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Abstract

The paper will describe the study of air flow induced

vibration from sets of direct driven and belt driven fan. The

vibration signals were picked up at fan ball bearing casing and

fan housing. Fan and its accessories' natural frequency in

different directions were also measured. The analysis of vibration

signals on frequency domain were performed. It was found that

the vibration signals related to air flow problem such as

recirculation and turbulence can be seen in the form of broad

band random signal called noise floor at subharmonic frequency

and higher. Besides it was also found some signals indicating fan

operating conditions such as the operation of motor. fan. and bell.

Sets of belt vibration. signal and its harmonics were also seen

which indicating some possibility of belt detection. Whenever the

vibration signal coincides with the natural frequency, its amplitude

will be amplified such as signal at fan speed of 3,600 rpm.
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mrn. ii'lJ D-J''VIflliluEll ma iJ'l!'VI1~n,;)::LO"';)1n01'" 'VIaLLU\l{Juihu
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Lfl~OU.r";lI'Ji.n[Jvnu ii~lU'ULUvr~ 12 LU lJmVlof')ULfl~oULllu

lJm~H1f1vlvhm::lLfn;-~U 3 Lvlti ;i"til:Ul'l"Clll~umlmhlOUL.r 2 fh

flO ~mllJLhlOU~,:umVlilfll::'I'IlJu.r'[J5Vll11.h:::u'ru 1500 ltJlJ~il•
mn LU'I::~mllJL1'10Uti" lJmVlilf~::'I'I:uu.r'[Jirml1l1::1J1rn 3000.. .
lilUviilUln LLil::iill~til[JVnuviil1::'I'I'll,1lJmVl1JfnlJvrVlfllJ TVl[J~vrVl,
illJ~::iiml:UL1'1ilU1l1::1J1ru 1800 1iluviilmn Llil:: 3600 lilUvi1J

U1n ~m1:UL1'1ulJ~'LLil::"JVl1lJfh.rlJ Uil::ii-nwriu'1J1LilUfl::'tJ11J1Jn.. .
.I, .. , .. d ~.¥.1 ~

1l1::nilunui1vr~il:U nna Oiln:uLmL~:ULllil1Lil1Ju1l1U~U'Ylnl1L'I'Ifl

ililn'1JilJilln1~ i1vr~il:ULLiil:::umVlilfv;1il:Ui.n[JvnU';J::fln~~iJiltiuu.. ..
T~::L'I'I~n 11l~ 1 ~::Lla~"tiJll~vr~iillJll~~ 1 ~1'l'l1Ull~vr~il:U1l~ll 2
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Luuvr~illl'YIil[JI"Ji;Jri~tl~1,1nu:um~ilf muvr~~lmu 16LU lJm~lilf

LUu:umVlilf1vlvhm::uaa~ULvlaL~[J1~iiml:UL111illJ1.h:::IJ1ru 2940

1illJ~ ilmn iirlilvi il a ti~'I11J0il n'tJtl"i1vrVl illJ nl11l1lJelVl11n11L'YIfl

'1Jil;Jvr~illl'l!Vld i.n1l;1f1 01::'111L~~ [Jn11t11U~U~'lilJU1L' nnru 'ii,
'1Jtl,1vr~lilll.rl[Jm1'Y111'U.LLI'lU~IUl'lil'Y11ilutln1ull 2 ';J::LLaVlJtiJllVlvrVl
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aua::L'I11JUMICROLOG 1U CMVA10 LLil::'Yl11ua~'L·IWlal'Y11m'il

mllJd;J Accelerometer iu CMSS786M ~falJJ",.h~"U[jVlLllULLli

L'YI~n LLi'ldu1LLmlJfl1J:uYi~LVlafPRISM
4

al'YI1tJ Window Lvlili~

m1LLfl::~Lfln::,{iil:Uil 1t1~ 3 ';J::LLa~JtiJLfliaJl'il~cyqj1rnnl1iu.. ..
ti::Lliau~l i'lUn11ftm~nd

3, UCYYll1l1nnl"i1V1«1JO,JalnIA

IVl[Jrt.'ttJ1'U.Lfl1a"imnfl~H',rtJLfl~ilU'1JaJ't'YIflJu 'l'nniinl1~U

a::L lifl1.Un~;t'" ~UL'V\<iI,.,ihlnTliu&i::L flfJUul;)tn;J,J1'lClUU.J LIflLUU -2.
.rUl'I'I~1'1'1qjfi a 'iiUL'YI~';Jlnnll,hl~'I11Jnfl LLiil::ilru'YIlillnmlL'YIfl.. - .... ...
'1Jil,1'1JilJl'YIi'la.'I'I~u'ii'U.L'I'I~';Jlnml'!il'J~'I11,1nfl ';J::'l.rLLrinl1Ln'ilnl1, .
LlitilJ'ili'l'lJil,11uvr'il nl1Lr1aJLLnU m1Lr1a,,~urJ nl1'Y1fl~'YIflllJ LLfl::, ..,
ilru'l'llnl1'!il1~~ln'il;Uilnllu LUU.rU 1u.mrn~LuuilCY'YII~lnnl1~ . ..
't'YIfl'llilJ'1JilJ't'l'lil Muri ilCY'YI1';Jlntl1In!ln11rnfl1~LVl,tU(21 nl.'t'l'liil

riaun~lJ (Recirculation) m1LnVlnl1L'YIil~U!}m (Turbulence)

Surge LLfl::Choking LUU.rU ;n-rfru::'lJ.w~'CYCYlrnnl.iua::Lliau'tJaJ

nWU11Vl'YllJnil ';J::ihtlLLuu~LUULtln;n-rfrn~fiauilJLL u.uau

(1,3,41' &1'YI1lJm':iiua::~fia'U.\:nnm1'l'YIiilJU';J::,runuv;111iJL~a1

"H'I1ui. illriL'liu 'l!u'Vl'llu-J'IItJ"i'YIil ('tJtJ"L'YIilJ'I'I1tJ111'D')'iilLWlJL1rJ

TUilvi' ilLil'1Jfl1~L~,tU 'I'I'1afil NPSH (Net Positive Suction Head)

