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KLASKK VE ALTERNATKF TKARIEN KWNGCEITECMES K

¥ZET
Géengmegzde kull anél an makinal arda ve bgeyeé
en °neml. probl emlerden biri i stenmeyen
maki nal ar ger el tel ¢ - al ékmakrtiddi zararleggevr es i
verebil mektedir. Bu titreximlerin binala
meydana gel mesi can ve mal kaybéna nede
titrekimlerden uzak durmak i-1in, tasarl a
ol aasietreki ml er Il ncelenerek tasarém akKkama
sisteml bilecegkd i ¢ Ir e.ka ml er e rkapd édilebilin sedyelere y a d
de¢kereéelebil mektedir. Fakat si stemler . zZe
t asariyejnapneahas é€ sonucu i stehmeaewpdn. Boe Ktreii
titrekimler.:i engell emek i-in sistemler ¢:
deji kimlerin y¢ksek mal i yet | i ol mas e, S
Titrekim YudawguwlsamgIDary@nén ortaya -éekmasé
DTY,di J er yilkkilre dda nami kd&rgt bier df meoklaunksa nb an

titrekimleri yok eden ya ada sdzaletmda m,d eenn 0
serbestlik dereceli bir sistemdir. Cmh © n c e lyearyi ski¢sttleemi nden ol ul
Il erl eyen teknolkoijrii kitle@a bilukiakt eDTK ¢ tslies
tasarl anmék ve bir-ok alanda kull anél may e
il eriye g°te¢re¢l er kk as@ané elikznel isive emarey
tasarl anmaktadeéer .

| amal aré ve LC
uygul amal ar

Bu tez kapsaménda, DTY u
[
el enmi ktir. De
Y
[

yg
| i t erat ¢ rpdaetkeintblielrgiviee rt i ar
¢ - Sisteminreyeteki mlliajriakda nc
anéyayn Kicggtl emi ol an DT
él an bir -amaker ma K i
ler i | disfrdkansldrda&tmji akyt i DT Y
¢ ve yay ©bajlantée nokt a
tusunda zarar g°rebil ece
a r

u
C

, 800 ve 120C¢
nasé model.i
sistemind:
| arénén yg¢
k ol masé,

u tezde, gleneksel DTY sistemindekiay én ol ukt urduj u mekani
dur mak adéna, yay g°revi g°rebilecek ve
sisteml er arakter el méktagr .siAsrtaetl ar nbal YHoyre
ol ar ak s,émaényeet DKY DTY, gat kel eDTiYn gtiabsiar
bel ir | éOoriakldelmre. t e z kapsaménda manyeti Kk

sistemlerinin teorik ve deneysel olarak incelenmesi k ar ar Méd&mialt misk tair r

ayné y¢kle yekl ¢ kutuplaréenénélbambgazleai
sékékteréelma y°n¢gnegn tersine uygul adeéej é
model |l enmesi ama-|l anméxkteéer. Meknat és| at
sékéktereldéeklarenda olukan basén- Kuvve

XiX



sistem#@ ol ukan kuvvetleneeyeol chayartf omksiponl a
Lineer olmayarkuvvetlei | -sistemelan elde edilen yalrengenlikk at say és énén
dasabit olama k@Bwajgée zde, depl asmana bajémleée ya
olan sisteni n bel | i bir har moni k titrekim yapmaseé@
kat sayéseé, Har moni k Denge Mé&bodueirl €°meglkic mle
(Fast Fourier TransformFFT)k ul | anél arak yapél mékteéer.

Kl k - aMaymdlkarDi nami kicu MDIY) ggEmi weit yapél méxkt ¢
MDTY sisteminin ekdejer yay kat sMDy¥Il ar & meéekn
esinin deplasman genliklerinin fonksiyo
an exkdagéar §akulklaamsel arkagkn sMDdlreyjoenrilnerd o]
anmeéecxkter . Hesapl anan sonu-1lara g°re
i i teje; meknat ésl ar ar as
gor ¢l m¢gkt sisteminBu bil gil
| - pasdplary a p &MDeYkd e t eor |
a d
e

I
u
a
k e
e e
di k
t

ejerl eri deneysel
. Bu karkédluakt ér ma s
u TY sisteminin uygul anma
a istemi, bir ucu ankastre di
u 1. @&o jaayl ar fl raethoabnug] &imn , MDTY kull anél n
Y kuwulrlakneéeldeneys etekangPepkit fomlkesnn y oTR)e ar

u I

e

I

—>

2]
nar ak karkeél akt é@ér él mékt ér . Karkeéel akt ér e
Ktejée g°r¢l mgk ve - beklenpruatkiyigaj) lad d éfjreek an s
eml enmi ktir.

Q'ocZ'ygo TuwxXxa "o X
COyCcC S ® T "D D Cc -
N —— oo aown>—/0own —

MDTY sistemingn sonra Gaz DTY si st emi iczerinde - al
sisteminde ol duju gibi Gaz DTY sisteminde de
havanén ekdejer yay kat sayéseé hesapl anméckt ¢
kull anél arak é@dresaphaonansksvemith exkxdejer kat
bul unan doj al frekans dejerinin, MDTY si ste
yapmék ol duju depl asman ghkeenlliirkll eemAnyiratciart b k- a
sistemde kull anekaemesi uzacni mage&a@wnkei doj al for
dej er lagnrail Wiéh &€ .s aDpathaan nséokntréark i -al exmal ar da, C
doj al frekans dejerlerinin deneysel -al ekxmal
Gaz DTY t agsiasti eamék & gvael € ub ihra zhnaez nie- er i si nde, g
b°l meye ayér ank éok Itiansdadr d @am mé ktt leesi Bu t asar é&md
hazne i,-eaksambbker 9gRadeegdebil mekte ve hazned:
ar as €ehnadvaa ge-i Ki ni engelmaeyeapgkamaé&kiadeée S
Sézdermazl é] én - ok Csistermiamamenlipaleu jiyktebou si st e md ¢
| esi iczerinden °|l -¢:m al énamaméxkteéer . Bu n
dan ol ukadamaosd eltleen milk@arwk yayesaplmidas ayésé ol
unan ekdejer yay katsayésé kullanél méxkt e
er i ile hazne ¢zerinden al énan °1I1 -¢mler
dojrulujudiemeglsehmive t eor ikkirsuo rsw-tdinagrn mer asé ryd
nedeniyle, bir miktar farkle | € k ge.r iDepeygel veriler kul |l a
DTY'deki viskoz s ° n ¢ m orane hesapl anméck vV e %5 me r
bel i r |. Bahansomd gaz DTY sistetMDTY si st emi moireucuol duj u gi |

ankastre @&isfeonl aaubserbubuk ¢zerinde, -ubuju
ayar | anmnméawtugrun, gaz DTY kull anéel madan ve ga.
y°ntemler I FTE'lerikladex eé dkk énél méxkt er . Kar kél ak

DTYOnin etkiakbéye kgukoiugluen, k@ihusu dojal frekeé
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hem frekans ayrékmaseé yaratmek, $%emime i |
saj |l adeleijel.enmi ktir

Bu tez kapsaménda gel eneksel, manyeti k v
Kncenll emaenyeti k ve gaz sistemlerinin, gele
gor ¢l ménketeslrenen bu sistemler y¢ksek freka
Kekilde tasarl anabilir. Ayr éc a, bu si st

smmaktadeéer .
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INVESTIGATING THE CLASSICAL AND ALTERNATIVE VIBRATION
ABSORBERS

SUMMARY

Nowadays, undesirable vibrations are among the most important problems for
machines and buildings such as skyscrapers, towers and bridges. Due to the sjbration
machines may operate more noisily and may lead to undesirable consequences. Also,
these vibrations can cause loss of life and property if they occur in large structures
such as bridge, building and towers. To avoid these undesirable vibrations, the
vibrations that may occur in the future must be investigated and preventative measures
should be taken to avoid or minimise such vibrations during the design stages of
machines and sictures However, vibrations may take place on systems due to the
unforeseemeasons or due to not being able to make, during the design stage, accurate
estimations of the envinmnents that stictures operate. Such vibrations are frequently
dealt with by using dynamic vibration absorber that can be added to the system later.

