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ABSTRACT

The ring laser gyro, a representative optical gyro, has an area where small angular velocity inputs are not measured due to
backscattering of the reflector. This area, referred to as a lock-in, is typically removed by applying a very large sinusoidal
vibration to the gyro body. A mechanical device that applies sinusoidal vibration to the gyro body is called a dither. Dithers
have various shapes depending on the gyro size, and when the gyro optical path is relatively large, a single-axis dither is
applied. In the case of a single-axis dither, it is located at the center of the gyro body, but if the optical path of the gyro is small,
a cluster dither that simultaneously applies sinusoidal vibration to the 3-axis gyro should be used. In the cluster dither, unlike
the single-axis dither, a gyro body tilted at a certain angle is mounted on the spoke of the dither, and the gyro mounting part
for mounting the gyro is attached at the end of the spoke. In addition, the dither fixing hole is located in the center of the
gyro body in the case of single-axis dither, whereas is located on the outside of the dither in the case of the cluster dither.
Therefore, unlike the single-axis dither, the rotation center of the cluster dither does not coincide with the center of the gyro
body, but rather is located at the center of the cluster dither. Depending on the shape of the cluster dither, the dither natural
frequency varies and a different dither frequency analysis method must be applied. In this paper, we analyze natural frequency
characteristics according to the shape of a cluster dither and present the results. We also verify the results through modeling
and simulation.
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L ojodo] ZAsHA Hml, o] 2l (lock-in) Joletz gt 2] Syle] wet chake el clelvh 2aE 4 lek (Siouris

(Siouris 1993, Aronowitz 1999). Olﬂiﬂ 2ol BAE sjdsk= o 1993, Aronowitz 1999). TG & o]&35}lo] zJo|2 FA|of A3l

A WY 2 G AFS Aol 2 BAlo] QAsto] el 5 AF A7k wpH e, clee] $2ke Pb-lead Zironcate

H
A Q7hEl 2427} el dofo]l MR ARk Haslsle A Titanate (PZT)e]l ©]E 1§ Fabdol sl Aere F714 0.
Received Oct 29, 2025 Revised Nov 17, 2025 Accepted Nov 24, 2025 fCorresponding Author E-mail: jm_park@cnu.ac.kr

Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Copyright © The Institute of Positioning, Navigation, and Timing http://www.ipnt.or.kr Print ISSN: 2288-8187 Online ISSN: 2289-0866


https://orcid.org/0000-0002-4440-8994
https://orcid.org/0009-0002-3110-0533
https://orcid.org/0000-0001-6578-4895
https://orcid.org/0009-0004-4694-0660
https://orcid.org/0000-0002-1441-8796

396 JPNT 14(4), 395-404 (2025)

2 Q7lste] ty X Eof #3 BHE (bending moment)S 2
A7 Aolth. etk doe] £ AA @4+ HY 15 F
e 9 o 2150] "ot =9l o] MEE AIZMS HAd)s
o Feflo]A] zpo]| 29 HE| YA J5-& P77 SeliAe o
O] 24 Eg Z7hAlAk s0], B 7= of 7h4;
Z7hA71= w0 B trle] 14 Fieg 27hA7)E
2t} (Aronowitz 1999). whata] PFlo]z] o] 2o] 24
AZAH olof BA vl 1§ Fat4E FSTFAIAF St
o2 PR 28 cmy FE|o| A 2po| 2] 742 2F 40
2 16 cmg glo]#] zpo] 2] 79 ¢F 600 Hzo] @& H©
S 7 e Ao gHA 9lor o)A 2po]Re]
27} 2ol 48 EQl Yool #AX]7] wiio] r| Y Af Fuabg
= FAxJoF gt} (Siouris 1993).