(21 LUU.rU a.'I'I~uLU01rn'lJa~nl"jL'YIil'lJtl~tllnlflJu LUfl1llJLllU'il1J

lTniim11H'um:lJ1 Lltn11L'I'IillU'J::UlJ.rl mL~:ULUaf -i1Ji'LL~lJLtl1J1'il::

i'\muu~Jn~'1J,)IJn11L'I'Iil'!!U~'YIi1J i-JJualnlfl~i'l'li'lr11U~Jn~mlJ

lTniinl1LU~[JuLltliilJelmlL1J LLfl::n11L'YIfliJnii;nMrn::'1JtJJm':i~u

ihu Lliil::dl'ilm1m::Ll'I1nnulu;n-rfrn::~:JJ .rJJuaCYCYlrnnl':i~U

a::LliuU~1 n n11L 'I'Iil~-JlTn~:: a~LuJtI'II tJ-JacyCY'ru;nMrn::~lJLLUU

Noise floor 1~£J~lTndl'ilarunnrn;n-rfrn::cilJ~fl111J~~iliiiJUn uan
.... .... ~ \I

::. ~..... do. .J' d .d
'il'nUUtl'';J:uarycy'rn'l1Ln~'IlU'Ylm':un Blade Pass Frequency

(BPF) tVlu~mllJ~ Blade Pass Frequency iifilL'Yi1nu

BPF = ~1U1uLuvr~xml1JL1'':iaU'IJflJWVliilll

1umru.~1l~vr~fllJ;iJiim1,)1JLfl~au.rlUtil[JVl1Ulfu fl111JLn•
'JtltJ'IItlJiillJVl1Ual1111Cl'l'l1L,y~lnfl11lJ~1Jvrui'

mllJL111ilU'tJtlJtilUV;IU =
3.14xLtfuI'lIU~UU nillJli LrixmlllL 1,)1tl1J'1JO.njLL~.,. ~

fl111Wl1i.nUV;lU

~ I d ~
4.nI1~"il~'~VII~I~.,~nfi"i"iU~I~

lUn1':iftnBlmliua::LflflU'illnm1L'YIiil'llflJfllmf'ld liiinTnh

n1':i~':i''ill~'VIlmllJ~1i':i':i1l1l1~'tJtl-J'!!~vr~iil:UUil::!ltlmnrtl1::nflu.r1U. .
Lvl a1'liLuuiillJiiltl1::nilUnl1ftn-rf1 nI1Vln;]1~m::l11TiWm1\h~1

"
lVlmllJL iJ[j~~~nu'iil TmJai'IJ'tJaJ'!!~vrYlflll~'ilYlvilJ 'I lun~'Yll"~. .
vil-Jnu ~lnJ'U.lh'iiflu~1v;fl1a~n1l1'11U~'ii11m"rn-J Uil::l~•
~CYCYlrnn11iua::Lli!lulu'I'I'Ib[Jm111LiJ L~il'YIlml1J~1i1'l:U'!!I~'tJfl"

'l!~vrVlillJ LLil::ritltl':i::ntlU'IIil"vr~illJllYl~ 1 Uil:: 2 'l11JJ"T4i::~1'li11J, , - .

vr~fl1J'I!~~ 1 ~CYCYlrn~1~MluLLviil::~~OI~iiml:uiilL';JUL3iLl1inu

~1'YI1lJ'I!Ylvr~illJll~~ 1 ';J::allJ11m~U~CYqj1rn~fll~L~ThLtJU

fl11:U~;1"l1J'l!1~1~U'U.1~hJ') i-J9itlLlld: LULL'U,'~" 150, 1,875,

1950,2737.5,3,600, Uil:: 7,050 CPM 1uuu1uflU 150, 375, 2,400,

3,300, Ufl:: 3,600 CPM 1ULLU1LLnU150, 375 UfI:: 3,600 CPM Uiil::

~1'l'l1lJl~::':iaJv::V;lJaCYCYlrn~ii'1JUli1iilL';JULUUU1~"LtJU 150,

1 .I~ .I t: '"2,775, 3,600, use 7,050 CPM U'llrn::'YlV;~fllJ'l!Yll12 ,"ULUflJ'illn

LuuvrVlil1J~ii'llUlilLiul'llu~UrJnfllJfiilU')l"l'Y1qjL~mn[JunUmllJ..
'YIU1'11tJ-JvrVliillJiJJU~::L~ul.r"hTmJvrilillJtUUU'~"Uil::UU1UflU~::

iiml:ULLilJLLn1Jnil1uuu'LLnu i"Ju~tyCYlrn~::L~ul,yiilL'ilUnil

1 1 A dd a.... d ,
ULlU1LLnU1J,nni, Un~'Yl1,'JilU mllJ Clm'YIUacycy'rn'!!"fllYllYlll1

LUUmllJ~1i11lJ'I!l~luuUl9ilJ ') 'tJilJvriliil:U'l!iI~ 2 iiiJd: LUL\u•

unu 150, 337.5, 1,087.5, 1,425, 2,962, 3,375, 3,675, 3,787 ..5,

4,200, 4,650, 5,475, 5,887.5, 6,337.5, Uiil::6,750 CPM lULLU1UtlU

~CYCYlrni3ifiilmYiuiinrn mllJ~~L~Uii 150, 637..5, 2,287 ..5,

3,112.5, Uil:: 3,525 CPM 1UL\ul~J~CY'l!1(\4l3ifiil[JL~uiilL'liunu

ml:JJ~~I~uii 150, 637.5, 1,612.5, 2,587.5, 2,925, 4,912.5, LLfI::
~ .I ~d .1,.1 ,

6,225 CPM LLfI::[JJWUmllJfl1i1':ilJ1l1~'Yl6,000 CPM nnaaermae

nU'l!~vr'iliillJ'l!Vl~ 21mLU1'U.!l'U.'iilU. .
...... .t 4!JI

5. i'lll!ll!llltnl'JiUU'I::milll>

~lnJUn1'lftnBlm':ii'YIil'll!lJfllm~iim::\'hvi!lTtlmhm1Vl1,)v

l'il~ru nn runlliUti::L litlU~'!!VlvrililllllVl~ 1 lil[J 1i~1"rYlfl1llJd"-.. .... ~"
V;{ ilm;'''l LLaiL'VI~n~~ [jil~tm,'JVl;U iiln1Ju~LV;fllvrtlfllJ 1uu Ulunu,

