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L Grain loss monitor
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2, Dynamic vibration absorber
3, Tuned mass damper



3038 Slappile wdige o o S ey
O sl 580 5 ((pteros 50 SGIS)
Ol oty bl 5 (6505LES s

CJS_ WAL Clges,l Y 5 Y 1PAF st

53 Sl ey slacsslsanl b esls BLES Laesls (gyll oo 1 ol ol i3 S e 3 il 53 U seamen 355
At ol pslie 3 I el (alaST s 3 ez S5 el ndle 4 b e gla it 1ty @SB (gl
Sy S5 ek il pdS Cugb )y dsys 03 Gl OF e &S

Slatamdle 16 30 s Jime 5500 2 5wt RS 155 3 Shes b (Sl bl O3l slaptow
Bl el 4 e 3l 3l s B Gl Gl 1 Lol a6l s 3l auls (28 55
AR Ll st s el s Sl 5L oS 5 Shes 6 (eSS la i) e i 0l
SVslae (bl 23l (Sl Jhs a4 S L e s (A Lb S OB S e ez s (8 S
2 a0l oS (e (SIS 3l (S sasla (ot S5 2 b el skis S ol sl OF il Sl (St
Sl 4 s e Sleslinal b alg 55 5 sdel s A3l o S bl 4 (pleS bl atls o
el o syl bl s Shas  Cilises (la jzal b

il Sl (gleand 5 b
oS ol S S 55 5 Ygome 3,5 o 3 eslinad 3550 pliaS 4ils DUl olSis 53 S (6 S
Lo ) JUEEl Sals Lol 5,8 o Ul 3 plaS 6 5 S o (L1 3lr 533 8 0 Jate (plaS e
A ) S wlte ol il s | 3l O3l S s Shas i ke o pd S 4 calaS Sy
Jlail Cnd g 48 o a0l SO 5 o w53 oS odr oY 3 et >k Sl Ol s a S

ol ol L}:LJ ol u—ll"*"s 4.|Ju MW

v NN/
p9o oAS iz 4y

il Ol 5 K bl ) IS



SIS il pudige o o XS agd
O sl 580 5 ((pteros 50 SGIS)
Ol ol rblie 5 (55,5l s

TS~ WAL i)l Y 5 Y IPAF g

“J)MJJJVJ%WJL"&;‘)W‘F&@&&fﬁdb‘ﬁﬁ@@fﬁﬁ&‘@&j@
DI ol Sl U il eSSl Ol S a3 SOLLS Wil el e ol 5 A3l e e L
OF sbal 5 5¥ 58 i 51 ol o amin 350 o sl 6l 530 5 Sla b oa LS 55 S & 51 il
LS e Yox)ormm? sl b p s o Slts g AvxVomm? il

s o s ol s i e 0l OF Lol e ) ISS s edd b Cdlr o aalllas skiie o
VY S Gllae ol ol (giledie Y dalas |e 5 28 5l ealiad eSOl laaY 5 S jate o r s
oSt SVl sl s cd el o lb Sl S gl p pas eSOl Y 5 oS S sl sl
A Seelins el Ol e 5 s 13580 3,15 Il S (555 s Wl w0 (5500 oS 55 0 55 OS>
Bl 13 s 3 ee Bl g | K

fl

L

ELLLEL TR
FR

o3l O3l s (5JUT e =Y ISC2

X3 X4 Xs
- A

A

L.E’Q

~

\A_la.st)j_.pﬂ\_:Yfo_.ljéov\_.;obbut_&_:WC,‘SJ&-JJVSB-QYJLxA‘Jf(_}JQJJG)‘WaJW‘L

m et ¢ (& &) + Ky (X - Xo)- qu L& B+ k(- x)}=0
i=2

M- KX + KXy - Gt €= f M)
My KyX, + KyXg - Co&t ¢ =0
m, 8- KX + KX, - Cp&t ¢ =0
Mo Ko + KeXs - CoXt CX&= 0

(ol ol o pl e JLLSS Olasila il Clo Slis 5 e sdiS Ol oY Jler Sl a5 L
Slasiin 4 by e € sk odsl Cilr ol a0 by et skl odd a8 § 15 55 OLSG el s o o 3 s
L, dawarsbsmos plbcwlpss Clo Glaamio 51 S a2 M 5 ol Cho dmio o M e O3
oS p oSl oy SVslas a3 55 Aol Xe=Xe=xe=X Ci=C ki=k mi=m , 22,345 s an § ki )

13505 Ol (V) ddaly (godd o3l Oy 50 43 Ol 55 0



SIS il pudige o o XS agd
O sl 580 5 ((pteros 50 SGIS)
Ol ol rblie 5 (55,5l s

TS~ WAL i)l Y 5 Y IPAF g

[ (6, +40)5 (k= ) X, (65 ) X, ~3(e5+K) X, = (65K ) X,
(ms2 +cs+k)X2 —(cs+k)X,=F

(¥)