Yy o 2 15 tti FHo]A 2po| 2 FH 9] FAlFl
2ten, o AX T (spoke)e] el I H Zfol 2 FAo
A} 5ol AV EE AZHEc) tebA] 15 Hos 28
(clamped-free cantilever)2 RE & 715510, olof tigt A &
Bdo] tha w31y} 9lodth (Li 2013, Yu et al. 2013, Xiong
et al. 2016, Lee et al. 2002, 2009). o]2]3} 1= t]t]S Yao]|]
z}o| 2 3717} el el = A &4 AF=] (inertial measurement unit)
o 8% A%, Vo) AR ThE 1§ Fu4E 7HE 39
o7} 282 Bas) Bk Siours 1993). W] Folze] 2
|5 15 Yo o)A 2po|Re] FHETL ol HE & 7
Sof Yurd o2 AMRE, YHo|# zfo]Re] F7Y 271 Zol]
= 73olle g el 5185 WHo] Faste] tr A4
9 A Zpof| ojz]go] wETt. o] F F5SI] $J5te] 359] Afo|2
Ao Z1AA &S FAll A7 4 e 9@ HErt Aljk
%It (Hanse 1992). A¢He @ ttl= o] o] = 7|9t
WIEHFA 235} Al 4ot L, FARE AIQtE
SA TY o A L A thek Aot 21 Al gl
t}. o] =ollAe FElolA Aol 2 7R B S| of A&
7Fse B ] A 9 P whE f Fokee sl Aat
£ AT ShollA g3k viel o] &l | 1f Fabee
Bello]A] zto]2 2l Y] F71eF TAZE 7] wioll, T
Tieie) 14 Fake A 27 7742 800 HzE Bk A7}
Aol e g F o 23S AT,

G Aol 3789 FElo]A zpe] 27} A=bE ojok 517] Wi
ofl 37ie] Hr] Ax 371 Ao F4olA A4S 2 X]5H, 120% 7H
7o 2 sleAe] FAEHEE A T Hre] sHES
go Aol $1XIskH, 3719] Falo]x] Zpo]2& 37HY AxT
Aol 7ol O 3)[ % wieko 2 1205 7HH o 2 S| &3} 64
T 71&0iA] bt 9 foje] Ax 3 $E 2 M 33
FAolA ol AR e} A, O E & 2 BYE5H%
A sh-Aof 1 Hct. wEkA], 15 tlojebe o2 A
(clamped-supported cantilever)2 E@E& o] 7155
o] tt| 9] it wet REFgo] Gt B, 4] $E
F FopE siMshe WRol 28] HEEofof gt} o] =
Ae AA EFE BES o] 83 T | dA A Al
11, SolidworksE o]-25F M&S ZAale} v)w BAI519ich E5F
2 £lEi S ) A2tslel ok A A b vl Esiotc
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Fig. 1. The picture of typical one-axis dither.

Fig. 2. The configuration of cantilever beam.

ARFAHQI 15 Ht+= Fig. 13} 2Tt Fig. 194 Htj= 3709 &
< o] gsle] FHo|A] Apo] £ A =, tr] AxFo|
B0z 2po| =2 FAZE AYEHEE ARt 2B R g A
2z 0] B2 PZTol| AYE Q7ksk Aol 2 A7 & dat X
5= SHA Hrt. ol2ig YR Yurt FAEER tr AxF
£ Fig. 29} 7+& <)X (cantilever beam)2 R @& o] 755l
o1 o] Bt Q](transverse deflection) &% WAL Eq. ()1}
Zrt} (Timoshenko et al. 1974, Lee et al. 2002, Rao 2004).

Eq. DoflA] E= @R 9] o &(Young's modulus), I+ IH =
W E (moment of inertia), pr= Wk, A= THA N, p(x,H= 2
FoA A7FE = flolck. 23} o FH ] 13 Fotps 9 Ho
A Q7= 3} FHsEE Eq. DllA] plxpe ol 78T
4 Atk Eq. WollA] FEIL 1) F34-5 7HA AL 9 JF
° & Fehhar 75, W] y(x, O Eq. (2)2F 2t} Egs.
(1, 2°fl M4~ 25 -&sto] xof| thet 54 B AlS ok
Eq. (3)2} 2. Eq. (3)ollA] M= Eq. (D} 231, Eq. (4)ell thet ¢
HHell & 51 Eq. (5)<F 2tk Eq. (5)<] dutsfiol thet A&
5h7] SlslM e EE L FAR ] QEw, o]F Alog 1}
ER¥ Egs. (6a, b)2} T} Eqs. (63, b)o] Q]FE HARAL <]
TR 1 E x=0 AH A, FHY L RS 7]-&7](slope)
= 742 00w, ¢ R o] Tl x=L x| ZofA], MY IHE
(bending moment)2} A+ (shear force) TgF ZHz2F 09 2jH]
St} (Timoshenko et al. 1974, Lee et al. 2002, Rao 2004). Eq. (5)
ol A, x=00] 4] 2] L] FH A ZAR] Eq. (6a)°]] thslo] Bg A&
51 Eq. (D)o] AXEM, Eq. (1)< &5 s Al 731
o Eq. (5)ofl HYshHH Eq. (8) Zth. Eq. (8)ollA] x=Lel| A <] €]
TR A 279 Eq. (6b)F 2-gste] 2|5k Eq. (9)71 Al4b=]
o, Eq. (9)¢] @ Al(determinant)o] o] == ALE 614 Eq.
(10)2} Zt} Eq. 10)& THE3h= AL F718% s E 7= AL

fo F



Table 1. Solution of characteristic equation.
Type of beam

Solution of characteristic equation ~ (AL)