"~ .IT " ~, ~ tld 5LLU1UilU,LLfl::LL'U,.ilJusen ~::"'nJV;Vliil:umLLU1~JJ n 4 uar ';J::

LLaVlJtiJ~CYCYlrum1iua::L nflUUU l~L1JUml:JJ~1U'YIU.1[Jfl11lJL11~

lmln~~vilJ') ~nril1ti" lYl[Jli'l!'ilvrYliillJ'l!iI~ 1 \'hJIU~mllJL1., ..
':iatJ~, (LrhnlJ 1,800 CPM) LLfI::tl1UU~lJLUilfliLiJVlH 50 % ~::

l~ui'ii":h~rurulrn~l~~lmJ'1JaJ'il;1JilniJuJu ~rurulrnluLLu'~J~:..,... ,..., ....

ii'lJ'U.l~iilL ~U~'!~ LU'1Jrn::~~CYCYlrnlULLU1LLnUii'llUI~Utl[J,!iI LL9i

~CYCYlrurf"'VIlJVlii~n-rfrn::fl.tlUtl~JnU d'la'lJUIU~CYCYlrnm':iiu
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~Ln£ll41l4Ul4.~..l.ln~~ 4 1J1LLftil..l1l4~~ 6 'il::L~u\ii"hi'Y'Yltl1.~

1illl4Ul4.~..lY119i::'il::ihll41ilft.,]nil~"au~nill4 Uftil..liliin1'lR..lti1U. ... .-.
n11~ft::Ln£lW.ln1iil-Mtl~1JlIlrl~t9i:: Ua::ii01'lR..li'Y'Yltll.01'lill.,
ft::Ln£ll4Lft11Jr1l4 ,;)::L~l4i'Yqptll. Noise floor anWtu.::~fffiEltl'lh.,]

dd 1 _1.1 d ~ ~ • .I '" ~ d
ATl1JCll1Uftil..l l4~ul1 6 ua::llft'll'Y1cu.anltt\4::'P'l1L l'Il41iflL.Uf1'll1JCl

~lnilf111111~.'ElU~El..l-M~U'lll (Subharmonic) ;1.JliJl4i'll'llltl1.~

Uft"..la..lil'll1'l1'\1El-3rm'l'Ia'\lti',1£l1rnfltuanMac:'lJfl..lml\~aVfll4naU
' .... c.... _'; "" d ~.... ~

UfI:: tl..lLl'Il4ft'Y 'Y1 tlI.Eltl1..l'lfilI vUl1A.12JClL 111nUfl.11JL 'l.lflU'lJEl-3
« &: ~1 ;:,': r",,,,: ~:,.,,:.--: "c;' ,

11Ellfl £ll f11111Ln'lEl1J'UEl..'lViilfl2J Ua::mll1Ll.'lflU'lJEl.Jft:)tlVilwfI::

lnf(iinnLf'llEl..'l~" < ~LLft"'..'lO..'l~~n~~n~ili~~lU'\IEl"]~"'~ll

lJEllflEl{ ua::ftltlVill4 1~t1'iliL~l4"l~~~~i~'l!~~t1u~ ....,]ri..lm~1-31"

'\IEl..lintlVi1ULiJ"~1U.l4111n (LiJl4mi111ilh~);' ;1~~1l17Clf11"'Lin\ii
o ,;.... • _ • ; .. ":'. .: "':: :.~-., . ,,~: ,"::1 .. ~' ~,.' . d c

.1£l1,;)1Jf1')111'lJ11"''lJEl~ftltlVi'lU!Wft1lflJ,1. ' UfI::"''l!'Y1tl1.l1A,.111Ln
. ,". ',',' "l"'''''''' "",.' ,.,:,., ... ,.' .

'lElULfi1r1tJ 2.437,5 CPM 'If~(fi-ir1tJi1Ln;''IJ-El..lfiTlllL~:llElU'lJfl.,]ftltl

muJU.:ii'IJU1f1~"]lJ1~ 'ftl~ YI~*;v::tlj~~YI~i~ili'l!'ln~diiATllla
._ .", .."," .I

\,niHrLfiu-3r1tJr1tJf11illa~~ll'lfl~'lJO~1iill'i~~lll®inU1m (fl

th::antll. 2.4~O 'lEltJ~El\r'ifi) 'il~nJ"i~~rl1n1'l~n.ftilUDnflf-ltfl[J
. .~... ,. ~

m'ltlrtJU."1JLtlfrniLil~,!'" ~11' 7. ';)::Uft""H):3ft'l!CY1~m7ftU

~Liifll4~1i1film..l"auanill4'IJo:~'ii~-M ...a~tl4iifi"111LLinunl4 LLU'1

~..l LLfI::LLU'luiJl~iCYCY1~~::ij;ri':'~fI~1~A~~r1":'tajl~"-umL~n~'J

~J1nun lil[JL~1l'i1::iCYcY1'~ N~ise' Floo~· Vi~';l::."'"pJ\iii1n-iliJruaWln

n1'l\'VIflli1Un17LtJilUillJLlJilf1.tii~~~~nl~~~::L~tlWJinun

m'lil11.1i1m::nitnfi~..'lt~~nlm'lLtl~tlUa"nn1ll'1lJU'lJtI-l~iI.: . .' .
a1Jti~-l;1'ulY.'LiJu 3,600 1EltJiioU1n ii~J"ml11LhltltJ'lJEl~ifl[JYi1U

~Jiifi~L'ri1r1tJ 975 'lDuiiElU1n fo~8 ~a::9 LL~i1-ln~iCYCY1tl1.017&u

«::Ifia" 11u1 flUJUA.1lJ ellU'VIU.lJA111lL ~~l...~lA~"'lJ fl-lWlatJfIn11'"- _" ~
LLfI::ill~::1ULLU.~~ .:ViU11iiiOlrul cu.ii'lJU1Ylft"niliru 011tlI.1U1tl~.tj w 'II .... t: ,..

