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Investigations into Grass Mower Vibration 
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'l..I'VIf'lliI!I'2l 

n11~ m,n f11n11i'Wi\:;L~ '1I'W 'JJ '11~ LA1'11~ r;i'1il'l-1 ru1~ 1~n UiJ'i'Iilm.lt:;i\~ 1'1. . 
• 

5.5 LLN~1Ltl'Wilf'Wr'h~~1'Wn11Vh~1'W Vhn11~1ilr;i'~L'lI'WL'lI'1IHM~1mi~ (Accere1ometer) blilU 

d •• 

A'1I 1. A'W"llJ 
, 

d Q 

A'1I 1.LL'W~Iil~ 2.LL'W~ 
, 

..... "'" r;; 4 ""~ IS' iI,;;\l
11'\l-I 3.Lb'W~LLn'W A~1l-1L1~1'11lJbA1'11~U'W1il bVlLn'1l1 5.5 bb1~l-I1 A'1I 2,200, 2,500, 3,000, 3,500 

,
,""01 O...,d iI i.ld ,..,. 

1'11lJlil'1l'W1V1 LLi\:;j\1'1-11lJbA1'11~ !l'1l'W1il1 5.5 LLNl-I1 A'1I 1,500, 1,600,1,800,1,900 1'11lJlil'1l'W1V1 