Clamped-free chsh ALcos AL=-1 0.59686471
Clamped-clamped chsh ALcos AL=1 1.50562n
Clamped-supported tan AL-tanh AL=0 1.249876m
Supported-supported cos AL=0 b1

2 S A0 A2 LS 4§ 29 0566} 3
t}. Eq. @ f,o] chsle] Helshd Eq, D3k 23 Eq, ADe] Eq,
10)& TE5H= AL sk 2 BRe] 38 T4 f,0] T

=y
EIZ 4+pAZZ =p(x.,1) (D
(x,0) =Y (x)cos(er +y) 2)
il;f Y=0 (3)
=L @)

Y (x) = ¢, sin(Ax) + ¢, cos(Ax) + ¢, sinh(Ax) + ¢, cosh(Ax)  (5)

y©y=0, %X lo=0 (6a)
dx
&Y &Y
E‘szzo, E x:L:() (Gb)
G
|:0 10 1:|C2 -0 (7)
A0 4 0fc
C4
Y (x) = ¢,(sin(Ax) —sinh(Ax)) + ¢, (cos(Ax) — cosh(Ax)) (8)

—A2(sin(AL) +sinh(AL)) —A*(cos(AL)+cosh(AL)) || ¢ —0 (9)
—2A3(cos(AL)+cosh(AL)) A’(sin(AL)—sinh(AL)) B

coshALcos AL=-1 (10)
1 EI

=— (AL |— (11)
’ 27r( )‘\lm/?

4
e BAZAS 1 Fig 19] SiEo ] 245 S
s} S0l Bq, (2)9] AAZA, 9% BEe 1gsla
s -‘?"%% AAsHe Aol Eq (133} Ze AAZRT, %
S B 225k ASols Eq (49 2e AAIZAL 7R
Egs. (6a, b)9} Egs. (12-14)9] A Z70] Eq. (5)& st Eq.
(9)¢} 7Z+e HEAlS 2 Tslo] ST Alo] ofo] B AL Falo]
2|5} Table 13} 2t} (Rao 2004). Table 1 oTH o] HA X

el weh 24 kst 34 debye Hojsm glrk.
dy dy
Y(0)=0,d—\x:o=0>Y(L)=0,d—L:L=0 (12)
dy d*y
Y(O)—O,d l-,=0,Y(L)=0,— el l,,=0 (13)
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Fig. 3. The configuration of cantilever beam with an end mass.

Y &Y
Y0)=0,22 | _=0,v()=0,22|_=0 (14)
)= pE = les L= ) |z
2.2 o|EH Erohof] EX|7F BilEl A2 25 WHA fE

2180l ol Ao Tiek g k4 AALS S5
o efit B Hels] A9 x-Lo) S o] ol B
7} 2R Eo] Yomg, og ;eish ol FR | 1f Fujs A
o 2.7t} o]l Mol A Fig. 33} o] slu o] Tgio] B
Mol T RHE 1,00 BAI7h Batel 9ol thet &5 WA

A gEgtc BatE BAlY B4 FAS oBR ol ahu

XHMFOR d,y PHFOE d, 2 FOE d, ¥ oA He] 9
ok sigeloint. E5 Zol2 BA} B Hre] H4E r|E
o2 F1golA gAIEE A Teisle] sl To 2 BA}
2% Waro 2 —y 9 8% el ARtEeicka Tk sl

o|& 192 &2 e Fig. 33 2t

Fig. 33} 7212 clamped-free 92X o] 11§ Ful ALLS 9
A= 2L WAl f =71 B asich Fig 304 & 4 A%
o] oI ZH ZA= Fig. 29} FUSIER Eqs. (-5)«= 5¥sH &
£ 7Hssich 28y o TR Ede] EXVF RAtE B2 x=L 2|3
o] A z=7A0] GEbxict. watA, Eqgs. (6a, b)7F AHEA 425 0]
oF g}, x=L X F 9] HFAZAL Lot HaE 249 o) 2
A== FH Q| RH Eol Mt o] o R xpAo] RIS HHE
2 A ) Fdsicta 7Pgsict o] § 402 YERH Egs.
(15, 16)3} 7t} (Bhat & Kulkarni 1976, Anderson et al. 1978, Lei
et al. 2021). Egs. (15, 16)°]l Eq. ()5 thsho] -k Helel of
St G AZRAE F- =51 Egs. (17, 18)3} At