4 LL~:: 5 mn ('lJU1Yl'IJtl..liCYCY1tl1.t1m1lJL:t.'fllJ~i1f11Jtb::3.J1rn 16

mm/s LntlUr1utI'l::mtll. 2,5 mrn/s) LLfI::jjiJU1"i~lLvUY1ftilluLLU.~J•
L'liUr1U L~t1'1J[J1tliCYCY1tl1.1"LLU.~Jv1nltlY18 1I1LLft".:JtultlY110 .::

L~u't¥ii1iiiruoI1tl1. Noise Floor !)[j~f1'l1~~ Subharmonic LLfI:ita..lw·ti ~ ,..

nil uYiirurultl1.~UftilJn11lilJ1U'lJtl..l~U~1uml'tJtlJ'I5f1l'iilalJ au \ii
w w •

• ~ .... ~..¥ f'O ......un lJElLWltl'lViilflll LLa::ftltl'l'i1U 1l'IJ"1Yl'IJtllEJ'lJU1I1n 1J::I'VIUI.i'CYCY1rn

~ml1JaL'rhr1tJftO"L ri1'IJtl-lf111lJI7.7EltJ'lJil..lftltlVilU (1.950 'ltluYio

'U,n) ufl::~ml:lJl111alJ'lJtl"~i1f1lJ (3.600 'l1luYiouln) L~m11n1'l

mTiI~O u ntJ fi 1A1111 ~1:I'l'l1l'l51ii'IJil"'I5ill'iilfl1l1 ULLU1~J'l'ilJl1jjfi1,
m1lJcl1:l~'l1J'lfl~mj~ 1.950 LLa:: 3,600 CPM 'l'iEl~ lhlY.'vn1'l'IJrJlll~
... • .J d .... .., dI

ftqjtyltll.mmmn ~tlrl 11 v::LLftfl"mftCYCYltll.n1~ftUft:Ll1uU'lJfl"

'l5i1~flfUJ'I5Ylrj 1 1UmllJL~.'lOUL~llLLiitlrlJl\JLL"lJLtlElflY.'LtJYlfl'i1 1J::. . .
L~U\¥illiqjtyl cu.iiinlttu.::A£i'1uAaJr1lJ 1u~tlY1 8

lumrn'tJfl.J'Jj<f)~ilfl1J'llYl.yj 2 <a-l017-utJlfI~€Jmfum:;rhlil[Jn1'l. .
vi fl~mnUlJ m~l1l{ 1iitl.J1J1 n~YlfllJ'JjildrlnLL'lJ1UntJL 'l'ial1JElL'ilEl{LilU. ~
Yl1"hw'hjuYliu<lntlu m.Jim::'VIil-3i.~Ylfl1JntJlJm'iltl{

fll1J11l.lril nW);ir;yCYl rn0l1&uft::L nflU 1UlJ11• tlI.J U\~ 011il111J

1'i1~" ¥iElJ m::ril~L~ au l'iilfl1J Ul1U t...U~lLL'VIti"m'l1i1 ClnLlflYlJ"itU~
Jtl~ 12 ityCYl rnm'liu,,::! na'UlJUlilllJUfl1llJcllU'VIti.VflJ1lJl ~1ri

1YlikiElu-Milfllllwu.LLnl4 LL"."O" Ufl::UU'l~..l i::ClnLUfft.:JH'"nl. ..
;; 13 li1tl~rilO1'ltlriJU~l4,;)1Umntl1tJa"'l1m'l'tl'la~'li0"'lJ1Lfuo..'l
.~ 1wil ... ~ - AX, A
ViYlfllJ l'IL Yl,!iI 'il::ViUI111~t}j'Yll\1,1iYlL.U~ilLnYl'IJl4L®U.LLnu 'II",;)::

ft1m ~n 0 tim u hh1 n an MtlI.::Ifl1-3 ft"1..l'IJ El"i-i L7El" -Milflll'lftlU-h

~1ul'lli-lY11illuu".unuJuLiJum'l1Ylt1LL~uilftl'l'"1'IJEl"~YI~1l~"]LUu

LLr-iuLl'Ianilull'1qi l'hlmim1lJuii"Ln~.J (Stiffness) UEltlnilWlufIt-a-

1~' ULLl4.l4tll4 LLa::LL"'~..'l <a-3LUUn1'l1i1RJut1LUl4W,"OtJ"O..'l-MftR1J

~ijml1Jn1T"UDtlmmrlillfilJur1lJllu"ilftii1U"'U1 UR::lila'IJtI1tl

iCY~1tl1.t~!lU?UnU.1npl~ 13 111LLa-Yl..'l'-nUpl~ 14 ';)::VitJicyt}jlt'L4

O1'liu"::L~ElUanHcu.::RllLLlJtJ Noise Floor !)[jilfn111a~lrrh. -'" . -<. ._-, , ... "

f1'l111Ll.~tlUllEl.:Jl'i'ilfllJ (~..liift1LYi1r1lJm111L~"l'l~tnJO..lll!lL'ilil1'l.u
d.t ... tl • d .J A..I • l: A

mtll.lUJf11 'l::1l1tl1. 2,950 ltlU"OU111) LLfI::l1fn111rll1W..'l0'l1UU'If..l

LU\401;l+ft'il.J~..l~fI'lJO..lil'Yl'IJ01'l'tl'lfl'IJEl-lD101fl,;)1nm1i.l'IRLLtJuilu

t1~u. ~~::rl.JL~~i'YCY1tl1.iftLvU~fl::niJglfhr1tJml1JL1.'lil1J'lJOJWfI

.au ~~::Y1A~l11rltl'l::lll tu.a0..lLn1'IJt;.Jfl.1lJ~ TnEltJl'i~Rll1'l70ftf.\..'lL nl

'lJEl-lf11111~'lJfl..lm::LLft'vlrl1 (tll::1l1tl1. 6.000 CPM) ;1,nJ..lLDtyhl'ill.,'J
.... d "" • d...... .... d .... ~
nlJA'11JCl1:l7111"l!1~'lJfl..lrltlfliJnfl~1lntJ'llflWflRll'2!ftn 2 ua:U..lLl'IU, ,.
..... ~ d .J .
ftCYCY1tl1.'lJUlflLanl1f1'l1lJClBlade Pass. Frequency ( 47.200 CPM )