1:Ji\n11V11ili\'1IlJLA1'11~r;i' lil'l-1rW1~1~11U (1V1Ln'1lf 5.5 LLN~1) f11n11i'Wi\:;bVi'1l'W"l:;iJre11~~~ 1il1'WbL'W~ 

~~~A~1l-1L1~1'11lJLA1'11~u'Wiil 3,500 1'11lJr;1'11'W1VI 1'Wi\Il1'W'1I~nlJ~ f11A~1l-1Li~~~~1il1'W~1bLWW~ 

~Iil 1'W~1LbWW~~'W~lJ LyhnlJ 13.84 bl-lIil1~'1I~'W1V12 A~1l-1~ 16 LiifVl A~1l-1L1~1'11lJ 3,5001'11lJ~'1I 

'W1V1 1I1'1-1flJLA1'11~r;i'Iil'l-1rW1~1~11u~H'LA1'11~u'Wiil !l'1l'Wilh 5.5 LL1~ih 'WlJ~1~A~1m1~1'11lJbA1'11~ 

u'Wiil 1,900 1'11lJ~'1I'W1V1 1'Wi\Il1'W'1I~nlJ~ f11A~1l-1d~~~~1il1'W~1LLWW~~'W~lJLyhnlJ 2.5 Ll-IIil1 

~'1I~'W1V12 A~1l-1~ 63 LiifVl LLi\:;I:Ji\n11V1liljj'1llJ~Lnuf 1 f11A~1mi~~~~1il1'W~1LL'li'W~~'W~lJ LyhnlJ 

3.2 bl-lIil1~'1I~'W1V12 A~1l-1~ 50 LiifVl A~1m1~1'11lJLfe11'11~u'Wiil 1,5001'11lJ~'1I'W1Vi 

2 , 
'1I1"l11U 

Aru:;~ l'\~m1l-1bbi\:;b VI Ab'Wbi\~n1nmetIil1 l-Im~VlU1~m VI Ab'Wbi\~n'lll-l~ Ai\ liry1.i~ 



4 

ABSTRACT 

This research project was conducted to investigate the vibration characteristics 
of grass mower in the laboratory. The main objective of this research was to measure 
the vibration signals of two model of the grass mower. The first model used 5.5 hp 
Tiger engine as a power source while the another model employed the 5.5 hp Honda 
engine as a power source. The accerelometer sensor was used to measure at the three 
different positions i.e., handle, engine block and cutter bar of the machine. The 
accerelation of the machine was divided into three directions ie., vertical, lateral and 
horizontal, respectively. The revolution speed of the Tiger engine was selected at 2200, 
2500, 3000 and 3500 rpm, respectively and for the Honda engine it was 1,500, 1,600, 
1,800 and 1900 rpm, respectively. Based on the test results, the vibration of the machine 
with 5.5 hp Tiger engine was the highest at the vertical direction compared to lateral 
and horizontal direction. For stationary mode, the accerelation at the handle in the 
vertical direction of the machine with 5.5 hp engine at the engine speed of 3500 rpm 
was 5.3 m/s2 corresponding to the frequency of 12.5 Hz. During transportation mode at 
gear combination 1 with engine speed of 3500 rpm, it was observed that the hightes 
accerelation at the handle in the vertical direction was found at 13.84 m/s2 

corresponding to the frequency of 16 Hz. 
For stationary mode, the test results of the machine with 5.5 hp Honda engine at 

the engine speed of 1,900 rpm was 2.5 m/s2 corresponding to the frequency of 63Hz. 
For transportation mode at gear combination 1 with engine speed of 1500 rpm, it was 
observed that the hightes accerelation at the handle in the vertical direction was found at 
3.2 m/s2 corresponding to the frequency of 50 Hz. 

Key words Investigations, Vibration, Grass mower 
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Lm~'Im~~:lJ dlkl\-1~n ~1btX1.h~ L'VI1'!1'VI£Ji'Ji\klfh~~'1I'1In~1kl:lJ1 n dlkleJ~ 'I eJ'<l'VI1~mnn1etm 1klm~ 

~1m~Ln1et'lmiJiJ;~L~:lJ "~bolfLLN~1kll'1klLUkl\-1~n LLIii\~'1I1111'1'11'I i\1\-1n~~:lJi'Jm~'jJm!Jiii'1:lJ1n~kl• 

:lJ1n ~1btX\n l11il t1J\-1 1rn ~'jJ1111\\1'1auu~~ ~1klbklm ~~1 rn ~Ln1et'l~ \~ '11 VI 111 L\'VIklLLN~ 1kl~ 'II1111\-11!J11.) 

~ 1 \U1.lIif'1l~ 10lfLI'11'11~9 n snmn 1et'l~:lJ1']b!J LLnil t1Jl-l1 m~'jJ 1111 LLI'1 '<lklLLN~ 11.1 l.h:;m'l'l11L1'<l1\L'<l ~ ';1bolf . , 
r.h!J kl'il n"1ni:1!'l'~']hmYi:lJ eJ'<leJ~ 'IVl1~mnn1et'l~~n 11I1!J 