The ®-called Dynamic Vibration Absorber (DVA) is a singlegreeof-freedom
system that consists of a mass, a springautbnally a damper. DVA is foently
used to minimize the vibrations of machines and structures|ysbypattaching it to
the systenandtuning it to the desired frequency.

In the beginning of the twentieth century, the first DVA was designed only with a
simple mass and a spring. After a while, it was started to be used as a tool for projection

of buildings from wind and earthquake vibaats. It was used in mechanical devices

to reduce the resonance vibrations. In line with the development of technology, new
kinds of DVAs were investigated such as liquid dynamic mass dampers, magnetic
dynamic vibration absorbers and cantilever beam vilmmatbsorbers etc. These kinds

of DVAs were named as MfAPassive vibration
have major disadvantages; one of the most important one is the ability to work in a
narrow frequency band. Because of this, researchers anceergyare searching for

new kinds of DVAs which can opate successfully at broad frequency bands. These
types of DVAOGs are usually called as nada
During operation, ADVA can change stiffness of its components wkishmilar to

adjustable spring such as magneto rheological elastomers and shape memory elements;
and may also have ability to tune itself according to the operational environment.

Within the scope of this master thesis; passive DVAs such as traditioasdgpring),

magnetic and gas DVAS' are investigated. The traditional DVA, which is aspeasg

system, is investigated on a washing machine under harmonic vibrations at 840 rpm
and 1200 rpm, and its effectiveness is assessed by experimental appedachii
experiments, traditional DVA system was designed without using dampers. Two
masses, 1 kg and 2 kg, are used to assess the paréerof traditional DVA design.

The DVA with 1 kg mass was designed for 1200 rpm (20 Hz) and the one with 2 kg
massfor 840 rpm (14 Hz). Traditional DVA had 3 attachment points, similar to the
washing machineds ug, exerimdnta bnawashingingachimea s s .
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were carried out without the DVA and vibrations measurements were made at steady
state spinning spesdat 600, 800, 1000 and 1200 rpm. Then the upper balancing mass
was removed and DVA system was attached to the tub. However, in order to make
meaningful comparisons, the total mass of the DVA including its base was designed
such that the total mass of th& A was the same as that of the upper batenmass

of the washing machineVibration measurements wemmade to at the hub,
demonstrating that thelassicalDVA can bring some vibration reduction at the tub.
However, the disadvantages of ttiassicaDV A were also obvious, major ones being
very noisy operation, strength problems at the spring connections, highly stressed
spring.

For the purpose of eliminating tredversemechanical effectslue to mechanical
spring, alternative systems that can storegnkke a spring were investigatedthis

thesis The repulsive force of the magnets and the pressure force that the compressed

gases apply in the opposite direction of the compression aumex] to benodelled
like spring forcesn this thesis

For magetic DVA, minimum three magnets must be used and the opposing poles of
the magnets must be at the same magnetic polar. The reason behind this stuation
that there are 2 types of forcpulling and repellingthat can be generated between
magnets. In mgnetic DVA, the repelling forces to be used. Otherwise, the magnets
will be attached to each othandstiffnessbehaviour will not be createdror the gas
DVA, on the other handompressed gas is used as energy stonage&um.When the

gasis compresed, thegaspressuras increasedIn this thesis, to designgas DVA,

two chambers and one massparahg thetwo chambes from each otheiis usedIn

this thesis, lie repulsive forces ahe MDVA and the pressure of the compressed gas
of the gas DVA were calculated theoreticallyt is clear that these forces in such
systems are nelinear functionsof the displacements, yieldingséiffnessparameter
which depends on displacement. Here, for a given level of harmonic vibration, an
equivalent stiffnessparameter isdeterminedusing Harmonic Balance Method.
Discrete Fourier Transform is utilised for this purpose.

The first studies were conducted on MDVA. Equivalent spring constant of the MDVA
systemwascalculated as a function tifedistance betweemagnets antheanyplitude

of vibration of theabsorber mass. Then, by using equivalent smamgtant MDV A6 s
natural frequency was calculated. In the lighthadseresults, it is observed th#ie
natural frequency of the system increases as the adwlifivibrationof theabsorber
mass increases arttle natural frequency decreases as the distance between the
magnets increase Then theoretical andexperimentalstudies werecarried out
MDVA. Experimental measurementsvere performed to measurthe natual
frequency of the MDVA systerand thenexperimentabnd theoretical results were
comparedThese omparisos verified theheoreticamodel and its predictions. It was
then decided to implement the MDVA system on a cantildeam. Frequency
response factions of beamveremeasured on cantilever beamth and withoutthe
MDVA system. Results showed that, MDVA systerperatingeffectively, reducing
vibrations around the tuned frequency.

After the assessment of the MD\&ystem Gas DVA system wamvestigated First

of all, as in the MDVA system, equivalent spriognstantproduced by gas DVA
system was calculated. Equivalstifinessof the gas DVA system was calculated as
a function ofthe axiallengththecylinderand theamplitude ofthedisplacenentof the
absorber mass. Then, by using the equivastifiiness amplitude dependergas
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DVAGs natur al f r e Ghe resultsshowwhatsatural dréquendy aft e d .
the gas DVA system increases while the amplitude of displacemein¢ absorber
mass increases. Moreoyes theaxiallength ofthe gas DVAis increased, the natural
frequency of system is decreased. In subsequent studies, it was dedelgdriaGas

DVA andvalidateits natural frequency by experimentaleans The desigred gas

DVA system consists of 2 equal cylindrical chambers which are separapestdoy

like mass which acts aan absorber masshe sealing property is very important for
this system, which makes it very difficult to measure the vibrations of the absorber
mass mside thecylinder. However, a simple 2 degreetfreedom mathematical
model is developetbr the gas DVA system including 2 masses and 1 spring with
equivalent spring constant to calcul&te natural frequency. Therexperimentally
identified natural fequency(using the measurements on thdinder block of gas
DVA) is compared with analytically calculated natural frequeridye predicted
behaviourof the gas DVA is found to be in perfect match with that of the measured
behaviour However, some differees inguantitativeresults are also noticed, possibly
due to theadditionalstiffness caused by the wall friction and lubrication in the physical
model, but not considered in the theoretical modedditionally, viscousdamping

ratio wasidentified, usiig the measured data, to éeproximately5%. Then thegas

DVA system was tested aa cantilever beamFrequency response functionstoé
cantilevertbeamwere measured at low levels of vibrationgh and withougas DVA.
Results showed that, gas DVA systisbehaving as expected, functionieffectively

and reducing the vibrations levels around the tumedural frequency very
significantly. In this thesisgffectivenes®f traditional, magnetic and gas D¢Avere
examined. It has been seen that the miagaad gas DVA systems can be used instead
of traditional DVA system.MDVA and gas DVA systems can be designed at high
frequencies and may operate without some of the drawbacks of conventional DVA.
Finally, it is worth stating that these alternative D¥ystems are also more suitable
for active vibration control applications
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1. GKRKK

Titrexkngme¢zgde kull anél an makinal arda ve

kar kK €1 a tenalilpeoblenteinr .© nOl ukan bu titrexkimler

gerel tel ¢ -al ékxkmakt a, -evresine Ve ma K i
verebilmeke d i r . Bu titrekimlerin binal ar, k°p
meydana gel mesi can ve mal kaybéna nede
titrekimlerden uzak durmak i-1in, tasarl a

titrekimlertasarcemenerwarRaseéenda °nl eml er
sistemlerde olukacak tittirtergePkalnerr dén gallill e
seviyelere d¢kegreéelebil mektedir. Fakat si
ol ukmeya € | k tasar émédmadat slohhugywap i st enme:
ol ukmaktadeéer . Bu titrexkimler:i engel |l em
yapél amamgapélyacadka deji&aliimyetrlin gl ksed&,
sonradan ekl enebi Ywuousu@IY)a mi ykg uT iatmaeh kairm n é

-ékmaséna neden ol maktadeéer.