3 2
E]a NC 6 y(x,1) M, O y(x,1) 0 (15)
o’ ar ortox
2 3
gD TYeD Ly TVED o (1)
ox = ot'ox or*
< Y(x)+Ma) ')+ Md.o? T g 17)
ax’® dx
2
e ; 0 _j o d’; ) _ v 0¥ (x)=0 (18)
X X

A71M M2 ED EAY FA|, Jze YBR EHE F ‘—-%—O
slo] B 2A9] 23 kel Ty EREolt) Tet Bg
Ao FA FAol SJER ot A2 HE d=[d, d, d] HF
Axlo] QI x, y, z& Wgko 2 Zkzt 9, 0, wol Z+ 3] o] 9
7A¢-oll+= HP= A e (parallel axis theorem) L a}ﬁ‘ﬂ%"ﬁg

[‘Em{ﬂ l-l'U
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Fig. 4. The shape of cluster dither.

G RORORGE 08311 Eq, 19)9} o] TE 249} A2
% 71%0) ¥4 ZHE7} AT Rao 2004). Eq, 19)eflA] /&
Lo 22 249 P BHE 9, d oA Ae W, 1,8 B
9 W™ oujgith. Eq. (9014 ALE B4 ZHES Egs. (17,
18)o] L x=0 A 0] AAZXAL WEsh= Eq, (8)9] W]
A1 Egs. (17, 18)°]] Telated Eq, 8)9] A% o, cioll thald 3]
shwl Eq (20)7} ek Eq, (20 TASHs M4 gelsiu Egs.
(21-23)3} 7k, Fig. 39] O FE 1§ Fapii 21804 AR
Ak uPE I ST W02 Eq, (2000 FPAle] gl Hi AL
2 7313, 0% Eq. ()] thlsted Helshel ool 247 3
25l ojga o) 1§ Fuid Alste] 7Hssic

J=CJ Cl+M(dd"I,,—d"d) (19)

~G,(L)+ mALF(L)+ g °LE(L) F(L)+ p ALE(L)- g, °LG(L) H

=0 (20)
G- wALRD-pALRL) -6D)+p LG (L)- A TE(L)

G
F,(x) =sin(Ax) —sinh(1x) F,(x)=cos(Ax)—cosh(ix) (21)

G (x) =sin(Ax) +sinh(Ax) G,(x)=cos(Ax)+cos(Ax) (22)

M M, o J
Hy AT Hy AL

(23)

U PHOE AA| FE thshA f Fabs Aqto]
7Fesh, AA] SER| 79 x=L 2| 8] A x| oFE
th27] wigell AjEo] frEstoiol Tt QTH o A2

Solld ST 7Hssa 49 e ok T Aejolne B,
(1492) Y(L)=00]eke 7o) ARk weba] YL Azbe of
3 o]} HlE G go] HH2 o] 2712 Egs. (15,16 thglsle]
A7 olg o) BAZAE Mol T Eags. (24, 2509 ek,
Eqs. (24, 25)°] Eq. ()& Tilshel geisha Eq, 263 ek,

3 3
w2 g(f’t) —Md. 6;5;’” -0 (24)
X 1" Ox
2 3
E1° gif’t)uﬂ 5;%’) =0 (25)
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Fig. 5. The total top view of cluster dither.

G+ pALED) FO-uATGW Ta]_ e
G- ALEWL) -G+ u TGO |6

A A oJFRO| 3 FukpE Eq. (26)9] FEPAlo] Yo] Hi
ALE F5}aL o] & Eq. (el tidsied HalstH, gl 2471
F2HE 390 A7) TR 14 Fuk Alqdo] 7Hs51A "ok

1% ot ool e A% B zjol2 B4 A7 23
o, oo SEFAL Y 2RS4 Xk B o

BTAEAGAE 35k 3709 2po|= FAlol A¥nt X5
FAl 171517 3l 1% Mool o2 FARS 7IKIch ©
o] gt o2, 359 2}o] 2 BEAE 1205 7102 AMHA
Fel7t H 28 7] &o] ZZbe] spoke ETtf Al Ak
Hanse (1992)¢] A|QFs13ITt. o8 Aol A1 Hanse (1992)¢] A|Qt
S o A4S 7IHte 2 dd o] gAliEE 2ol 3
71§ 183l 8. Fu4E WSS Ot 4 A 2
THE AAg Y tio] o] /2R Ql PAfS Fig. 49k Atk