bklm~~1~ ~ \-1 ~1 L~ m li'l1" d'l kl~ n'VI1~ L~'il n \-1~~'jJ'il~ Ln 1et'l~m L~ 'il i\~1 ~ ~1 £J 111f1tXn'IJ 1'1 ffi'IJ 

I'1f1 bl11!J ~kl€ml~h ~ ij£J:lJ1J '<l n 1111uri ~kl€LL'il~bmh bl11 m'ilYl1::11.1~ kl~ 9'~\-1-r111-D£J 1.11'VI i'Jmn~!J~ <)1. . 
LUkl91kl1kl:lJ1n \n1et'l sn n~ m 1'<l1:lJ1n11.1ikl'l'ilklm~iii' 111\-1 ~1 L~!J ~~'11" LOW ~1 :;!'l'~ 1'1~ 10lfLLN ~1kll'1kl 

bklm~iii'111\-1~1 ~~\-11.h!J~1kl'VI1~~1'11 m~OW!J1m:lJ~~L\'11:lJm~b.j'LI'11'il~ iii'111\-1~1 'ilth~hlim:lJ LI'11'il~ 

iii'111\-1 ~1~1olf LU klLI'11'il~ iii''I\-1 ~1"1n 1ii1~1J~~ L'VI f'I ~~ i'JnI'llL\OW ~ hiL\-1:lJ 1~i\:lJ nm1!JH('jJ'il~ Ln1et'l ~m 

nmj'il!J hl~1kl'jJ'il~bI'11'il~iii'111\-1~1~eJ~ 'Ibkl1J~~bVlf'l1'VI!JM~ hJl'11l-J1~n eJ~ 'I bl'1i'il~9m 1tXi'J 

l'1:lJ ~~nkl~LL'<l ~1J~~i\ VIfi111 OWbkl rn ~~1~1kl~~ LUkl~!J'il:lJ fiJ 'II'il~ Ln1et'l ~mbl11£J ~111J bl11!J L'\lOW 1~il '1! \-11 

bji'il~ m ~~kll'1~ \Vi'ilkl 'jJ'il~ \1'11'il~9'm~1\-1 f'IJ iii'111\-1 ~1 ~~,r1.1tl'1~, ~1kl~ 9'£J~ i'J-r111 Q1J ~:;l'1~ I'f\~ 'il ~ n1et1 

rn ~~1.1 i\~L Vi'ilkl 'jJ'il~ rn iii'111 \-1 ~1'l1~ n!J~~eJi\ 'Ibl11!Jb~~~ 1klbkl1J~~ L'VII'! \~'il {n L'1I1-ii'ill,j'<l~1111l-J11JfiJ 
..... .d....,... ,..."""""'" 0"""': J' 

1J \~ \L'<l:; YlIilJ 1.11 \11 ~'il~ '1111 \-1 t1J1 \LiJ'IJ'l1~ ~1!J 1l-llJ1J~~~'VI fil110W Ium ~Vl1~1kll11£J~'jJkl 
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'1Iunnu• 

2. Software LabView 7.1 Express 
~ r

3. 1'1'1ll.J~~Uil'1l~ 

4. "W1-Wm91JL~~1 
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1111Ili\Hi1ii'~ -.11~1'Wtl11mfij!'1l~1J'l,1I;lb1J'W:n'W'lJ'W11115.5 LLNih 1~1J 4 4'~'\.1~:; ~,x'1l Tiger_169 

LL~:; Honda tl11mf1~'1l~ Iii111'\.1 ~1~ 1~nlJ~L-nLf1~'1l~IJ'WiillI'1l'WJ11 Lu'WiIf'Wri1ii'~ L'Wn1~i1JLf1~'1l'WLLl':;i1J 

'lI~ L1JiJ 111 \J1f1Jnww~'W1 LI\'l:;uf1JUN"1 nLf1~'1l~ Iiil11'\.1nhi'Wllm~L-n bf1~'1l~1J'W1111 '11 Ln'1lf dl'WiIf'W, ~.. ~ 

(a) (b) 
"t1Vl 3 LLM~'lIl11i1f'Wri1ii'~bf)~'1l~Iii~'\.1nh~1~nlJu. • 

• 
'\.1~1~1~~11J tl11lJ-.11n1~'I1I11I'<'1l1J 3 ~1LL'\.1'll~r;1~i1 1. ~1lb'\.1'll~~'W4'1J (Handle) 2. ~1bb'\.1'll~~1'W 

Lf1~'1l~!J'WiiI (Engine block) LL~:; 3. ~1LL'\.1'll~L1JiJl11 (Cutler bar) 
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6. 

~~1LL'l1'l.i,~3000 Lb~::; 3,500 ~!llJllI'O\J1Y11i11lJ~1.llJ 'VIIilI'1!llJn1~i\Jl'1::;bYi!l\J 3 ~1Lb'l·nl, 

LL\J~~' LL\J~fl'li:l bb~::; bb\J~bbn\J ~~1bL'l1'l.i'Lb-.i\J~1'bfi~'O, bb~::;~~1Lm'l.i''JlIil\lJi:l1il, 

7. yhn1n~EJ\J~1i,'L1Jmn~lJ<ilJL~~1 20 ~\J1Y1 \\Jn1~'VIIilI'1!llJfhn1~i\JI'1::;LVi!l\Jbblll~::;Lb\J~ 

8. 'lhii!llJ ~~1.1"l1n n1~'VIIilI'1!llJ lJ1~ bfl~1::;,xbmEJlJbY1 EJlJ n1~i'\JI'1::;LVi !I \J1\Jbblll ~::; ~1 LL'l1'l.i, ~ • ,. 
~ Iiloj, ~t1 mruiIilrnn\\J1'1::; LYi'O \J 

, 
:;'l.iYi 5 bbl'1li1,';jfin1~'iIilm1lJ b~~~!llJ'lI!l'bfl1!l-11ii1il'l1'1d1Lb1JlJ~1-1~1EJ 
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n1~'VI11I ~'1lUn1 ~i'W~:; b~'1l'W'I'1l~ bAi'1l~oi I1I'\HY1'"J1~nu HI ~ 1L\j'Wn1~'VI11I ~'1lU~ I'1ru:; 

:j f'I'"J n~nlLbl'l:; l'VI A1'W1~!J n1 1lmilil~ lJ '\11:j'VI U1 ~u b'VI I'll'W1l'l!Jn'1llJ~ 1'1l'l firu U~ ~~wi111 tI'VIlJli1tl. , , 
..... ~ d J'.c:l <V '.c:!l .d .....D I

~n'letru:;'1'il~Yi'W'VI'VI11I ~'ilU b'iJ'WYi'WI'1'il'Wn~1iI n1~'VII1I~'ilU"l :;'VI1n 1~'"J 111 A1n 1~~'W~:;b'VI'1l'W'I'il~LA~'1l~ iii 111 

'\1ru1'"J1~~1U iIf'WbbUUll11ub-nbl'1i'il~u'Wr;1i'W1 'VI bn'ilf 5.5 LbN~1 Ltl'WiIf'Wn1~~ 'VI11I~'ilU~I'1'"J1lJ b~'"J~'1lU. . 