LLfI::Li'jilYhniwl'lI'il1",Dnfl~.,'Jt'illJLtl~U"L1flu\'lJn1'lll'lal ...utlfuLLr-iu

';llutll ntl1u am1 n11 \ l'Iail'liD ..lfl1.,'J'lJ1L,hlltl-3l'iftalllY.''lJrltJilfll-U1 \tl
.1 tl.J . .. ~ ~...J ~ t ~
u7:;mrn 50% ~ n-rs 'i1::LLft'il..lCl.mCYCY1tl1.01'lftUft::Ll1ilUl1.i1Ul1..l

ftllJiiflfll-3 Vi'tJi1inlru1tl1.';l::iianlttu.::fla1ufla..lr1tJlu'ltlil 13 utili
"II w •

6.1Jml'itl.
.1n011finH1011iuft::LfitlU';nnml\l'If1'IJtl"fl101fl VitJ11011

,'j1<1fl-ltlty'VI1~Li'\il'il1nft1l1Vi01'l'l'Ia'IJflJEl101fl L'liU mlLnYl011l'VIR

UilUnalJ m1InYlO1'l''f'IfI~Utb" ";)In'lf'il~flflllJ..laO..'l'l5f1u..lnl::lhlii, ,
'aj~un i"Juiru nn tlI.n11&u~::L n OU~ti..'lU Elnn..'liiUL1'If1i..lnri1. ;1.J

w. w •

otitu1tl'tJEl"iru0l1tl1.anMOl.::Rll~'liI"fI'lllJcl~lni1A.111Lnl01J'lJ0.J1.1.. ou"a:; ..

l'iVlflllLLfI::Y1"..lni1Ju IiJUlll1::ftllJ1'ltliJLnflL ~U 'tii uiil1iL~uifl1l1n..
un ftlLl'I~Oll1Ln~1Jln0l7,'jlaDJf111111UU1.J'lJtl"iJty1'l1nT''tl'lRJu

nn-;ilr1'ilLiitlJlIlntltlmrn'llill'iYlall 1U'lJtu.::mU1i'il-MYlflll'lf~~ 1 ';l::" .., "
1V;,"iCY'llltll.n11iuft::LnElu;;i'ilL';lutULLU1~.,'J ;1..'lLnft1l1n011t,n~::

'n~'If'il~'ilalJJuii Stiffness LlfI::1J.aUElu ~Jn11ilnYlm1&uft::LntlU,
tULLU'l~"'~flJ 1U'I5'ill'i...a1J'lfftil 1 VitJiolnl1tl1.n11iuft::LnEluiilLlIU,... .. -&: ...,.

~Ua'il"ii..lm'lfi1..l1'U'tJil-l1Jm~ilf Wila1J LLfI::ftltlVi1U l'il[JL\l,m::mf

.J • ... .... .J A. 4 ....
L1JUlJl n 'I!..lmYl.lv::~ El-3~1JnlJf111lJ Cl1:l~111'lf1f1fl11'1U..'l'IJO.J'tIftViftRll,
1 d~ , ~ '" ~ .J .J
U'lJtu.::fl LlJifl1ll7Clft.JLnWlL'VIUftCYCYlml1f1111JCl Blade Pass

Frequency (BPF) LLfI::Lrl1lLtl~!JUf11111Ll17fllJ'lJD.,'Jl'iilflll;f"Li)UftEl..l

lril'IJElJf111lJL1.1DUL~lJ n';l::LV;uiCYCY1tl1.,"anlttu.::L~1l LL9iityCY1tl1.
d &: ...... ~ &II .¥.
rlf111lJL1TlDU'l'iilfllJUUlJ'lJ'U1'il'lJtI1!J'lJUflEJ1-J1J1n LLa::L~uityCYlrn

'lJEl-J 2 Lril'lJfl"m111~iflfJ'l'ilUfl£il-li'ilL1JU ftlL'VIflLVin::f1111Jai..l

mh"l"tlvmntJflJl11~1:I'l'l1J'lf1iiL,h 1U'I5Iill'i<f)fllJ'I5Yl~2 ;1.JLiJU011. ,
,jli'W.Jn1'1i}lfl'JJ'hliJlmI'J1I1n,,!'il~ila1J'Ilil¥l~fl"1" VilJi1iii'llty1tl1.~

68



LLftit-3ii~n1dih~1,"-ntl.J~Vl~1J LL~::i1irurulrn~1J~aail"'Jl1J~ u.~::ij~~ .
iqJtylrn~lh::m(\l.iile:hlL ril'IJil~fI111JL1'"l1il1J~~<l1J LLu::atytylrn

'lJu.l~L~nriml1J~ BPF ,nnn11i'in'l:l1f1f~d'''::LY;U.'~i~L''U'hiJty'VI1

m11'VIu'lJB~illml'1~d]u m1L'I'IoHjilu.n~1J LLu::m1L'VIu{JuthuJu

iiI11Jl1Clm'"l"Vm'~"lnarurulrnnl1~u.iil::Ll1ilU1Juhm.mfl'"ll1Jrlriilri~~ "
lu.11.lanJqJl(\l.H1JLLUUNoise Floor ~mllJrlhjiil~un n1Jl.f"~1J~nrn• '"t: .. 'U

.d ~. ~ ...
ml1J nenn'"llml1JL 1T'iillJ'lJil~'W~a1J 1::~lJ'IJil,Jarurul rnalJUuu~~ .
Noise Floor iifilL1.l~[Juutla~9111JOmlm1't'VIu'l1iLviw,r~LiiEl,J-;)ln

fl11JJVlUlUli"1Ja~Ennlf1,f,"ijfhfiilU,r1~~1 ')jL~ij()\~nulunltU
iJqJ'I'Il,nnm1't'l'lU'IJil~lh :g"-;)::LY;uaqJtylrnL~i~L"unil uaerrn