(ms® +cs+k) X, —(cs+k) X, =0

S sy 3 ol Uy (ol ol 5 o) oo sl Ll 25 5 G Bl e o9 ot sl L

CA_MJ\{VLLJJQ)HQul{@mjmlqﬁpg)buiwduwb.qb.—o“:dw%);4{45)(})(1 L;LA&@B

x|
X, =i(ms2 +cs+k)[(cls+kl)(m52 +cs+k) X, + F(Cs+k)} o

Xe= 1[(es ) (@s ) (s os k)X, F (s | v

&:M.;I)Ji A.h:b ODLMI Q)M‘Ud‘}:@ ‘)X‘}Xl 6LAL;’L>QL>-

X, =G, X, +G,F
X3 ZGOXO +G1F (2)
1T oo oy 0 alasly 5l 5 ((1=0,1,2,3) (el 5 p b Jlisl o 5 Gi

cc,s” +(ck, +ck)s+Kk,
[ms® +(c, +4c)s+(k, +4k) |(ms® +cs+k) - 4(cs + k)’

G, =

c’s? + 2cks + k?

o [mys® +(c, +4c)s +(k, +4k) |(ms® +cs + k)2 —4(cs +k)* (ms® +cs+k)
G - mc,s? +(mk, +c,c)s? +(ck, +ck)s +kk,
[mys® +(c, +4c)s +(k, +4k) ](ms® +cs + k) - 4(cs + k)?
G, - csk
[mys® +(c, +4c)s +(k, +4k) ](ms® +cs +k) - 4(cs + k)? (0)

ol S el aals Cond 45 SIS el b ol S S B0 5 1=V(AL) O s oS s=ior (5 S s

—cC,” +i(ck, +cK)w+ Kk,
[-m@’ +i(c, +4c) o+ (k +4k) |(-ma’ +ico+k) - 4(ico+ k)’ )

Gy(w) =

L L3555 4 Comd e sl oo sSms 055 oS Jlesl L 5 (8) el L3 (V) alasly (1K b Ol o (riens

.DJJT e Jgg)l.d) aj;;— )J



SIS il pudige o o XS agd
O sl 580 5 ((pteros 50 SGIS)
Ol ol rblie 5 (55,5l s

TS~ WAL i)l Y 5 Y IPAF g

6-""9@\5
O3l Sl a5 Lo g e sy 3l 3l auls g, il gla b Sb e a4 el s
5,8 oo o5 eslinal 5y 00 b K @ pleS Wl G b 31 Il lals )l awls 2alS gk € ol > b 3l )
o L35 o lil a5 ub Sles il Xo gl oS b o X DLl s ) ool G ol
b sl bl b s s pl s pl by el sdd Oly Sla bl e S 8B edas0lis Go (s AU
53 Y S s ek Ole sla bl sl &S (s palie V Jud S5 LS e Ll 3 anllae 350 5 1y e cnl Gl 2

o) o ab‘)jicg"_,\m‘o.)\..i wjfj]m

il O3l b (sl eds a3 Sl s sl el slie =) s

Sall fu o3l
My Jsl oo amis o Voo g
Meps> o amiv p > vog
Ky oJsl sdS ol i AKN/m
Cp oJsl oS dr ol e v N.s/m
K pss sauSodr i yo KN/m
Cpss skiSdr ol e AN.s/m

al S 3 ) A IS e Gof@) (A S keSSl T S s
Go() 54 g0 sdalie & alasly 31 aS ,3b Slen .ol ol o305 Ol U= (k/m) 033 siS e anb S 5w
BB rals Cel bl ol spms ¥ ISE @ oar g bl al OS a4 S duels S s OlE
Gl 4 oS osb @ 38 o e b S5 S Soss Al e b S 4wl JUES) asls s gl
33 Gl Vo ssde EaAlS A=A 5 G ANSIM s34 5 Jsde Slasiie b il Odlr ey 2 la Sl 3
S a0k iz wels JalS el ol 5l eslital izmen 3k e a0l a4 Gl S OS> il

B3 o s gl G B L dalae (S B L (sl S o 035
Go(@) ¢ 2Ry dlisl g s £ JS8 53 o S il wels 3l il ke al s 50 s ) sie o
el e el 0L pss siS o 5 Iyl eSSl b il slie Gl 4 s a5 ey
p32 s iS ol i B Sl iy il 4 @ p Ul o Il eliS Ol ke alie b oS s e 0L
o Olge GBlae (mhor e Rl L oS 33,8 (o S 08 3 sl Sl ol ediSodr 8 s i
b saddliml e Gl b Jol eSSV a5 50 s b GRIP 8 st

PRNXE s liSdr iu e aS 550 e sdalie ot ISE 4 a5 L iemes 3510 Lﬁﬁ;—@cﬁg}ﬁh@b



&j)}u's LSLAJ.‘.'";L‘ L;"‘"”’\"G"’ g;l"’ °J'<.‘S u:"“@" ?’\9\&»9‘-‘-’%%

SR : : ; N
O30l 5350 5 (ot g SIS0 ;I' i
01,6 o850 b mlin 5 $305LES s £ ]