Dinamik Ti t r eYwuiuausuar (DTY) mont e edil di kIl er i y a
titrexki ml eir-iinn kawlallanmalkér | ar dxdey aupyégluanr dkau
ol ukabi |l ecek hasar élumsuee tkkiikllegebikrlern® @okr luéncaa o |
kull anémeéempanlaktéar ém organl ar éql dafamob

go°r ¢l mektedir.

Di nami k ydaticd pe gtiimt r eken mekani k yapeéelarén
frekansl aréndaki titr exi malmgagawyaraydnlveana ni d
titrekim sistemine monte edilerek kull anct
sisteml;&krtlhasdgeayrassk tvid i s°drugm md lag demaneen dan o

tek serbstlik derecesine sahip sistem olarak modellenebilndgkée. Ana sistemin

rezonans durumundané E B mas é& i - i n - o klLl(uay) goudnadkuir | cairhb i
serbestlik dereceldi bi A( by iddtekme gh ajil ainkdi
derecel i bir sistem ortaya -eékar.
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(a) (b)

k e KLil:l(a)Tek serbestlik dereceli sistem,AY e k | endi kt en sonra ol uk
serbestlik dereceli sistem

Tek serbestlik dereceli isskisdewlmij@al bifr ekalhgear
bul unmakketkaideéerl. 26de ugrrklachsg]l ardiabi bi bi di nan
yutucusuk ul | anél madan ©°nceki sistemin doj al frel

daha k¢-¢ktgor .
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Ana kutlenin yer degisimi
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kekl2ZIFrekans yer d-©OfYile)t(-iDTYe@madan)alf i J i (
Dinami k yut uc edtsiamsmé& emi n doj al frekanséna yakeée
sistemlerdeki titrekim problemlerinin -°z¢l

sisteme uygulanan tahrik frekanseé,a sistemin
bu -al ékma frekansénda sistem rezonansa gire
gzl enecektir. Bu durumdan ka-énabil mek i -1
yutucusue kIl endi Jjinde y¢ksek genl iykidcusmda i t r ek i ml e

g°r ¢lecke%kylvel i kl e ana sistemin rezonansa gi-r



Fpsin w¢

Ana
Kiitle

Yutucu
KEiitlesi

k e KLi3:IDinamikti t r gukucusui kematikg® s t 1.1 m

keKidlde kérmezeée renk il e HKyanssteminkenol mamak ¢
di nami k yutugusyr etkiitnr ek i m genl i kl er i kontrol
renk ile temsyady edliidteaamiama rhkegntle edi | mi K

ol ukturulan bir titreki m ytocosunueezonasi st e mi
frekanse ana si styatacusob adiil naannmakd a hi t°rneckeikm
frekansé ile -akéektérél érezonasséd rakansésdak

titrekim genlikleri séférlanmék ol acakt e

Anasi st eme uygun b yutucustditesnaarnéi nké tyiathreetk@lrnk e n

parametreyel i k kat edi | mesi gerekmektedir. Bunl
ol arak addkanjdeedediérkevkei | de 1 fade edilirle
f = Mot (1.1)
WKuwet
= oA 1.2)
rnSistem
Buradaf,Fr ek andieraman@210 ol mal edeér . Bunun anl
yutucusunund o | a | f rageksa mssteeymian kr i ti k - al @k ma
t it ryatacusomund evr eye gi r mesi i stenen - al ékma

¢¢enkeg ana kegtlenin tlmeseki m-ganl ekl anacatk
yutucusunul o] al frekansénén, sistemin -al é&kma
Denklem 26 de k ¢t | e onria-niéemé | i(t er at ¢r de °neril
bulunma k t awhg d) nami k yutucutunkeckti | meng, | iseé ana sistemin

k¢tl esini g°stermektedir.



DTY@&@nien meKhur uy g ul a olmdkla rbiglikte bDJ Yodik binal ar
otomdillerde, elektrik tellerinde, beyz ekyallardaokv sa@&lkaada

kul | anélrajkd mecedeyseb ¢t ¢ n arabal ar dBTY en az 1
bul unmaHattadadzeér .ot omobi |daekae abu -Kelagnank-i adiérr .

°rnek ver mehkroemgfeirrekd®st& ey él éndanhall®d7®dh ekndamo

otomobillerinintekerleklerinddDTY Kk ul | an mékt ér .

-
-
-
-
=
-
=
=
”

BRRsRRaREING 3y

k e KlhIFlar a ckewnldlaa anfieDXY ©d n[@]] i
NASA Ares i simli ntack é@évwnagershkleant6g deth 8,25¢¢d u K a
dée¢ker mekhl Exmal ar yapmékt ér . DIFk ud d laammnax t i€+ er i
velu- al e DM dnatkisi kuvvetlerilgden028ge d¢ kK ¢r mg3d]. ol mukt ur
Ye¢kseik mpe tellerde gerilim makdeniiytlree ko Imdkean
azaltm& i -in k¢t e KiDTY kulsli st éelmmanket aldgra.n an

kekibiBo] azi - ih ¢KrP pars¢gmsa;, Kaub || cDmget samel ja i



Daha °ncaidaiheéelnigybyg®dimYoll anéeb aylegknl ar
mimariy a p & HBurbinalardar ¢ z g ©r d-eepvrreens ed i bdbimaul | ar d
i -erisinde yg¢r ¢yennedenyealnl ma @ nin azdlEes da mimaid
yoluna gikdajlémiaktdagnyaddakm Rinna¢yz&r iDATdrekni
kendi si gPAry¢gléemaktbedit i & evapagagicakmklsarl e dam
ol arak da adl andéreéel maktader .

k ekli6:lTaiPe Bi nasénda kmnuldkamat ialb]. PTsrtdd reir mi

Bu tark¢écebhTyddeaedece bi dalibarydikarid@ajpieldaar d a
kull anél maktdadbu. uKgpltramaerar i-1in °nemld.@
Motorlu ve moveonsanl|l am&et k@apep ¢zerindek
k ° p rdeyl aepr éararaverebilecely ¢ k s e k t g @ rleikkabimhektadir v b u K

ol umsuzl uju-igmndédrdp®kYlveyygul anmaktadeér . K €
Londrad a k i Mi Il Il ennium K° DTY g %mektede.Bunbtdear d&mul
dékéenda Ber | i nComeat Center OmedRmcor HillWSouth, Tower

Random House Towgjibi binalars é vé k¢t | eBliYmiy glul lalmas &r yla p
binal ardeér .