2200, 2500,3,000 bLl'l:; 3500 ~'ilU / 'W1Vi bbl'l:;'VII1I~'1llJbAi'il~rIi'l1I'\1rU1'"J1~nu~ilil-l'W11I11Uh~ 

~1'WtI~Yi~';~n~nl'lLn'letlil~ (f~iilil Al'l'il~ 10) Hbl'1i'1l~u'Wr;111'il'Wt>11 5.5 bbN~1btl'WiIf'Wn1~~ 

lI11U'>11n1~'VII1I~'ilU~A'"J1lJL~'"J~'ilU 1500, 1600, 1800 bll'l:; 1900 1i11lJ~111iU 

n1~:jlM1:;1l".hn1~i'W~:;L~'il'W'I'il~Ll'1i'il~oil1l'\1rU1'"J1~~1U bii:tlnbn~lJ LAB VIEW 7.1 

EXPRESS 1111 Ul'Un1~:j Ll'1n:;1l"'>11n1n;U'Wlt1 mn~lJb-nurn~~ 111 r;im:;'\1~1~"ltl n~ru'il1IiClJ ClJ1 ru 

i'W~ :;l~'il'W (Accelerometer) bb~:;'1I1'11h:;lJ'"Jl'l~l'l .h~u'Wfin"l:;'ilUb'W~tI'I'il~rIi''"Jbl'l'l ~1lJ1nl'W11t1 

:j bl'1 n:;'\11'W •~tI'I 'il~ 1'1 '"J1lJ ~lJ i 'Wlh:;'\1~1~ ri 11'1'"J1lJ ~ u l'l:; fI '"J 1lJLi~ (rms) unu X "l:; bb'VI'WiIi''"J u ri 1 

fI'"J1lJ~ (Hz) al'l:;blntl Y bL'VI'Wt>1'"JUri11'1'"J1lJbi~b'Wm.hu blJliI~ /:jtl1Vi' lI11U~~n1~'VII1I~'ilU~ 

fI'"J1lJL~'"J~'ilU 2200,2500,3000 lLl'l:; 3500 ~'ilu/tl1Vi bb~l'I~rIi'~l:tI~ 7- 9 

"l1nnnrin1~'VII1I~'ilUn1~i'W\'l:;L~'il'W~1l1'"J:;'il~riu~ ~~1b1wtl~Ii'W~u (l:tI~ 7) ll1Yi (n) 

"l:;1t>1f1'"J1lJLi~~~~liIb'Vhriu0.12 blJliI~r;i'il:j'W1Vi2 rl1f1'"J1lJ~'1l~~ 50 liif'VI ~fI'"J1lJl~'"J~'ilU'I'il~bfli'il~ 

U'Wr;1 3,000 ~'ilur;i'il'W1Vi '11'"J'Wll1Yi ('I) fI'"J1mi~~~~l1Ib'Vhriu 0.02 llJliI~r;i'il';j'W1Vi2 rl11'1'"J1lJ~ 

'ilU~ 1.6 liif'VI ~fI'"J1lJL~'"J~'1llJbl'1i'1l~u'Wr;1 3,500 ~'1lur;i'1ltl1Vi bll'l:;ll1Yi (fI) "l:;1t>1f1'"J1lJd~~~ 

~l1Il'Vhriu 0.24 blJliI~r;i'1l:jtl1Vi2 ~fI'"J1lJ~ 5 biif'VI ~fI'"J1lJb~n'1lUbfli'1l~u'Wr;13,000 ~'1lur;i'1ltl1~, 

b~'1l'\11 A'"J1lJ bi~~~~ I'I~~ 3 u'W'"JlJ1lmUU bViuuri'Wtln n:o~1~ 1i'W~u u'W'"JLbn'Wi'J A'"J1lJ d~lJ1 n~~ 111 
," , I 

btl'W~ l'l'>11b~ Lii 111 m ~i'W ~:; b~ '1l'W~'W ~ 1b'\1li1lJ1"l1n n1~~tl~:; bfi'1l'W'I'1l~ L.ij\'1l~ U'W r;11'i~ ~l'l n ~:;'VIU lJ1!T~ • 

" , 
1t>1f1'"J1lJbi~~~~l1Ib'Vhriu 2.32 Ll.I(;l~r;i'1l';j'W1Vi2 rl1f1'"J1lJn'1luVi 63 biif'VI Vifl'"J1lJb~'"J~'ilU'l'il~

• • -u 

bfli'1l~u'Wr;1 3,500 ~'1lur;i'1l'W1Vi ~'"J'Wll1Yi ('I) "l:;1t>1f1'"J1lJLi~~~~I1IL'Vhriu0.44 blJ(;l~r;i'il:j'W1Vi2 
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l'i111~1l.J~'iI~~ 2 bilf'll ~11~1l.JL~~~'ilU'll'il~L11i'il~tJ'Wr;l3,000 ~'ilU(;j'il'W1Vl b\~::111'0'1 (11) ,,::111( 

11~1l.JLi~~~~Ii1L'YhrlU 23 Ll.JIi1~(;j'il'l'W1Vl2 l'i111~1l.J~'iI~~ 80 Lilf'll ~WJ1l.JL~,)~'ilU'II'iI~b11i'il~tJ'Wr;l~ 
'" 'r 

, 
I 2,200 ~'ilU (;j'il 'W1Vl bjj'il11111~ 1l.J Li~l1~ 3 u 'W')l.J1 LmtJU L~ tJ U rl'W1J n n{]~ 1VlLL vi'W~1~ L111'i1~ 
I 

Q ,o::l 0 '1''''' ' 4 X'd 
u'W~ LinUl.J 11~1l.J bN l.J1n'lll\ Ii1 bilu~ ~'1111 'l-l tn Ii1 n 1~~U I\::b'II'i1U'IIU 1\1L'l-l1i1l.J 1"1 n n1~~UI\ ::b'll'ilU'II'iI~ .., , 
L11~'iI~tJUIi1 

"1nnnvl m~'11Ii1I\'ilUn1~iul\::bV1'i1Ul\lm::'iltl rlU~ ~ ~1 Lb'l-loJ~'lI1i11Uilli1 
" , 

, ... ,"" """II" 0:::1 a
(n) ,,::1I1111,)1l.JLi~I\~l\li1b'Yhnu 0.34 Ll.JIi1~(;j'il'lU1Vl2 111m1l.J11'i1il'/i 50 b1l~'11 'IIf\,)1l.JL~')~'ilU'II'iI~ 

oJ , .. 
b11~'iI~tJUIi1 3,000 ~'ilU(;j'ilU1'11 Ii'h'Wm~ ('II) ,,::1r1(11,)1l.Jbi~~~~ Ii1 b'Yh rlUO.068 Ll.J m~'iI 

, , 
Q co ciI If" , Q 

'1111,)1l.Jb~,)~'ilU'II'iI~b11~'iI~tJUIi1 3,000 ~'ilUIi1'i1'W1'11 LLI1:: 

111'0'1 (11) ,,::1i11m1l.JL:i~I:'1~l:'1l11b'YhrlU 0.03 bl.JIi1~~'iI'lU1Vl2 l'i111,)1l-J~'iltl~ 63 Lilf'll Vl11,)1l-JL~,). . . 
, . 

~'ilU'II'iI~L111'i1~tJUr;l 3,500 ~'ilU~'ilU1Vl Ljj'il11111,)1l-JLi~11~ 3 bLU')mLmtJUbVltJUrlu1J~1n{] 