SR\ (RG] S ool
boduSodr i palis dr a Ll O3 o lb 53l pls ls ol sdeS Ol b slie L aslie
S 55 o3l LU lesle 4 3500 5 Lol cnbie o3l bzl 3 bl W1 6 JE oo i Lot
o frlate o o 4y o3le S, ABL S o3linal 355m e3le dix a0y AEL (8 Sl e2sdoe 2 OF i

sy g analS Ll il s Shas O LU Sl

|Gol ]

(<) )

Anig S e Go(0) Ul 5 e el Sl T S

.C cr)) oS uv\:- g}i‘jﬁﬂ (u) SCl ¢J‘5( e..LSuJ;— &.‘Jﬁ" (g_.dj\)

104 — k=60000 o | — k,=8000
— — k=15000 | — — k=800

10 == k=5000 10% - = k8

[Gol [Gol

Anis I8 e 5 Go(®) (5 g U g e il 8 S
k cr}b e.l~5uJ>- qu'w (u) Ekl CJ_}\ e.l,.SuJo- ‘-;«“.Lw (J\)

& S 4omesi
J)j.ﬁ LSLaji"“} L] ‘J.:LAAS 4.:.).4 )‘ ol J.&M CJL&[}JJ‘ M‘.} UI,A[S )jlam 4 ‘j:‘:‘ d.;&.b\ g_J.)t}- J..ot?- MJJ

Olgee 5 cibiien la mal )l 30 oy a0 by i 5l eslinad b s b plaS Slils il olKiws s eslinud



SIS il pudige o o XS agd
O sl 580 5 ((pteros 50 SGIS)
Ol ol rblie 5 (55,5l s

oS~ WA gl Y 5 Y

P e3> 08B Sl eslial 5 e 3l pren Je Sl esliad b dd antls b S oS > anals 5 (5 Ayl
S Sy &5 62Ul ol Y Jidd Jlasl b e i3 8 2l il s SL3L,1 oS ¥l
P N PR SO UV PN PR TCIU] PN - JUU0H PRSI [0 TR O FDU PN U P PO
S 5053 Sl B sl & edd (b O3lr 65 das e DL S 23S 13 e 2 se U] Olee
0 Obe pl 53 g anals 1y s K g o Jame Sl g auls (2als s gl JB 30 it b 08 3

il e bl O3l i slie 30 5 min C3le 4 S Slalas,) anls JRalS ol i

Il s mbe
ﬁjﬁ J&Lisls c.).ﬁi':)\

2. Berardengo, M. et al. 2014. An adaptive tuned mass damper based on shape memory alloys with
an extended range of frequency. In Environmental Energy and Structural Monitoring Systems
(EESMS). IEEE Workshop on. IEEE.

3. Huang, S and Lin, K. A. 2014. A New Design of Vibration Absorber for Periodic Excitation.
Shock and Vibration.

4. Hunt, J and Nissen, C. 1982. The broadband dynamic vibration absorber. Journal of sound and
vibration, 83(4): pp. 573-578.

5. Jeong, U. et al. 2014. Application magnetorheological elastomer to dynamic vibration absorber
for vibration reduction by a variable-unbalance excitation. The Journal of the Acoustical Society
of America, 135(4): pp. 2289-22809.

6. Marian, L and Giaralis, A. 2014. Optimal design of a novel tuned mass-damper—inerter (TMDI)

passive vibration control configuration for stochastically support-excited structural systems.

Probabilistic Engineering Mechanics.

7. Zhao, Z. et al. 2011. Grain separation loss monitoring system in combine harvester. Computers
and Electronics in Agriculture, 76(2): pp. 183-188.

8. Zhao, Z. et al. 2012. Optimum design of grain impact sensor utilizing polyvinylidene fluoride
films and a floating raft damping structure. Bio systems engineering, 112(3): pp. 227-235.



SIS il pudige o o XS agd
O sl 580 5 ((pteros 50 SGIS)
Ol ol rblie 5 (55,5l s

TS~ WAL i)l Y 5 Y IPAF g

Design of a vibration absorber for grain loss monitoring system of combine
harvesters

Abstract

Using grain loss monitor system is one of the ways to measure the amount of the grain loss in the combine harvesters.
The piezoelectric sensors that have a very great sensitivity are usually used in this kind of systems. Combine vibrations
prevent proper and certain function of these sensors during the harvesting process. And it is necessary to prevent the
transmission of these vibrations to grain loss monitor system in order to reduce the interference of the combine
vibrations on the systems performance. Therefore, it is essential to use vibration absorbers before installing the
measuring device on the combine harvester. In this study after designing of a vibration damping absorber, its
differential equations were obtained. Then, the frequency response function of the system was obtained considering the
external harmonic excitation and the effect of various parameters were examined. The results indicated that the
designed vibration absorber resulted reduction of the acceleration transferred from combine to the sensor.

Keywords: Combine, Grain Loss Monitor system, Isolator, transmissibility ratio