Butarz b ¢y ¢ k uygul amal arén yanénda; manyet.
kull anarak ve gazl aearéin ksuelbiEaun eayradr| adiail |ames
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yvape |l abi | mekt eOdiYrOk uBd amna@&yre dldgemli &kl @ mb&kha® ve da
etkili kullaném sajl anmaktader.

k ekliZZlK® pr ¢ de k WDITY arnrgléljain bi r

1.1 Problem

G¢e¢neg melzidre- o k maki ne Ve mi mar i yapél arda toi
yakanmgbkteadé&r. firmal ar bu t abrizrapo&kxhléemaer i g
vV e gel i ktir me faaliyetl eri i -erisinde bul u

harcamakt adeéer

Titrekim kaynakl & probl em ¢yzaeraiynadne b-i aj-uo kz aynaa
bu probl emi ©°nl eyec e-kokd ejvaerkdalialdc@klolsachitei n yapél m
- 0 k b ¢alyetler garektirmektedirBu nedenl e, bu dahapé ve mak

sonrglane k| enebi |l en ve pr oblaeznael tnaend eyna odlaa ns étfiétrrl e
DTY sistemler.i kull anéel maktadeéer . Bu tarz tit
ve bir-ok -°2z¢:;me g°re dazhllmakiciuzduygulBanamr

DTYOI| er dyeany geén ol ar ayka Yk ud il satneerhlaenréi, n kegrnt el uk ar
DTY sistemidir. Bu sistem, probleme neden ol
bir Kekil de ayar|l anabil mekt e Ve dar bir f
- a |biemekaedir. Fakabu avantajla é n yanénda, gel eneksel DTY®6I



da bulunmaktadeéer. Kstenilen frekans dej
yé¢ksek frekans yayljaenr!| grziemde de ol ukacak

kendil erinin rezadansyakéeekansléamdmas §,
deforma s y o ndluara®@agdveg el ene ks el DTYO6Il erin ©°mg¢gr |l
edecektir. Ayr éca Yy ay dekberbberedeégetiemekte me k a n i

i stenmeyen g¢r ¢l t (GelenekseDit & @ Eeur odhenak\t aardtéa j.

sistemde olukan titrexkimler kadar ° neml i

En yaygeéen ol ar ak kul | anél mekanilg etkilexdere k s e |
arendeeélgméeneksel DTYO6l er kadar etkin -
duyd makt adeér . Manyeti k ve gazlé sistemler
etkilerin kaynajé olan yayén yerine kul

ol arak knal i aeebhmgede ve mevctuanmymak taanché

Bu nedenlemanyetikv e gsa zsltée ml er ¢zerine arakt ér ma

12 Literatg¢gr Arakt ér maseé

DTY, tek serbestlik derecesléik-sd Is@&mbaditem i n

titrekim kontr olligt esradPliYarydien Dii gt- epeninra.k al €
bul unmaXketnideéetreknol oj i | er isnonarya&lahpgdmed ana s @
makalelers e - i ve buimakaleleraktif ve pasifDTY o | ma k ikiicazyerrée mna gr |

altéenda al't bakl ékl arda incelenmi«ktir.

1.2.1 PasifDTY

Pasif DTY, harici bir kontrol geektirmemekte, DTYO im doj al frekanseé
duyulan frekansa aylaa n ma kPasaf @ EYrt.asaeseand @ace tek bir

frekanseéna ayarl anabil mektedir. Beyl ece
titreki ml er i Pasif Darzradldtgma; kkt eatrdigelr ivye kol ay t a:
nedeni yl e bir- ok, Bal anneddae nk el |bagun é&tluaorat tat i€tnre

geliktirilmesine °nem veril mektedir.

1211 K¢t l e ydDYY (kiri k)

fiGelenekselDTYO olarak daa d | a n deé sistelmdm r - o k titrekim n

modellemeyi e si t | ekt i r mek mkgdtnl egs%abitivber yaydenn b i r



ol ukmaktadeér . biBuabtbkamsda kndldledn glzmaktihale bir-o

-al ékma vYapel maakt &t ekmal arén bazél aré axkajéd

1975 yél enda Velgdareénwdea ;Sidrmnvkaa s-tarleé kkmar i kK ¢ zer i
DTYO6kanakteristik ©°zelliklerini, mo d a | kontr

ol arak bwumual aktada darumuzag(statespack modalird i n

daha ger -ek-i kied mae Hhi-dtnerviitsikkoeil-aski ri kK s°n
i -erisinde [Hull anméxkl arder

1978 yeéel énda Baphaatr nvoen iKku maarharsinvka mayl t énda s°ng¢gn
derecel i bir siBlYems arl amayna u-yagluenk mé k|l ar deér

(o]

sonucundayutucu k ¢t | esi nin an a oa@anla-toekmi k¢ -kéekt | ek mas

durumunda bile, ana sistemini t r e K i mn agatnesi Bknluseindaetkin bir

bi-i mde ballierktf8elj mint i r

Jacquot 1978« k i -al ekmasénda, S i n¢ z oli-Eukerl kuvvet

kKirikinin titrexkximlerini KDoYh paramdtreleani t é na al m
arakter méexkt er . Kirikin tek bi rDTiM®dca ni -in vy
k¢etlesinin etfqil erini bul muktur

Pombo ve Lawmrpa €] 28 ZadelDEYkknual d aa,n € mé nfakat- ok ©° n e ml

sorunluol arak tanémlamaktadeér. 2 kuvvet et ki sin
yer |l ek DiTibllssimsitmeumi n doj al frekanséna etkisini
sistemin titreki migeameéakt@drdieme ol an et kil er i
¥zg¢éeven vEMMBdn dyEipda red &8 a makl aésktnraed ak i ri Ki n i k
adetDTY kullanéadraks ° n ¢ ml emkbgeéel mexkt ér . Bu -al ékmada

yutuculardaviskozs ° n¢gm uygul anmék ve en yughpun kokul

-al ekxkmad®ayYDObhinnalOITIY éeyteki sinin ol nfalej € gor ¢l me

Kwok ve Samal.i 1995 yaektadmagdga Ppakwinohde k pas.i
r¢zgoO©r et ki s ikieaiklletingi nndcaekl i e nbi | kBhaeimadiidra énén sonucu
daDTYoei kil erinin -ok a-ék biifl2lkekil de g°r¢l d

kanl ét ¢rk ve Belek 2001°peklevid@cibnde - g Mmeaplt en
yéksek seviyedeki titrexkimlerini kabul edi |
DTY t as ak |l aarmEér . Sonlu el emanl ar metodu il e m

kritik rezonans fr ekans é¥ntéea shaerléinrélneed i ykat permé ksl oar



kanl ét ¢rk ve Beikak e eb gyl lleakntiDnf etrietkr,e kK i ml
azaltmayar {18k ar mé k |

2007 yelveégydpm&kwnol dukl areée -al eékmada, K
serbestli k dereceld] lydtucusus 1 et eymée | adabami
yutucusu( yay katsayésé dejiktiril eyuueusydoj al
k ar kK enhaakkttaédré r . Ay r éc a yutucundn- idfithnama k manitk e
altendaki siysittneentd lei stiintirne kK i any ayatdcwsuile b i | i r

neredeyse ayné pergosmangldkilsahdipr ol duj un

Yang, LiveChen 010 yéel énda yapméxk ol dukl aré - a
bir pl aka ¢ zeDTYnkduel | lminradeark , f gpdladk anén gen
ol mkiat r enkaizmallgrmaya - al ékméxl arder. ¢al ékm
yutucuplaalkeréignze bajl ant gluanendaviepéamlt max
ger eken s°n¢gm katsayéelaréené da optimize
yutucusunune k| enmesi nden sonr a ol uk &m dei ki n

dekKer ¢[18e kKt ¢

1212 Sé vDaY é

(0]