~1~'lI1i11Uilli1 LLU')~~ jj 11,)1l-JLi~l.J1 n~1\ Ii1bUU~m111-Xbn Ii1 m~iUI:'1::L Vl'ilU 1:'11b'l-l1i1l.J1"1n m~iu 

o .... "'::II c' (I ,Q.;" (V 

'l'lm')::::n1"'\Il1~1'W'\IlbMJ'1 lJ11bb'l'l'W~1'1'W"'U 

m~'l L11n:;"fl'i1 n1~i'UI:'1::bVl'ilU'II'iI~b~i~'iI~r;]1II'l-l rY1,)1~nu 1UI:'1I11')::nwvh~1U~LntJf 1 

Lonl1Jmml-J LAB VIEW 7.1 EXPRESS 'i:li1tJ1Um~'iLf'I~1::"f;11mn~tJu'i:1Jmml-J1-num~~1i1 

(;j'il~::'l-l~1~"l1Jmru-r1i1~'1J bJ.! 1 ru iUI:'1::LVl'ilU (Accelerometer) LL ~ ::11i11J ~::l.J ')11 ~ ~ l'i 1~tiuVi n" ::'iI~ 

1U~1J'II'iI~ r;]') LI1'11 1:'11l.J1 ~ml1'l1J'l Lf'I ~1 ::'l-l1U ~1J'II'iI~ f'I ') 1l-JIil-J ~Ull~::'l-l~1~l'i1 f'I') 1l-J ~ LL ~:: 11 ~1l-J d~ 

(rrns) LLnU X "::LL'VI'WiII,)tJl'i1f'1,)1l.J~ (Hz) LL~::LLn'W Y LL'VI'Wc;\'')tJl'i1m1mi~1u'l-loJ')tJ bl-Jli1~ 

l'lU1Vl' 'i:li1tJ~l1m~'11Ii1I:'1'i1U~f'I~1l-JL~,)~'ilU 2200,2500,3000, 3500 ~'ilU/U1Vl LLI\Ii1~I1i~~1J~ 

10 

••1 ",,, 0 01 __ .. , .,01 ~~ 

"1 n nn '" rn ~'11Ii1I:'1'i1Un1~" UI:'1::L'VI'iI UI\111')::m ~'111~1U'II f'I U"mnm 1 (~lJ'II 10)":: bli1•
,,' , 

, , IV ,,,,,, .:012' ... ,-=I .... r... Ci d If" 

f'I,)1mNI:'1~I:'1Ii1L'II1nU 13.84 bl.JIi1~Ii1'i1~'W1'V1 111f'1,)1l-J11'i1U'VI 16 Lfj~'11 '1111~1l.Jb~,)~'ilU'll'il~Lf'I~'iI~tJUIi1 
'lj q. <rl.l 

, .. 
3,500 ~'ilUIi1'i1U1'V1 
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(n) LLU~~~ 
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: g) ~ ~ ~ 

---+- 2200rpm 

-·....-2500rpm 

3000rpm 

3500rpm 

--~------------------------

(fI) LL'lmLnu 

'itlvl 7 n11rJ LL~ IMm~i'lJl'\::LVi'1l'lJ~ro1'lJ9U~1l1~::'1Itlnu~ (~'lJfI'1I'lJn1[;l) 
~ . 
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---+- 2200 rpm 

____ 2500 rpm 

3000 rpm 

3500 rpm 

o 

---+-- 2200rpm 

_______ 250Qrpm ~ ~
::l,
 
---.J 

n ,-- -­ -" ". .. 

~ 0.04 ----------' -I 3000rpm 

~ 0.0: - ~~:~:-- : 'J.~.-~ ~,.,." . " ~~:~~----:- . . .. .1 
.0, 350Drpm 

~ ~ ~ N ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ @ ~ ~ ~ 

.... PI,,:U;\ Hz.... 

... 0.04 r----- ------- --- ------- ------ _. ---- ---- ----- ---.- +--- - --- - -- --- , 

~. 0.03 l- -- -------- ­ n =f5J
--+-- 2200 rpm~ 0.02E---- -------------------- : 

1-__- 2500 rpm 
~ 0.01 - - - ----- ---- -- -- -- -- -- -- I 

_ _ 3000 rpm
a Io 1~,(§ --fi\ 1 p,. ,-I\}, t..~ (-iiI, f\-- 'r- 3500 rpm 

.... ~ ~ N M ~ 0 ~ ~ ON N~ ~ g ~ ~ 2 
~ ~ .... ~ M ~ ~. - ­

Fl"l1:un ,Hz 
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16 ,.
1! 12 
E 10 
~ 8 
i! 6 
:; . 

2 
o 

~ 4 ~ ~ 

el'l'lm..V1I11'i'l'fl'lJn1"'i'l'IJ'i'l:::WI'fl'IJ (il'fl'IJ11I1 5.5 LL"~:lJ1 
,CV4C1 ...... cv
 

'i'l.l11'd'::'fl!ln'IJVlI1I1LL~'IJ ~ ~ 'IJ"l'IJ
 
~ 

m~'iJ bPln~~ I'h m~i'U\'I~bYi'1l'U'1I'1l~bPljl'1l~ oi~""rJ1'd1~nU ~HbPljl'1l~u'UiiI!l'1l'U~1 5.5 

bb~~l~h d'J'U.-r'Urh<\'~ lfLl.Jnbnn.l LAB VIEW 7.1 EXPRESS t~ul'Um~'iJbPln~~yhn1n~u'U 

tl.Jmn~l.\ l-n1urn ~iii ~ Iii'il~~""~1~"l1.J nnW'1~ Iit1,J t1,J1rui'U\'I:;bYl'1l'U (Accelerometer) ue :;1~1.J~:;l.\'d~ 

C.\ ~ I'h~ U'UYi n" :;mJ1'U~1.J '11 '1l~ oi'd b~ '11 \'I1l.\1sn v'111.J'iJ bPi ~1 :;".,1'U~1.J '11'1l~ PI 'd 1l.\ Iil.\~'Ufi~:;".,~ 1~ f'11 
, , 

PI'd1l.\~bb~:;PI'd1l-lbi~ (rms) unu X ":;bb'VI'UiIf'duf'11P1'd1l.\~ (Hz) bb~:;bbn'U Y bb'VI'UiIf'dUf'11 

bb~t 1900 ~'1llJ/'U1Y1 

"1nnnrJm~'VI~\'I'1l'lJm~i'U\'I:;bYi'1l'U\'IJl1'd:;'1ltJri'lJ~ ~~1bb""'ll~I'i'U~'lJ (~1.J~ 11) Jl1Y1 (n ) 