~1'"l"aau ml1J ~tJ111J"ll1~'IJ il,j'll91~ 91am:: iill1J11r1'1h[J1'I'I"1LfI11::,{,
;tytylrnm1~uiil::Ll1ilUMLL1imh;tu

f1] riilLn[J1~ unmnaa iil1Jin~ \-n-[J::iiuur1 i[Jh"tt f1rn'Wii'lln-;).. ct,. .. ,

·m1~LfI11::,{m1~Uiil::Ll1tlU m1li11~1'"l"Uu::nTl'~'~m1m1

1.il1~~n'l:l1" iil1Jlf1m~~LiiI"l1JLYlfItu.tafi (lYlu-nluu.) 2540. w.
{2] Sank, R, L., Tchobanoglous, G, Newton, D, Bosserman II,B,

E" Jones, G, M" "Pumping Station Design", Butterworths,

1989

(3) Berry.LE. "Concentrated Vibration Signature Analysis and

Related Condition Monitoring Techniques.". Technical

Associates of Charlotte, Inc" 1984

{4] Buscarello, RT" "Practical Solutuions to Machinery and

Maintenace Vibration Problems", Update International , Inc"

1995

11.l~1 1f~~~a1J1fil~ 1 ,;1",jlJLflatlu.rhu.ft'1U'W1U.'WfmJr1m';l• • •
uaeean

69



Frequency - CPM

3.5 , ..............••..- - .,.. -.-•..•......- ........•..•...r-: ..--. . ,.......•...........-.-.-.......... .;.. ..- - - ,

3 ~...- -.- -...... 1··················· +... . ! j- + I

2.51--···-e'--·---·····+·-·-····---··········---·-II··-···········---·-·······f-·c··-·--·-··-·-··-·i···-·-···-··-····-··--·+····--·----·-·--···---1

.1,.:-=~~~.-.----I:·· .- -- --- -..-+-: ..- - -..- +........ .. ..- -- + - .
1 ----- - I

0.: -- 1 AI J ttl
o 5000 10000 2500015000

Frequency - CPM
20000 30000

.I ~ .i.... 'f .I,. ~ .I ~ .It ~ ~ ~ .I d ~ • .I
:-tltl 4 Rt1Jt1Jlmn17L~'u~::Ltltl'UU'ULYlUJUml11cH'U'I'I'U1£Jfl111JL11 tl1~tl m~"IJtl-.191i.'lU~nuUy.jYli.'lll"l!Yltl 1 'I!-.1y.jYli.'lllm~l'Utl

ml11L~'1tlU 1800 7tluYiElUln l'Uiil'lfll11L1'U1un'U L1U1UElU LLI'l::L1U1~~fll11Lhiu lYl£JtlluuYlllLtlElf~riEltlElnl'l'l1j

~'U~n17l'1'1aLrilnu 50 % 'lJEl-JriElElEln

3.5 , -.------.-.--.,.- ---.-..-.---- ------- ..- - ..-..- r··-·--··--·--·--········-··.,.··-········-··-· ·----····--T·--·-·--·---·------ .-,

3 ---~-------i-·····-·--·----··---·---I
2.5·--···-·-··· 1-·····

~ 21- -. -I···· i

1,.5 --- -1----, ···-··-····-··--·-·-·---1---·-··-··-·-··--······

0: ~~J=-Ih-m
00 5000 10000

...................

15000
Frequency - CPM

.• 1 .• _ .••••...• _ .• _ ..•••.••• _ ••. + ___.._ .
......

25000 30000

:tJ~5 it1Jt1Jlmn17~::L ihJUu'UtYlLll'Ufl1111ill'U'I'\1.b£Jfl1111L n r\-lfl~ti::11-J~flI'l1l 1'UL1'U1~-J tfl£J~~flamh-Jl"~fl1111

LTmllJ 1800 7ElU~El141n

.3 .,

20000

...................·r· .1 r···---·_········_········_··-··_··
!
!

1

········ --- ~ .
i

0.8 r--.----.-.----- - ..-.- -..-.-.------ ~---Y.~-.-.-- ..- - --l~--··--····-·····-·-·····--····--··-·' ..-.-.··-·····--···-···------··--1

(l_-_-l_-__-1._--t_i..t-~~5__-: -

!

..... ···1

0.2r-.- ....---. -- -..- --..-- -- -- .. --- .--..·I--······---··-·--j-·--·-·-··················--··--- +-··-····-··-··--·····-·--··-·-··--1

I Ir- ..r'V
oo~iJ.-..==",--"""J'<'-'--'~2000~~;;;--'---=='-~ 4000----..2::::~~6~OOO~,A.,.~==~=;:;:6000~=-~--=~=-:'1~OOOO

Frequency - CPM

_,.I ~ .i.... ~.I.1~ 1 .:. .,.1 t.l •.1 ..1
nm 6 1l1y.j'IJU1£JRntntlmm1R'UR::LtlElU"IJEl-J'IIfly.jYli.'llltl 1 tl1~H'UUU1¥l~ .ln7utl 4 stm 1 nun 2xB 2 DIm 1xM

• "&;:'-11 • ....

~ 1xF 4-9 !)[j~ 5,6.7.8,9,10xB: B=fl1111Ln7ElUH'Uly.jl'U, M=fnl11Ln7DUllmtml, F=fl1'llLn7DU~ilall~

70

3 DU.



Frequency - CPM

Frequency - CPM

Frequency - <:PM

;rufllltu.n17~U~::Lnm.UJutilL2J,"fl112Jfihnnb[Jml1JL~' il1ililtmJ'iJllJYliuL'lniJu~ila2J'I!ilil1 'i1Jvr~L'l1Jri'~lj,l.~
~.~ ~ 1

f),'2JL7THIU 1800 71luiillUln tUfiflYll2JLLU,UnU UU,UflU UL'I::LLU'~-:JYll1J,hiU tYlU1.11UUYl1JL1.1ilf~ti1ltl1lnh{

LUYlHYl,

• ······_······_-·····1·· ··-r··········· ··..·· ··..· i

I:~~[~~~l[--~~'-~••..~-~~t
sf -- - ---- - - - - ---- - ;2-~r-,J---- ---.~ -.- ----~ ----- m_j_

o 10000 20000 30000 40000
Frequency - CPM

50000 60000

17.5 r-'-- -- .-., i
15~-·--.-·--···--···-·-I·--···-·-----······..-----i---· ...----.------.+.-.--- ...-.-----.;---- .. - - .. ···---f······

12.sl~_,I-------!·-----------~---------~---·--·---·--~-·-----······--·- ..-1-------
101------1- .. -...... - .. -.--+ ...... -.