Sév i kulf @& In € tasarfamalbut DTY - eki di ; d¢e¢kek frekans
bakéméndan daha - ok yé¢ksek binal ar da,
engel |l emede kull aneéjumausug gad gm¢ zBar dalpa t4 d
kull anéma y°nedlkemdalkalie Sal@&epguit-amal ar e |

y°neli k Iiterate¢r bilgisi akajéeda veril mi

Chang 1997 yéléenda bi makkeéatrldea &aryessa,e Eaaya rl
kolonlu da mper ve séveée koHekliunde tadikBTmd éyruétluac

-ekKi di czerineitperkmbymadaubBn Bek serbe
sistem ol ar ak dekenegl degj ¢nde, r¢zgor vV e
durumundataganief eéma@m kull anélabilir tasar
Bunun sonucunda dautucula i - i n bir etkinlik katsayeés
[16].

1997 yél eénda Chang vV e Hs u; seutu@su k ¢t | e
geliktirmiklerdir. GelyutucusungscEivikel e&roilmomd uy @

yutucu(SKTY) ol ar aké kd dalradmedér ¢t aioame rdaolj aarl € f d & k&K

kol on uzunlsgmuaukoly@am@&n gearmetkrdiul U m@K | i
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belirl emivioime ddbijral S$SKEBkanséné uygul amak i sted
vesayeébkbatak analSonuet wmil malr @ kKYidimEsNagay akan SKT

bir titrekim yutumullg.ajl adéejéné belirlemickle
Baner ji ve Samanta 2010 yél énda, binal arén
k¢etl esini Kulydtuausuh asbrt amekl akdafr . Bu tasarén
altenda sergilediiji h ar enkyekted ielrd @ Jl ke® ybliencael ar d

bi nal ar én znaengelley d g § 1 mebseiMiapt iElk miak es v &1 € Kk ma d a
kull anél ar akyutycasurmldarm at if tazé i mner j i yuttujun

Ayréca yapméxk ol duk lyatucésunpbkue ksisg8dée kosltteli |l ent

ana k¢tle ¢zerine yay i1l e bajladéekl aré kegtl e
titryaucusub ¢y ¢k genl i k dtldiod ralrearki nndad eékartaekt ad ér .
bu t &@smarédmni k ve geni kK bant aral éjéndaki de

ol dujunu Dbel18jrl emi kl erdir

n TLD

:

;' iy

EI g —

:

= (] [&]

m, B
—

k e kLiB:IBanerjive Samanta'nén yapmék ol dukl are - a

g°st[BE)im

Farshidianfavd.2 0 0 9 yél énda ayar | ana pututusunun s év é k ol
(ASKTY) yapél ar czerindeki davranékéné 1incel e
derecesine s aSKTYp e kyl eemeéerr éerk, yA p aanalifike davr aneée
form¢gl asyonunu ol uktur muxkl arder . Ayréca opt
Kekl indeki bir r¢zgar 11l e tahaed k. e@&@bhen bir
olarak k ¢t | e orané ve wladvrm&ap&w éukygndngisi mii anédnén

performansa ulparamateleo li d ujnurnyet BB mukl ar deéer
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1.2.1.3 Manyetik DTY

Di nami k yutucusysigtamdenl ukan tek y°nl ¢ kigtresgi ml
ve yaylarén olukturdalu Buvkdaviee thlaettteay asge]
k ¢t
Méknatésl arén ayné kutupl u manyaikyveer,i n bi 1

esiyl e sajl anabil eceji gi bi manyet.

aynée k¢gtle yay si st emikntdeed iol.u kBaun «kkeukvi vl edtel
di nami kyutugusuy & x i knul | anéméné azaltacajeée gil
nedeni vyl e si stemde ol ukvaec a § ¢ rmgdl&tagminknn e ¢ r
g e bilecektr.Bu b°l ¢mde manyeti k DTVYda imangtk i | gi | i
al aneéen, bir yaymék gi bi kull anél déj é& mak:

Nagaya ve Sugiura 1995 vyeélkavwdleaininfiregré nl ad €

ol madej éneé, sékéktéeréelma ve germe esnhaseé
o]l - ¢de jidenj i kKt mButdzell ijJin méknateéesl ar ar
bahseden aywaygtarmacébikzet |l i klerini, lanéknat
takl it edebil ecekl erini hatta yay kat sa)
bel ietdi k. Bu Keki Tédémd etmasshasd henme kar DK t €
tasar |IDAdiélke aagt Infodel i kadde eyl soeudli ar

Sayyad ve Gadhave 2013 plyaérléé nbdiar b3i rméekrniant ee

Kekil de yDdYtaswmt i aeneek ar dér . ¢al eékmal ar én
izerine et kidikl eri har moni k frekans| é
yutucusu ile yutmaya- am&kt é Ayr éca -al ékmal arénda n
uzakl ej é dej i katicuseun e-ka|l @ K ha ekfirmekanséneén
bel irl ebnimkdrerdgla Ire nyaticasandar tair tkrl ek ioth ar ak - al
da istenilen frekansa ay[@dll anabil ecejind:

Wu , Chen ve Shan 2014 yeéel éndananyetikpyaye k| ar &

(NSMY) kullaréaraktasarlanan i t r ek i°mziezohae -al ékméxkl ar
k¢ep kKeklindeki 3 méknatéslaré Dbirbirleri
yée¢k model i ni kull anarak méknati §(sdkade jaearas
yay kat sayése) belirl emiklerdir. Lineer
direngenlijin k¢-¢k salénémlar etrafeéende
NSMY kull anarak ve kull anmadan yaptekl ar

11



kul dajramant i t r eokliamt ©° dghagh f r e knadnésidgzjthg,] er i n
g°r largikv e - al ékmal aréné bakar gR]le bir Dbi-imde s

1.2.1.4 GazDTY

Bu model ma DTYemoidke IMeersénvdéen f ar kl & ol arak ku\
gaznsuakkéntl émeli&kb °zel Il i 7Jini kull anmaktadeéer . E
hazne i -erisinDdek ptull asniami ngatze&gmeketi yl e séké

yayl arén yaptwyeéehnldieetlkuvwgathdl| amreér ssi stemin tit
azalemha kt adjee d a Ag a&dak kK algnéhavh g ay | ar g°Bg |l mektedir
bl ¢mde gaz DTY ile il gildi makal el erin yaner

kull anél déjeée makalelerde incelenmicktir.

k e KlLi9:IHavakul an éy ap eédkane k y[28y | ar

kekli9dda g@azl én yfaayrlkalrépaotl eartakar akt Bir masée b©°l
patent7d e f ar k | nglen Ibahgedilecektic i Bu t ¢ r ugagbDITYamal ar [
uygul ama¢mirenhear élaadaéa d éane&knt eglaz . k¢t l esinin ha
duvarl ara kuvvet uygul amasé prensi bine day.

model inde ol duju gi bAyryéaoya rhkaud d lachee | maznad& t ad e r

verlexktirilen k¢gtilranpinnmeBanndendkagmnlagd @énanegk a
o | abikmektedir Busayede S°n¢m i stenil en duruml ar
kull anél maséena gerek kal mamaktader.

