps 250, 000 bps 250,000 bps
Data Thfoﬁgﬁput up to 35000 bps (see chapter 4) up to 35000 bps (see chapter 4) " up to 35000 bps {see chapter 4)

Serial Interface Data Rate :

- 1200 bps - 1 Mbps
* {(non-standard baud rates also

1200 bps - 1 Mbps
{non-standard baud rates also

' 1200 bps - 1 Mbps

Dimensions

(software selectable) supported) supported) . (non-standard baud rates also supported)
Receiver Sensitivity :gg 332 x:; :‘;‘;Z gl’;‘:’m ' 102dBm 102 dBm
Power Requirements :
Supply Voltage 1 21-36V 1 30-34V 127-38V
o ' 40mA (@ 3.3V, boost mode 205mA, up 0 220 mA with programmable
OW"‘“".g Curent . enabled) 295mA (@3.3 V) ! variant (@3.3 V)
(Tr::?)m i, max outpu 35mA (@ 3.3 V, boost mode 170mA (@3.3 V) intemational variant = 117mA, up to 132 mA with programmable
po disabled) | variant (@3.3 V), Intemational variant
[ 4mA(@3.3V, boostmode ,
Operating Current ! enabled) 47 mA, up to 62 mA with programmable
(Receive)) . 38mA (@ 3.3 V, boost mode 45mA (@3.3V) variant (@3.3 V)
dlsabled) 5
Idle Cunent (Recexver off) 15mA ‘ 15mA 15mA
Power-down Curent | <1 uA @ 25°C [35pA typlcal @ 2s°c 3.5 pA typical @ 25°C
General ‘
Operaling Frequency 15 2.4 Gz ISM 2.4 GHz ISM 2.4 GHz

0 960' x 1 087' (2 438<:m x2. 761cm) 0.960 x 1 297 (2. 4380m X 3 294cm) 0. 960 x1.297 (2 4380m X 3 294cm)
w(f)perratirrxg Temberature 7 -40 toiag" c (nnéaélﬁél)‘ ;40 fo 85°C (|naustnal) o -40 to 85° C (mdustnal)
Antenna Oph on; . E\tggréted Whlp: Chip, RPSMA, or Integratedﬁ;;;, Chip, RPSM‘l’\‘H;rU FL Integrated Wh|p PCB E;t;;ade&-T race, N
. onnector Connector . RPSMA, or U.FL Connector
Networking & Security
Supported Network | Point-to-point, Point-to-muitipoint, Point-to-point, Point-to-multipoint, Peer-| Point-to-point, Point-to-multipoint, Peer-to-
Topologies . Peer-to-peer, and Mesh to-peer, and Mesh peer, and Mesh
Numbe}iofvér;;r;ﬁélg - 166;(;&‘;&;«[];&»&»&;;%'8 - _-1;1 6@5 sz;quén;:e Channels 15 Direct Sequence Channels
”thannels - 7 11 to 26 - ;1 t:) 24 o h 11t0 25
Addressing Options  PANID and Addresses, Custer DS~ PAN 1D and Adcdresses, Cluser IDs and:+ PAN ID and Addresses, Cluster IDs and
and Endpoints (optional}) Endpoints (optional) Endpoints (optional)
Agency Approvals
oy 2tes (FECPart  eec b ouRxaEE2 FCC ID: MCQ-XBEEPRO2 FCCID: MCQ-PROS28
[ Industry Canada (IC)  IC: 4214AXBEE2 _ IC: 1846A-XBEEPRO2 " IC: 1846A-PROS2B
 Europe (CE) ~ETS| ETSI (Intemational variant) ETSI (10 mW max)

0714 OM

Inteructional, Inc.




S

XBee®! XBee-PRO® ZB RE Modules

14

6

Specifications of the XBee®/XBee-PRO® ZB RF Module

Specification XBee XBee-PRO (S2)
Australia . C-Tick C-Tick
) ’ ’FiZ’(’)'1‘WW082151;12 (intemational
Japan . R201WW07215215 variant)
RoHS Compliant Compliant

XBee-PRO (S28B)
w C-Tick

i

i R201WW10215062 (international variant)

Compliant

Hardware Specs for Programmable Variant

The following specifications need to be added to the current measurement of the previous table if the module
has the programmable secondary processor. For example, if the secondary processor is running and
constantly collecting DIO samples at a rate while having the RF portion of the XBEE sleeping the new current
will be I total = I, + Is. Where I, is the runtime current of the secondary processor and I is the sleep current

of the RF portion of the module of the XBEE-PRO (S2B) listed in the table below.

Specifications of the programmable secondary processor

Optional Secondary Processor Specification

These numbers add to S2B specifications
(Add to RX, TX, and sleep currents depending on

mode of opetation)

Manual

Runtime current for 32k running at 20MHz +14mA
Runtime current for 32k running at 1MHz +1mA

Sleep current +0.5uA typical

For additional specifications see Freescale Datasheet and MCOSOBQE32

Minimum Reset low pulse time for EM250
VREF Range

+50 nS (additional resistor increases minimum time)

1.8VDCto VCC

Mechanical Drawings

Mechanical drawings of the XBee®/XBee-PRO® ZB RF Modules (antenna options not shown)
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