"'dilfPl'J1l.\bi~\'I~\'I~bVhri'lJ 2.5 bl.\mlii'1l'iJmYl' f'11P1'J1l.\~'1ltJ~ 63 b~f'VI ~m1l.\b1'J~'1l'lJ'1I'1l~. , . 
bPljl'il~U'Uii1 1,900 ~'1l'lJ1ii'il'U1Y1 1I'J'UJl1Y1 ('11) ,,:;li1fm1l.\,i~~~'I!~bvhri'lJ 0.15 bl.\mlii'1l'iJ'U1Y1' 

f'11P1'J1l.\~'1ltJ~ 2 b~f'VI ~m1l.\b1'J~'1l'lJ'1I'1l~bPljl'1l~U'Uii11 ,900 ~'1l'lJIii'1l'U1Vi bb~:;Jl1Y1 (PI) ,,:;li1f• 

1500, 1600, 1800, PI'J1l.\ bi~l 'UWW'dU 
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, , 
1')~1l-1b~~MI\r;)b'Vhnl.J 0.10 \l-I"~';'il:ju1V12 f1191~1l-1[1'ilUVI 4 b1ifVl 

, ,,~ 

\911'il~tJur;\ 1,800 ~'il1.J';'1lU1V1 bij'il1l191~1l-1b~~~~~r;)..r~3 \bU~l-I1bllitJl.JbVltJl.JnUu11n!J~1V1 

rlu4'W\U~ ~~i:!1')~1l-1d~l-I1n~~ r;) ruu~i1vh b\\\n r;) n1~~UI\:;b ~'ilU~U 1\1b'lo1liJl-I1"l1nn1~iul\:;b{1'1lU 

'II'1l~ b91~'il~ tJUr;\i\~ ~'il m:;VllJ l-I1er~ rl1.14'1.J 

"l1nnnV~ n1~VI r;)1\'1ll.Jn1~iUI\:;\{1'ilUI\J11~:;'il~nl.J~ ~~1 bbml~b\ 'ViU~1~\91~'1l~ (l1J~ 12) 

J11~ (n) "l:;1Il191~1W~~I\~I\r;)b'Vi1nl.J 3.5 bl-l"~';'1l~U1V12 f1191~1lJri'1lU~ 6.3 \1ifVl ~m1lJ\~~ 

~'1ll.J'II'il~bl')~'1l~tJUr;\ 1,500 ~'il1.J';'1lU1V1 'lhUJ11~ ('II) "l:;1Il11')~1W~~~~~r;)b'Vi1nl.J 3.88 blJ"~ 
,..", ....2' d,J """ If' .J c; .J... , .... 

"'il~U1V1 f1191~1lJn'il!JVl1. 6 bel~VI Vlm1W~~~'il1.J'II'il~\91~'il~tJU" 1,600 ~'1l1.J"'ilU1V1 bbi1:; 

J11~ (1')) "l:;1J11')~1W~~~~~r;)b'Vi1nl.J 4.1 blJ"~';'il:jU1V12 f1191~1lJri'1l~~ 1.6 b1ifVl ~1')~1W~~ 
, ,. 

~'il1.J'II'il~bI')1'1l~tJur;\1,500 ~'il1.J';'1lU1V1 U1V1 bij'il1l191~1lJb~~~~~r;)..r~ 3 bbU~l-I1bllitJwVltJl.JnU 

1J 11n!J~1~ b\'Vi U~1~ bl')~'1l~\\ U~ bbnui:!91~1lJ b~~ l-I1n~~ r;) d'luewvhb~Ln r;) m ~iul\:;\{1'ilU~U 1\1\'lo11iJ 

f oJd < 
lJ1"l1 nrn ~." 1.11\:;bVI 'ilU'II'1l~ bl') ~'1l~ tJU., 

"l1nn~1~n1~Vlr;)I\'il1.Jn1~iUI\:;b{1'1lUl\!m:;'il~nl.J~ ~~1bbWJ~1r;)bl.Ji:!r;) (lU~ 13) lU (n) 
, , 

"l:;1J11')~1l-1b~~I\~I\r;)b'Vi1nl.J 1.76 bl-lm';'il~U1V12 f11m1lJ(\'iltJ.'V1 8 b1ifVl 

b91~'il~tJUr;\ 1,900 ~'il1.J';'1lU1V1 i\~U!11~ ('II ) "l:;1J191~1W~~~~~r;)b'Vi1nl.J 1.67 blJl'I~~'il:jU1V1 
, , , , 

2' .... ,.:::I "'" If' "" G .d:l If' ,Q

9111')~1l-1n'1l!J1~ 1.6 b!l~VI Vl91~1lJb~~~'1l1.J'lI'1l~\91~'il~tJUI'I 1,800 ~'1l1.J1'I'1lU1V1 \b'il:;1l1~ (1')) 
" , 

"l:;1J11')~1lJb~~~~~r;)b'Vi1rll.J 1.44 bl-l"~~'il:jU1V12 f1191~1lJ (\'1l~V1 1.6 b1ifVl V11')~1lJ\~~~'1l1.J 

. 'II'1l~bl')~'1l~!JUr;\ 1,800 ~'il1.J~'ilU1V1 \~'1l1l11')~1l-1b~~~~~r;)~~ 3 bbU~lJ1bllitJl.JbVltJl.JrlU 

U11n!J~1~ ~ 1uml~'I! r;) Iui:!r;) u1.1~ ~~ ~ 91~1lJ b~~ l-I1n ~~ r;) btlu~ m11b~\n r;) rn~i1.11\:;b{1'il U~U 1\1 b'lo1liJ 

bn r;)lJ1"l1 nrn ~iul\:; b{1'il U'II'1l~'lI r;)b1.Ji:! r;) b\i1:; bn r;)"l1 n I')~ 1l-1 b~~~'1l1.J'II 'il~ b91~~tJ Ur;\~ I'l~ vhb~i\~ ~i1 

n~:;Vll.JlJ1 U~'I! r;)b1.J i:!r;) 
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---+-1500 rpm 

__..- , 600rpm 

1800rpm 

1900rpm 

N 0.2 
.!!! 
E 0.15.. 
"!: 

0.1"..r:
0.05" 

0 

1-+--- 1500 rpm I 
·-....--1600rpm 

1800rpm 

1900rpm 

(~) uucunu 

I t1 v1 11 
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--+-- 1500rpm 

_____ 1600rpm 

1800rpm 

--.-.,/. 1900rpm 

~ : N ~ ~ "3' Itl ~ fJ ~ : ~ ~ ~ g 
~ ..; .., 

---------l 

F' 500, pm 
______ 1600rpm 

1800rpm 

~ 1900rpm 

~~-~~~~~--~~~~~--~~--~~~~~--~~----

-+-1500rpm 
_____ 1600rpm 

1800rpm 

1900rpm I 

.->.~--~, --~·------::7 -----"-1 

"'-r-'.4-4-r·.t;,.· ";...J:'--l 