12



Moon ve Lee 2010 yéléenda yapmék ol dukl ar
denemeyaél|l ma y°ntlean hanithdst@i tr eki m ii-zion asy
has as bir Kekil de mavembui i mbdml nohagta:
anal izl er kyeakditDd & b a rgd & rs.l e perfomarsd etkn éderk |

di yafrawmé@nakek hmésétl ayécéesénén daha ©°nc
model |l erinin zayeéf kal dej éndan bahsetm
karakterisiklerini incelediklerindenv e 'y e n i mat emati k model | e

bahsetmi kKl eradukt ur daklaas®nmat emgtaphkiéa k| a0

deneys el k-aarlkésxénmakl baerdéé r . El de et ukklUerduklsa
modelindaha basit ve hassaso n u - | a rbelivtneir kdli [@4]. dhii r
Kiitle
_t%
——
' —-— Divafram
Wp ____i___ Yay Odas1 Vs '
.I. Sinim Odas1 “\\j\ Hava Alis
AT K.lslﬂﬂ}'l[‘:l
- ma t X0

keklil Moon ve Lnmeaet'inki ntopthrPenk;,irng mazt i k24]g° st er i

Hevd.2 013 yél énda hava yayé sistemlerini k
titrekimlerin giderilmesi y°n¢ndeacak al € k m

kuvvetlerin dajéléeméné ve sistemin dojal

teorik mod el ol uktur att a it r ehkaivna etigaiat yuemu 8 &
incel emi klerdir. Tasarl adeékl ar é geventl il
olukacak wkme ézal amhekaal mékl ardeér . Daha s

yayé sistenaknihaz®zrelladcelkdnadreé dheeareany kd £7 e nv
teori k hesaplar ile karkeél akt[ZBfyarak tat mi
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1.2.2 Aktif DTY

Aktif tnttmrelkd;m Kaopé ¢zerinde olukan titrexkin

dej i Kkt i r meé&lerimiregernbéseemayil®mV¥dodopal frekansénée deji

titrexkimlerdi engel |l emeye dayanmaktader.

Lee ve Sinhia 1986 yél éndamdet ekktd dr bteisttrl @ K
yutucusunun p a s i yututusuha rexnlma dahwaeryp beremeweee]i
belirlemek i-in -alékméxklarder. Bu -al ékma i
¢al ékma sonucunycudua ahksi fyututusuhag @ K e mdah a

bakarél é& ve kesin so®bu-1ar verdijini bul mucxkl

Nagaya, Kurusu | k ai ve SDTY@&lng? dlghd 9lowlal anél madej é
yapélaréen ve maknyro&kl aerdéinl ethi tl rde §.nHadatbesnt d i r

kuvvetinf r e k@amngréeenz onans ffraedkduggle ntdande titrexki ml
- o kaair It e c dahsetmeleedirleDe j i kKken seryuit kecvekiar €i tr ecx
otomatik ayarlanabileryutuculark ul | anél ar ak bu titrekimlerde
bahset miad l@ekradri énn.gdikdif tittelk i m y°nt emi nR7].ar akt ér mé K

Walsh ve Lmancus#1991) aktif DT Y6 i ecel emi Kkl er di r yo D° nen mak
verme durma ve istasyoner harekett i t r eii °m emii mden bahseden
araktéer mabiek al |, aledsdqhé@ f u md a k i titrekim genl ikl

yol una gitmi kKl erdir. ¢al ékmal ar @éneén sonuct
azal t abiyltuoekkes til -eisn nin ve kull anélan s°n¢gm el
orabeheéer | €28 k1l er di r

Jei ve Kefu BpmeR0OO6dy&l gsmedabdy f i-alsarwemadai J i
dejiktirilebilen, yadcesk(EMTY)mallmetkil lkar dért r e Bium
sayede ana sistemde ol ukan deji kKken frek
s°n¢egmleyebil mektedirkkernd8&8ubiral ékemht aomaknaatC
ortaseénda dai mi meknat és adlsum aanuibm & 0 ki u
yerl ektirmixkl erdir. eB°iynldeecne aekl éenk Yo memérkinlaet réesk
frekansée dejiktirilebil mewtuauslti a s arBluamsmégrtder a
[29].

Wu ve Shao RDY&de ék elnldanél an yayén sertlifji
orangaééel ém kull anabakdéndejikkemerekekansl!| a

uygu anabi danaktégrinmékl|l ar ve -al ékmalradé&rnda bunu
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Ana Kk DiYkes, tvleesi araséndakhk faktf@IVeiEen§gakd
-al eékma Uyuwrk asnasjélnaar daptif birDGYe taisramiéxkrée ry,a p meé K
[30].

Deng, Gong Vve Waagnptorebld)B(BREY raaddelaridkallaarak,

manyetiKk al an I -erisindsaep fraalkd emef r%zZalnlsi
tahri klere uygul anabilir byutucusu gADAY) | anab i
tasar |l ameéedeanr dyeawee IMREK kat sayéshey&kpanr ol
¢z er i nduaulan onawmyetik alan etkisi ile BTY f ar k1| & frekan
ayar|l anabYdpm&k iagl dukl aré -al ékmal aré teo

ve DTYO rdiorj al Ha&ékathzs éi | e ndh2 diZ | mriasé&bi |l m
Ti t rlesi @0idBnkadar azalfaildi k| er i ni [P r m¢g k|l er dir

Cheung, Wong ve ChengbirhékdledgHibeit Ty ay eéxni mdé
YutucusuHTY) t a s ar | aYlé, rastgele kbevetler uyigulanagkiserbestlik
derecelibi r si stemin rezonans f,rgekarks ébnidra kfir e
bandarzdd t abi | mMmiakslaarl dinré ¥, amlad ukk¢ talreed el T g e |
deji ktirme ve héz sinyall er i noptimigasyoni besl
yakl akléeeméet i t r emdi azatmagyeen | h &€ d e tAyerma & e &kiki r .
yutucu k¢gtl esi kull apatakhudaaikRghaktdajde:

Ki m, Wang ve Brennan 2010 \aétékeserloestik y ap meé
dereceli bir sisteme uygulanan pasif ve aktif pielgktrik D T Y 6 dinamik analizi
veoptimiza y onu ¢ z er i n ARktif veaplas#x Tn'¥e & dptamzel exlitdikten
sonratamamerb i r bi ri nin exi ol duj [Bbu g°ster meye

1.3 Patent Arakt ér maseé

Dinamik titrek i yutuaul ar e i1l e i1 gili ol arak bu tez
deneyér mabaallt aaan & de gen i -8p | big patentarak @mas gap len& &.

Yapél an patent arakt ér mas é esycarnzyzesmigkiab ul un
DTY wuygulamalarma yoju n | ad«de IDmY i | e Plhgi i patent
incelendiji pahkei r malkamuemnu daha uvywdkul-amealkaerr:
czerine j§g§optni h Aaehtrak@maier. €  crola Amupa Patent

Ofisiv e r i , UzakiAsyaPatenOf i si v eBi r kDaveiekraentOfisi
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veri tabané daki kayal @atentb a kK v uincd leanrm@D K tY 6 tasarné m&andeg, r
fikir veren némli paentlerakajé dPaz et | enmi Kkt i r .

k e kLil16 dL&s Elektronik firma s &f dam20l0ydé ndakvur usu yapeél mex
pat ent g° Bugpdteme knia endkinalarenda lelirli - @’k ma f r ekansl ar énd
ol ukan titreki ml edtdma s & ogdlikitilamik biredlYdiyme si / a
tariflemektedir As k & balanyteéo k t da & amar i rtiplikD TY sayesinde

titrekimler azaltémakiad € Titreken -ama K € kinasn@® iacea sshipol duk | ar é
rezonansf r ek ans it art e gedikldmni d ¢ K ¢ rkentra kté n @amaya

yarayan ve ana fitrex i smstemine morte edilerek kullan lén ikincil bir mekanik

titrek i smtemi olarak tasarlanma &. Titreken makine sadghna kirnk ile kefl € ol an

yar dé&émtlegaca aktaréelan titrexkimler:i kendi iczer
[34].

