(o 4 i

SilSo

DOI: 10.22034/jmeut. 202111047~ JolS g3y — YAY-IVD axio VF+e ugly oF o5lais DY alr AF oyl 05lad 3y pd o521

bl s (58,5 a5y b jeie (glili- Oy (gl ouscS g aid )0 Jlow 36 pld ol o 3JGT
o Gy

OQ'}L&) ).>l§

m.ghanbari@urmia.ac.ir <)l ! cdaog )| cding,l olRiils ((g55 cwaige (8 0uSiils (SSlSe (gusdigeo 05,5 ¢ Lobiul

g.rezazadeh@urmia.ac.ir < ! cdag )l cduag,l olKiils (SSlSe cusdigeo 05,5 coliwl

PRV

Joe 055 o0 )18 iz 250 93 Sipe il ps 285 s b jgoe lailimS e sle eaiiSaaiin, 0 Jle SHU pkd ol Wil o
5550 el o ablo] 5T il s Y 55 Col (sl 61050 gy a5 Al o 105 s Sy dmis 5,Sern US4y s 5 e i 5y ol ccgolgiiy
b Jlws Glise g2 051 ssb mad 5 @lis 5,500 Jsb (5l 1 oSl S¥oleo s add s T3 Sl b Coli slo 450 5 o5 jxte 6lais cypy alols
¥lan o ta g o 508 a5 ki oS IS (5336 s, IS b s e ] ot 2l e Slah 55 e
Cubd Jsb aloz ) oaiSuats cwsin gl iahly Sl G a3lin prenes Jols (i cipd Sl 0 5 2l o 58 00s] ey
oS w3 oe Ol (550 ok 5 Sl (53 SISl sz 5k el 135 o0 JIE (o 3590 e Bl (595 Sl SICL o3l 5l e 5 il

Ao Rl s CukeS 556 o a5 0 ale Jlow 530 50 Sl SledsSUge S5 s atals 5 bl SaliE tely 650 Bl o Sl (354
2951 (uS IS by i3 (S5 byd sl aild — S ome saiS s (Jlw Sl ol SilSeg xSy S sl e 1 (guudS” (go3lg

Analyzing thin film damping in a rotary comb-drive resonator considering slip
boundary conditions

Department of Mechanical Engineering, Engineering Faculty of Khoy, Urmia University, Urmia, Iran

M. Ghanbari
Gh. Rezazadeh

Department of Mechanical Engineering, Urmia University, Urmia, Iran

Abstract

In this paper, thin film damping in a rotary comb-drive resonator has been investigated by considering slip boundary conditions. The
proposed model for this study is made up of a rigid oscillating finger in a plate form suspended between two fixed fingers. The
micro-gap between the vibrating finger and the fixed fingers is filled with air. Equations of motion governing the longitudinal
vibration of the micro finger and the fluid field have been extracted considering reasonable assumptions. The coupled partial
differential equations have been non-dimensionalized, discretized and solved simultaneously utilizing Galerkin-based Reduce order
model. As the gap between the fingers is so small and comparable to the dimensions of the air molecules, the slip boundary
condition is considered at the solid-fluid interface. Complex frequency approach is applied to predict the equivalent quality factor of
the resonator. The effect of geometrical parameters of the resonator as the length, thickness and the fluid gap on the equivalent

damping ratio of the resonator has been investigated. It has been shown that slip boundary conditions causes the freedom of the fluid
motion at the boundaries to increase which results in increment of the quality factor of the resonator

Keywords: MEMS; Thin film damping; Rotary resonator; Slip boundary condition; Galerkin method; Quality factor.
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