~~~~~~~g.., : co ~ .~ 

A"ufi Hz'" 

-----.-.-.~---~----,-".-----.------.---------.-,.--.---"--'---"'"'-"-'--'""1 

I
'.6 

.... 1.4 

~ 1.~ 
-; 0.8 t""--..........""'''''=,-------f---\ 
~ 0.6 
~ 0.4 

0.2 
o 

~ ~ 

(1'1) bbU1~l'1l-1 

ztlvi 13 nn'W~b\'\Cil~n1~iul\::&ElU~111111Jljl11I\1l11::'EJ~n1J~ (~ul'I'EJun1111) 
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D 0 IV IV"""_fI
'lI111'J~nl~vrwl'U'YILn!J~1 1'I1LLVI,j~I'l'U"I'l..I 

"l1 n n n '1<1 n 11'V1111 I,'Hll.J n l1ikll'\:; VVI '!lkll'\ 111 'J:; n l1Vh ~ 1 kl bnUf 1 VI ~ 1 u Vlll~ 1'1kl~l.J 

(nJ~ 14) nJ (n) "l:;HII'l'Jll-1bi~I'\~l'\l11b'Vi1r1l.J 3.2 bl-l"Hi'!l~kllV121'111'l'Jll-1~mj~ 50 bllf'VI ~ 
'IJ 'IJ 'lJ q 'IJ 

l'l'Jll-1bl''J1'!l1.J'll'!l~bl'liMUklo1 1,500 1'!l1.J~'!lkllVi i'l'Jklll1Yl ('11) "l:;H(I'l'Jll-1bi~~~~I11L'Vi1r1l.J 
, , I I 

I "'" <:>12 I <:>I \<:>1 .... tr Q CJ 4 r I 

1.826bl-l.,1"'!l'Jkll'V1 1'l11'l'Jll-1l1'!l~'VI3.15 bf11'V1 'VI1'l'Jll-1b1'J1'!l1.J'1I'!l~bI'l1'!l~Ukl" 1,600 1'!l1.J"'tl 
, , 

kllVi bbil:;ll1Yl (A) "I:;\ii1I'l'Jll-1bi~I'\~l'\l11b'Vi1r1l.J 2.07 Ll-I"1~'!l':jkllV12 1'111'l'Jll-1~'!l!.lVl 4 
" • if.... r .... a A tr ,<:>I.,.y 0 , ..... 

bf11'V1 'VI1'l'J ll-1 b1'J1'!l1.J '11 '!l~ bI'l1'!l~ U'U., 1,600 1'!l1.J"'!lkll 'VI Ll-I'!l klll'l 'Jll-1bN~~~ 111'V1~ 3 

bbkl'Jl-Il b1.11ul.J bVi Ul.J r1kl 1.1 nn{) ~1~ I'1kl~l.JlLkl'J~~iJ l'l'Jll-1 bi~ l-Il n~ ~ 111 btl kl~ il vh1~ di 111 n l1ikl., , 
Ad:"", -'" 4 .. <:>I.... C1 .clI 