Patent Bashg Dynamic Vibration Absorber

Yaymnlanma Tarihi 18.02.2010

Patent Sahibi LG ELECTRONICSINC

Patent Numarasi US2010037660 Al

k e kLill Patent 134].

DTY 0 |-eaaraikmakinalaré n digulannes € nplaelik bir dij er patent isek e k i |

1126 elg® srilmkit. Samsung taraféndan 20 Qfaente | énda back
en temel DTY tasr éaml@lan birisi g° r cektedir. ¢ama Kk € r asn@nlan n

panellerine mone edilmik k i rtiplikD T Y 6 kigemin titrek mlerini azaltmaya

-d& maatk @ Wygunbir k detoran &e Herek, istenen - lak mbekan s e ndbh é kac ak
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olan bu k i rtiplikDTY i - uygun bir k i rrijitl§i se Hmik ve DTY tasaréné
yap lenx @&. D T Y 6 tasr né m & radliebir paramete olanyay katsayé &« @ in bhoyu

velveya kesitdg i tkilerek ayarlanabilmekiedir. ¢ elik bir kir i¢zerine hesaplamalar

sonwcunda elde edilenk ¢ tyl eer | e k tDiTrYidlnaane & kfrekares peperi

ayarlanma k t {88].e r

Patent Bashg Dynamic Vibration Absorber

Yaymnlanma Tarihi 06.08.2006

SAMSUNG ELECTRONICS CO.

Patent Sahibi
atent Sahibi ITD.

Patent Numaras1 Us2006117812 AL

k e kLilZ Patent 435].

Kicdenenbird i jpatentsek e KLL3beg ° st e r. 2009y ieé K t&BEekironik

firmas &rafendan b a K v u r u s lw palerite) Birl ya ra kerisine-iki adet yayla

baj lanm& k det ttrek i rhareketi yapmakede . amé& K € r  asn@gzérimdeki

istenmeyent i t r eazaltmmek e- teisarlanamusisteminenb ¢ y ayaatajlaé n d a n

birisi makine ¢zerinde -ok fazla bir dei iklik yaplehadan sisteme motke

edilebilme s i daina k € r¢ asn@lt paneline kg lanan DTY sayesinde, -am a&

mak i n@® eetitrek mleri azaltdmaktav e - amak ér maki naséndan

titreki mler.i yutuml amaya -al éeékméxl ardeéer .

i -in daha cazip bir hale-gkmaymekmael amg
[36].
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Patent Baghg1 | Dynamic Vibration Absorber e

Yayinlanma

Tarihi 07.01.2009

Patent Sahibi | LG ELECTRONICSINC

Patent EP2011912 A1
Numarasi

k e kLi1l3: Patent 336].

~

Kicdenenbirdi | eentisp2 010 yel eénda Samsung firmasé
y a p éyabamebilir DT Y 6 n ma K € r adamegderindeki uygulames @&.dk e k i |
1.146e- ma kn&k i nia-siéarlantmaaagarlanabilir DTY ¢° r celktedlir. Aktif bir

DTY ol an bu- @awdkindanda &r k4 & méaekanslaénda ol ukan
titremizaml ¢ie-ilgnd 9 & t .iSebitbirinr & K a n DTy Gereg’leé k a

daha kullanél&bir tasar € m @& patentteki DTY tasar € meg yutdicukétlesik i r i K
¢zerinde birservo maor yard rég/la yukar @ka) éya hereket etmektedir. Yutucuk desi

servo motora bir tel ile bgled € Bir yaz@é nmsayesinde servo mador igenilen

zamankrda yutucu k desini hareket ettirmektedir. K i r ¢zekinde tareket eden

k dehin konumunun dgji mesiyle DT Y 6 ndgd frekan s &tenilen de ere
ayarlanabilmektedir. Ayarlanabilir DTY sayesinde far k tel@ansldér éaki titrex i m

genlikleri kontrol edilebilmekiedir. Fakat bu sistemler sbit frekansta-al&an DTY

sistemlaine ¢° r daha karmak € ke pahal@ é 1€ ¢ n k- gwmak € makinalar € n a
uygulanabilmesii - birrkontrol yaz8@néve %rvo motoraihtiya- duyulmak t a Bué

cihazve yazéamlar y¢ksek malyet gerektirmektedir [37].
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Tunable Dynamic Vibration

Patent Baghi Absorber

Yaymlanma Tarihi | 10.05.2010

N SAMSUNG ELECTRONICS CO. -7
LTD. n
PatentNumarsst | o, cc7000074 A1

k e klil4: Patent 437].

keklil3%d de ki ind®&t®6&n typéalkevrudau s u y a p édirengenlik & r . B
i -in yagvageémnneseeckéerRrélrEl pbntdenliyararl|l anm
Sézdéermazl éjJén °nemli ol duju bu patentte
-ape il e ayneék¢ tHdmehl asnaéhlinpl kK bkaaleédn vie- er i s
yer |l ektYerl&kt mi méde . di kkat edil ecek husus ¢
kap i -erisinde hareket eder ken b°l mel er
olukturmakta dijer b°l mede ise geni«kleye
Byl ece kg¢tl enyiany 2v atranréxf-@amsdeEanadaeéhavanén b
dol ayée kuvvEeTlY°uzed U li dieneadida Al e sisteende bulunan

di nami k titr ekdiemm gyeu tkuocnw nku¢ntdlae stiuntinoeks @ zi - |
y ¢ k s e kadaa g kgeiltlikte biryayk ul | anémé uygumBi g°dil e
husus da sistemde -o0ok k¢-¢k bokl ukl ar b &
[38].
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k e kLil3: Patent §38].

k e klil6b @ 2013y é | &sandbungf | r mas & hawvadréensdianyapél an peé
g°r ¢l mektedir. Bu patent, -amakér makinesind
tasarlanan birDTY uygulmémasar i f Bemekt eidiirn. kazan i ze
yerlexktirilen k¢tlRBTYYagpasl aeméeyt era- aBekpat ér
°nden b a k gatayl éyj°éennddea ol ukakazark t i brari ml erinin
yutul masé/ azalt él ma stasarlareansisterk ¢ tvaymyliatile r . Bunun
kazan ¢zerinde ol uktur ul anleninp aahah kareket a b aj | an
etmesi i-in k¢tle bilyd3i bir yatak ¢zerine
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k e kLil@: Patent §39].

keklil®®ddekebkebaekiulll4danél an s i s katbu pdteaelbir anéel me
°ncekinden DOTéyatlayye® nglnarekk , t i dikeyeyRinmlnedre ky e r
titrexkimleri azal tmayeée J{yadgefslisemekti edigsrp.l e
yer | ektBur itlgmpiletri rd.e kazanénakanmomeeseoli ym
Te pl &krecke ltekl . D4 b i bir kézak sist@ljmwve bul ur
yayl(@yiereri s-demdere @e ldkeyg° rsched elt®&r eket e z ol
sapl ama bul uthamadkayasmleDT.Y 6 Batagy © n ¢ n drekkii h a

kéesétl anmék dlimkaekt y°ng nsdaedkecae i[40]lr eki ml er

k e KLi1Z Patent 740].