7':f--r
2 s t:-l·lltl--- ...-------+- ..-·-···........---..·----+---- ..·-..·..--.------.-------+------.-.---- ------t------- ..·---..·- ..-·....-

00

175 §----- - --_:-..:::.~-~---:: -----
15

1 2 5 ------ -- -- - .-.----j------.--.---+--- ..--..- ..-..------~-.- ..------.---------\--------..-..--- -jI 10 - - - - --f ..········......··..·····-..j

7 : l~~~-::: _.
2.5 t--ri -----. --·--·-·------\----------·--1--- ..-·-···-·--·-·-----

00 10000

........

20000 30000 40000 soooo 60000
Frequency - CPM

.... -- ......

! . .......
. ............

... .... -_ ..;
;._ .. .... -

20000 30000 40000 50000 60000
Frequency - CPM

.. '-1 ... _ ..... _--.

10000

.I. ~ ~. t .1.1' ",.I ~ .It -!'t ~ .l.d - • .IJtlrt 8 H'l!'l!'r;unl'HiU~::Ll1f)UUll. tlL1JUfl'll1JO ll.'VIWIUfnl1JLTI rnsm mJ'iJll-:JilaU~nUUV'lYla2J'I!Yll1 1 'I!-JV'lYlL'l2Jmnu.l1

fl11lJL~'mllJ 3600 7fllJiiflll.ln 1uiiflYll1Juu,unu UU,UflU ua:LLU'~-J ill1Hh~1J tYlutl11Jut;llJLllflfiltillflfln1'1'11J

rt,"iln1~I.'\'IL'lLtiln1J 50 % 'J1lJri£Jlllln

71



r-----.--.-.-.-.- ..- --.- ..------.-.-- ,--- ..----.-----. ----- -..- ---.--.-.----- ----- ..-..-- '-- -.' -- ..-..-.-..
~7.5 --I-------4------__j

~5 1----.-.--- ----.---..-.--..--.- 1--.--.-.--.-..---------.-----.-.----.------.-- ---'-"---'--'-
~2.51--'-----~--- .---}----- ....j-- -·-·---l--------I-------j

jf . ~0 I-.---I-.-----.------.---I---- _---._ - -_.- -.-_-.--+--_.- .._ ---_---_-.'--4-'- .._ -_..-- _.- ---I---- _.-..- ..-_-.- -_..- ..--_.-- ..-+--.----.--..- -----1..-..- .
~ 7.5

51---11---+- .--+------ --.--.----t--- ..------ -.-...-----
2.51-1411---+-----~~-----1------+----_4----__j

oO~lLlU-I--~.~OOOO~~---=~~-----=~~---~~~----~~~----_J• 20000 30000 40000 50000 60000
Frequenc:y - CPM

.Jtl~9 ity'lJ1mm1~Ui:L+ia'U.U'U.ttlLlI'U.m111m'U.l\\bvm111L;. ~1tli1t.r::.1~~tlL'l1l1\4U'U..~~ ttlV~~.U'illyh~1'U.~m111

Ln1au 3600 1aufia'U.1n

2 3

2.:,.-------- _-I--r------rr---r-_-_-_-_~=·j··· __·_==· l---··-·
I .

..........-·-l ---1----··- .
····__·---·-1--·-

-----1.--.-- ..
I

l
__ oj

-1
I

.J

2

.·...._._.1.· .. -

1 --.--.----- ..-.--.---

0.5 _-_._.__._.._.._.- _-_-.._..

2000 4000 6000
Frequency. <:PM

8000 10000

_1.1 ~ ~.. ~.I.1 ~ 1 ~ tI.I 1.1 •.1
nm 10 1l1mV1VR'l!'l!1mn11EnUr.:L'na'U.'lJa~1I~~tlL'l1l11 1 l1,~ 'U.LL'U.,tl..1,11m 11 8 sun 1 nun 2xB.. . , " 'I"

1..:1 ~ ~.... ~ ....
3 a~l1 1xF : B=fI'111Ln1!lu,,",V~1'U.. M=m11JLn'!lU1J!lL~!l1. F=fI'11JLn1aU~~all

2 mii11xM LLL'l:•

~7.5 " ~~-'------- :=~-=:::==-..::=::::::I==:::::-_::==::::=i-=:::==~~:::::::_-:::;:::~~::::=:::=:=:l-::':::-..:-_-..~=.....-.-.-.--.---
~5 ~..-.- - --..---.-.

~2.5 -------.-- ··-·--··-····--·-··--··-I---·---···-···----··l---········--·····-·····--1-······-·····-··---··-···-··-1--··---.- ..--.-.--.-

I ;.~r- ----- =~:__~._-.._-._.-I-- ...---- ...--.j--.---- ..---+---.---.----I-- ~~::__~=~==-
·1··-

-i oooo 20000 30000
Frequency - <:PM

40000 50000 60000

~:·:r=r=_;:::_=_=_==l.=.=== ==I=====~====-"::= .._::::..=:::j:._===::::.:::::=::1::::::::::::.=...=..=.....=.-~nl
~2.5 1--- --- ...__.__+ .__ .. 'i ... ..._.__..+_..--·-·--·-·--·-·-1----·-·---··----1

-* 10 r- .--- .------- -----------j
~ 7.5 f-- .---- -.---..----+--------i.-- ..-..----.-·---~·---···----·--I-· -------1

2.= --+i I ~ --::~:~I::__- - - ~--- ..-.-.-.----- j_. _ _ _-r- _.._ __-1-· - - - jl

00 10000 20000 30000
Frequency - <;pM

40000 soooo 60000

17.5 .---- -..-.'.-.'-'---'-- --.--...··-··-=·=··-:--l·r=.:=:=:=~::::)i=_::=::~:::::::::::;r·=::~:··:.::::--:..:.:":"':"-::"'::]-:::=--::.::
~5 - .----.-- - -- --- - ---..1--- - ..- -.--- - +- -.-.-.--- - +- - - - -. 1·- - --- --. ---

12.51--- ---- --.--..-I ;.~f------------
2.:~~i=~~=~~-:--~:---~---.----l--...-.-...---.- ..-..-+.- ..---.-..---.-.-.---.---I-.--.--- ..---.I--~:=.-====

00 ~0000 20000 30000 40000 50000 60000
Frequency - <:PM

+- --.- - - +-- -.- -- - -J. ..-- - -..---.- -.. -._..- -..-.--.-- ..•---.-
-+_._ .._-_._---__._j-_.- .._._--___.._._._+_.-- ..-..-- ..-..-.--~ _._._ ..__ ..__ _--.