I'\:;b'VI'!l kl'1l u 1'\1 LVI mn 111 l-I1"11n n11'''kll'\:; b'VI '!lkl'1l'!l~'Ill11ll.Jl-Il11 u il:; in 111"11 n 1'l'J ll-1 b1n'tl1.J'1I'!l~ bM'!l~ 

, , . 
~il"llnn11':jbl'ln:;~n11't:kll'\:;LVI'!lkl'1l'!l~bI'l1'!l~ii1I11V1'lJl'Jl~nU ~~ 2 ~kl bmUl.JLVlUl.Jr11.J1'11 

l-I1"131kl~rilV1klI111I11U ISO (2631) .r'Jll-1~n11Vh~lkl~'!lbti'!l~8 .r'Jll-1~ 1'111'l'Jll-1LMklbbkl'J~~ hi 

l'l'Jnnkl 0.4 bl-l"1~'!lkllV12 ~'li'J~I'l'Jll-1~ '!l!.l1:;VI~1~ 4 bllf'VI ii~ 6 bllf'VI ~~Yll.J~11'11~'lI11\r;\'''llnn11• 

I'\ll-111!1Vh~lklHf'!l!.l1~ ~'!l bti'!l~ vh1~1.1dl'V1fimYl1 kln11Vh~lkl~ 111 il~ ,,~J'kl ~~~1 btlkl~'!l~ ~1 bUkl 

n11'tl'tl n uuu LI'li'1!~ ii1111V1 'lJ1bbl.Jl.J'J1~11U 1~iJn11ikll'\:; bVl'!lklill11 il~ kl'tl n"l1n~1'11 n11&'kll'1::bVI'!lkl~ 

iJI'111'\~"l:;vh1 ~'tllUn11H'~lkl'1l'!l~ilni'lkl (Bearing ) I'1l11il~'1I!.l1~1'J111 bl''J ;~"I:;vh1~b~UI'11H'''hu1kl 
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n1~'VI ~l\'ill.Jn1~i\Jl\:;b~'il\J 'JI'il~bl'ij!'il~ .T~'j,l ~1 bbl.Jl.J~1~~1!.1~ ~~ '11\J1.h:;b'VIl'lb'VI!.l 

'il~ril.JVi ~1'j,lf1.Jb1'l1'il~.T~'j,l~1~1~~1!.1~1-ifbl'l~'il~!.I\Jii1 b'VIbn'ilf 5.5 Lb~~~1 11r111'1~1lJL1~~~~il"~",. 
, " .... ,..... ,,,,,,.:::l2 Q "'" r Q" I.........."
 <V 

bL\J~M b'VI1nl.J 5.4 blJ'I~'I'il1\J1'V1 1'I11lJ., 12.5 bll~'VI 'VImbb'j,l\J~I'IWll.J l\1'j,l~1.Jn1~'VI~l\'il1.JI'VI1~:; 

n1~.yi1~1\J~bn!Jf 1 r111'1~1lJbi~l\~l\~1\Jbb\J1~~ b'Vhril.J 13.84 blJ'I~';'il~\J1Vi2 r111'111lJrl'ilrJ~ 16. , . 
b~f'\1 ~~1bbWW~ A\J~l.J 'l'i1\Jr11 rn ~i\Jl\:;b~'il\J'JI'il~LI'I1'EJ~.T~'j,l rU1Lbl.J1.J11~~1!.1 ~H bl'li'EJ~!.I\Jii1ll'EJ\Jtll1 

5.5 bbN~1btl\Jilf\Jf11<r~ 11~1n1~i\Jl\:;b~'EJ\J1\Jl\[m:;n1~.yi1~1\J~bn!Jf1 1\J~1bbwW~A\J~l.Jbb\J~ 

I , iI , 

~~~1.J'i111 ~1l\~ bn\Jn~1 r11lJ1 'I~"1\J Virl1'j,l\J~ t~!.1 ISO (2631) r;1~1.!\J ~~ 1'I1~11n1~Jin'jj'1ii~'i'l\~Vi. .. , 
e l.=ll Il"'d ~ -=!l d"",J'

b'j,llJ1:;l\lJ 1\Jn1~\J1lJ1~'EJ~bb'VI\Jbl'l~'il~!.I\J'I b~'EJl\ ~ n1~l\\Jl\:;b'VI'EJ\J'VI tn m\J 

'JI'EJ'JI'illJ~N tN~1\JlJ~~~';~nml\Lm=t'l~f~~'1 1'Il\'EJ~ 10 'EJ. ll''1!'l.J1 9. lJ'I1lJfi1il ~bilf1t\ 
, I iI i.I 

1'I11lJ'il\jbM1:;'ll"lJ'EJ1.JbI'lj.'EJ~ 1ii~'j,l~1bbl.J1.J11~~1!.1 bV1'il n1~~m:n 1\Jl'lf~\l bbl\:;'JI'EJ'JI'illJ ~ N 1'1 N:; 

~ I'll n~~lJbbl\:;\'VI1'I t \Jtl\Un1~Ln'jj''I~ lJ'j,l1~'VI!J1<rm'VIl'It \Jtl\Un'lllJ~ l'If1ll''1!'l.J1 ~bill~ ~l\~~'I1\Jl\Jn~~ 

.yi1~~!Jl\Jl'lf~il 

1~'lf;llW. 2547. I~UUaA LabView . ~tgl'1~tfl~1.J ~lil>l. nl~I'VI~ "1
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