21



k e kl1i18 d e, 2011 vyélénda Hyundai afkivrunmausseun én vy i
go°r ¢l mektedir. Bu @B&t7e mtutmarlkadléee carmge&k rbaotbd sl a
(keklilba kul |l anél arak aktif DTY tasaremeée yapeé
dej i ktiri ci30)(k2eOklil8odoe&)b Sk rmkceri nden ol ukmaktade®e
dejiktiriciler il e kontr ol edil en bobin k e
azalt mdlkt ader

k e kLil8: Patent §41].

keklil9%da 2015 yélénda Toyota firmaseéné al méex

patentte takeétlarén kontrol panelinde ol ukar
30 numaral é& DTY, 34 numaral é k¢gtle ve 32 nu
ol ukiarn sbi stem tariflenmixktir. Bu sistem il e
aktaréel masé °nl4nmeye -al eéxkeéel méxkter

k e kKLil9: Patent 942].
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kekl206de 2007 vyeremmnda Parahéndan patent
kapélarda olukan, s¢r ¢k sérasénda yol dan
33 numatryalyé sk ¢sttleemi nden ol ukanf43]DTY tasar €

k e kLi2G: Patent 1443].

kekKiPIbdrRrenaul t firmasé taraféndan 1973 yel

patentte 1 numaral é motorun, 3 numar al e
i stenmi Ktir. BkotuheBi viegknAS5 °mdmar-allé&kan 6
g°sterilen elastik ©°zellikler@dsahip yayl

1 193ys

k e KL21 Patent 1144].
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keki200de 2915 yél énda patent bakvurusu yapél
Bu patentte Fk e k | irnadyel kai r czerinde, magl ev takeéetl aré
°nl emek adéna yapél méek bir DTY tasarémé g°r ¢
rayl ara ahklastmoemtkelkdi |l mik ve dijer ucu ser

Keklinde DTYM45 asarl|l anméxt éer

k e KL2Z Patent 2 [45].
14 Ama- ve Kapsam

Bu tez kiapsam@eyan t i tanssteinlend ygungeetkimbir uz Kk al

Keki |l d®TY--aelkéiktalner i .Gelerelsdk e, tydyesstenine dayanan

DTY - al ékxmal arénén vyanénda, bunl arlare al ternati
-al ekxeBwchaptdermknadsat r e bi r - ubDIX kudpmaeak,i nde al t e
ankastre -ubujun doj al frekanskggé meryiende ol
-al exeBuamaktaeéey? nmanyetkk velgbhZAIY a & ki t | er i kull anél a
DTYéd i -in alternatif mekani zmal ar swe kompakt
ama-| anméxkteéer

Butezdek ol ar ak, DTY ;g °k-yayWDiT¥, g kg ét DiieYk e cseékv &

ket el DTY sistemi, manyeti kskkhe~vxeér glzmé& k n
gazl arén ol ukt ur duDTY sitemvteoektolargkazneelemn et kur ul u
Bu sistemlerin hareket denklemleri ve kutve denkl|l eml|l erve buhesapl anmi

denkl eml er yardéméylna bdeoljiarll efnrnecksaatasi -dien] etrel oerr

24



yapel néokrtiekr .- all ek mal ar s eyaysistamnve by, sistgnel e n e k
alternatif olacak manyetik DTY ve gaz DTYsst e mi czerinde teori

- amadakya@ | mé kKt er .

¥ncelikle geagneksteémkethier -amakér makin
ol arak i ncel enmi K dveez asM a1t teanjiilnatraér abyesDaif relaeart
me kani k et kprdblemisowueundg Qursigténte glternatif olacak manyetik

ve gaz DTY sistemlerine y°nelinmi«ktir.

Gel eneksel DTYO0y anamyétik ve gan RTY sistemiadorik blardke ¢ e k

I ncel enmi K Vvevvneatniy eke aildealkugazl|l arén seéek
kuvvet denklemlerb e | i r |.e nHheiskatpilranan Kkuvvet denkl e
alternatif sistemler i-in ek dejer bir ya
sistemin dejhésédpedaaméeaktdeper Ral buubaami ar |
ek dejer yay katsayésée ve dojal frekans ¢
Bu alternatif sistemlerin DTY ol arak kull
belirlendikten sonrapir ucu ankastre dijekimnicerismedd,e s

manyetik ve gaz DTY sistemled, u buj un d od eajl e rfayadeknadines € r .

Daha sonra alternatif sistemlerin, -ubu
i ncelenmi kKtir. Aygreélcecanelbbsiel si BT ¥l ere n g°
dezavantajlarée belirlenmik ve gelecekte
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2. TEORK

Bu b°l ¢mde, dinami k titreBRiilm wyditjuicunauer &

t it ry@ucusum y g ul a ma temeruggnlahan kgvwwesh r e K aD BE¥0 n il re

doj al frekansénén ayné odaoaslé fgregle&me&kt €
mekanik sistemDTYo |l ar ak kull anél abilir demek yan]|
Mekani k sistemler denil diijisndd,emd ®yréelol |

sistem grubu akla gelmektedir. Bu sistemlerdeonl u sayéda serbes

sistemlere ayréek sistemler, sonsuz sayeéed
s¢rekli sistemler denmektedi®z.:,;mEeadrei kado
di feransiyel denklemler kull anél érken, s
denkl emler kull anél maktader.

Bu bakl eXiyal aeaklakul |l anél abil ecek, Ok¢tl

SistembT,si 63 @emé KDTYO marePEigazst emi 6 ol ar ak

sistemlerin teorik -°z¢:gmleri a-ékl anacaki

21 K¢gtl e Yay Si st emi

Mekani k sistemleyayi -erssemde,aykekl!l ebir
model |l enebil mektedir. Ayr ék bir sistem
denkl emlerin kullanél masé bu sistemin te
Kdeal kokul |l arda, tek serbest!| i RTYGlier eces
k¢tl esinin, ana sosaeenantbdoplamoKéhasesPn

K¢tdreah ékat sayéesé ol ar ak tutuouaumy ayw ér s pi tlui

akaj edaki gi bi hesaplanabil ir.
mA=M§8 (21:
ke
Y'—‘%"A:—A (2.2
Ma

27



Bur

k ok ul

ada

| aré g°zeterek se-il mesi gereken yay

_ka_ K (2.3
m, Mee o

¥

kA:MGS* % (24}

gor ¢l ecejni( Ogi bki¢g-kgdttloé mesianda@mé a

y umu

| anémeéneé gerektirmektedir. Fakat bil i nme

l tiekm&22@de ol ukan RR2nda epeki yalbémbbdblacaj] éd:¢

K ma

tl ar

é K ma

anénda kuvvetin farkle frekansl

e
ada artmaseéebw msedbempl ol GclkttleBPTY¥dane,
u

ardak

t asa

éné etkil eyeimdren °neml. parametreler

frmlbamseée nfernek ames én a yakeén ol duj u b

l i kl erden dol ayé haserklildd elkneeyddalea gel ebi |

Kan tek serbestl i k zbmameceflrieklainrs @8 as tyarkién

€ K ma

uml ar

Q

frekanseénda -al ékmaseé, k¢tl esinion

ik-eikRild dei gtde ke, € h g@ i i jviet | i Jine

mi Kk yutudugistemikygulanabilir.

k e RILIDTY uygulanan basit bir siste(46].
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