1t1i111 inlnntu.mltfuR::L+ia'U.U'U.t~LlI'U.fI1111~lWI'lthVfI1111L7, fl1~i1tm..1'IJ!l..191auRn1'l'U.~tlL'l1J1I~t11 ;h~ilL'l1Jn1..111.l• -a;:.a;; • <II ,

i1f11111Lnl!lU 3600 1au9ia'U.1n l'U.fif'ffl111LL1.l'LLn'U.LL'U.''U.!l'U.LLL'l:LL'U.'~-,191111lhiu l~vtli'uufl~JLtlafi1Yia!lan\~

LililRil•

72



a61~~::-:_:-~~r~== ---:---:·==-_:::l=~~':::·~-:==:~~:::'+=:·:=:=:=:::::·==l::=-==::""-=:::=:::t=·- -=--:~~=:=~-===..
- . - -- +- - -- ~--+ -.-- -- -..-..I----- ..- - ----.---f -.- ----- -----

14 - -- - --- - - ---- --- -------1-·----···-···-···- -.y-- - -..--..- --../-- -- - -..-.---1:b~ -=- :---1.---- ..--.-·--·--·1··········-·--· -- --.-+.------.-.-.-- ..----1-

o ·~~,~0~OO~0~~~2~OOOO~-~.~----~30000~~------4~OOOO~~-----SOOOO~~~----~60~OOO

Frequency - CPM

e _.:.~::~._.:.::.:~:::~:::~:_:.i::~.:_..__....__ F:::·~:·::::::::·:·= :.,=i':"':"'::::..:.:.:..: :.: :'-:':.:''.::::+.::.::::.:::.::::.:''::: "'---~'-:::"':::--l-='"-.: -.-..-.-.--.------

6 -..------ ....--..-.- --··--··--·····--··---··-·-1--·-----·····-·--··--·· +--...-..--..-.-....-.-+--..-...-....--...--.--+--.-~.--....--.-
I4 -------- ..-.-.-.------.-.-.-.'.-'-.-.--I--------·-·---·--~- -- - --- ..-J.-- --.--.-.--t ..--- -.-----

2 --r-r-------
00 10000 20000

---+-- ....- ..-.---.-...-...-.-..+ ..--...-...-....-.-..----+----_··· __··--·---1------·_· __·_--

30000
Frequency - CPM

soooo

61---····························-1-·················· .

14 - --.--- --
2··

60000

°0U-~-----,-OO~0-0-------2~OO~OO~----~3000~~0~-----4~OOOO~~-----5~OOOO~~------60~OOO

Frequoncy - CPM

nJ.I ~ ~.. t .I,. .., .I ~ .I.. ~ .I 1 A• n 13 ~'lI'lI'1mn11RUti:L't11ll411" 'lL1Jl4fnl1JClLl4V1l41Ufl111JL11't11'l't1L10l41JO']Vl'lfl1J,,!~l12 l4't1f'f9l11JUl41U0l4

UWll40l4 UfI::Ul41~'] fl11Jthfiu li1mu"liiiDilTln11'Vlflfml'fI. ,

2. 3
2.5 - -----r

. I
-_.L .._ .. -.---- ...-.-.---..-- ....,- ...

2 .- -.- .

..;1.5

10000
Froquency • <:PM

20000

nJ.I ~ ~.. t .11' .., d~, .1.1 1.1 ..1
l114 111Vl1JU1U~nlnllmn11~l4~::Ll10"1l" flL1Jl4fl111JCll4V1l41tJfl111JLn l11~Hl4Ul41UOWil1mu't1 13 ilUfl 1 OUl1• -11-a1 ... ...

262.5 CPM 2 mj~ 1xF 3 or.i~ 6000 CPM : F:::fl111JlhHmWfln1J
" "

73



e ==_ _.. -_ _ :::.:._1-..::~::::'::::::===::::::·II::::~..~:::::~::::=::~::::::=F~=::::=:=:=~=:=l::::::::=·::::=:::::::~::::::·=::l ..-··-"':::==·=:::::=::::::"

6 .-- -.---- -.-- 1--- ---- ······1 · --· ..--·---- ..·· +···..··· ···..·····..··-..-.- l-·-- ..·····..····..·--·--· ..··

14 --I"-..........---.. ..------
2 - -.. -~-- ..- - - - ---- -~ --t-·-·· ....···--·--· ..··..·-··..·j..··--······----··--·--·..··1······---·-··-··-·--· ..·-··-··1··._ ---.--- ....---.

00........."'" 10000 20000

e - - ..

30000
Frequency _ CPM

_-.- '.' - -_",----_._-_.-._._._-.-,_.

40000. 50000 60000

............ _ ..

..··..···1··6

2 .. I-..t..~...
°0~-A--JL~1~0~00~0------~2~00~0~0=-----~30~OOO~~----~4=0~0=00~----~S~0~0~OO~-------60~ooO

Frequency - CPM

20000 30000
Frequency _ CPM

40000 50000 60000

1t1~ 15 «runnrn011iuff::lfitlUuul~llJum11J~lumb[Jfl111J11' ~1i1~L1tlU'lJtl~~~iil1J'!l'iI~21Ul1f'1V111JUU'lunu
• 41 ., •

UU,UtlU Uiil::lLl.n~~~11J~1iU 1~[Jtl1:uLLr-lu~J1uiJilyjritl'IJ11'1i1'IJ£iu't1li'Ju1::[J::'Ym50% 'lJtl~iltlUliJilH~,

74