9 trle] 37)= 9 Yo E HET BASH A9 9
o] EH = o] 9lof, o] & zsle] A=At Tl Tt 2] spoke
£ 2|2 A4 N7 FRAEEE E PR, &3 Yol
A Zpo| 2 HAE Y5l Ax T 0] Tk AR} 1= Qo
Ato| 2 AR = 714 7hgo] S0l g AMAY HER HAEH
Ak @ doof HAlEE 2fo|2E oA AF3H e} o]
1205 7HE& F11 7] & A2ET & A= on, T tg]
TSR 2 5F-A e 6712 AR 1Y = =2 A ASS]
2 X 30 =& PZT ty] If Fah4of sligshe et
o] £71- 22 A7t=Ex, tule] WES Hssr] 8l PZTE=
o] 9] 5] FAlel 7P Al Bab= Sl ok

AAE T o] Q] AR 552 Fig. 59 At} Fig.
5014 zto] & 2= 3] & AS AR5 Ml} 2te] 2
£ Azsle M22 A= o] 9lom, M3-2 Jo]#] o] 2o|tt.
b AX T = IF FIg Q742421 800 Hz o4& THES
7] 5t 2 F90] JES EO AF FoLE o7 FH &
T8 x4sp] S8, b 1 BoflA sldFA Wake 2 Ho|H
(tapered) X =5 A5}k

Fig. 50| Yepd viel Zro] @l tjo] &= 37119 U T2E0]
5] FHAA A3 A A= Ao 2 FAHEE, Ul9] th
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Fig. 6. The 1-axis top view of cluster dither.

T
§ ot
R L o] 29| A5 RAYLS 4006}3_ Figs.6, 73 2k
Figs. 63} 79] tjt] 2325 Fdto] B2y 42 94 o] 1
F Fu S #sk] fIeiA = Egs. (15-18)0ll4 875+
Alg2] Aito] Basiet ¢4 M, o] tigt £A(m,) 9} T4
EHEQ,)E o1 Egs. (27, 28)3F 2, M, o] gt A
o} THg EHIE F51H Egs. (29, 30)2 2tk M, 2R FeolA
Aol el shfsled, elejehs e AE R Ak Yelol
X}Olit |0} moFo|ut ol Ze]| e W3} RESo| Bz}
o} 1L, Felo|x] Apo] =5 AR ixéé}h =
T FAIE Eq. G ok FE|o]A] Afe|= J&*é
Aol Aol 2§ SUAL Asle] 24 2 2
L z2Hlgko 2 vy, y= Hgko 2 g ZIhE S]Z A
E& Eq. 195 olgsto] FsHH Eq. 32)9F 2tk Egs. (16, 1)<
FASH= A2l M, I, = Figs. 63} 7] TAZ M, M, ¥ M, =&
Z¥zto] RHIE 4l BA|o] sto 2 A a|sHH Eq. (33)7} Zth

-

|

_ Phhh, (27)
al
2
T (hz +2h ] my, (d} +d,) (28)
m, = h(h‘”( —_ j (29)
2 tany
Ty =T I (A ) (30)
My = PpLpWpHy +m, (31)
J.,= 1;3 ((Lz +H2)sm (O)cos’ (l//)+(H2 +Wz)sm (H)sin*(w)

2 2 2 2 2
+(L 41} )cos (19))+ma3 (a2 +d2) (32)

3 3
Jzz:zjzzi M:Zma[ (33)

i=1

i=1

Fig. SoA ©ie) Az ] Ap] 47 Aok 2oz Yehy
® Fig 83} 2} 2ol Lehd vle} Zo] Hle Ax A O
o] 3§ FAp4-5 F71A1717] Slal Ellelmz] WArelw, M The
AL A A Ee] AR Weoln ofgio) g F
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Fig. 7. The 1-axis side view of mounting part & RLG in a cluster dither.

Fig. 8. The top view of dither spoke in a cluster dither.

Table 2. Equations related to dither spoke.

Length of cantilever Thickness Mass
0<x<L, (x)=t; mg=pt;+hL,
t,-t, (t+t,)h(L,-L,)
L,<x<L, 1(x)=t,+ L: Lfl (x-L) |my=t;+ M
Lysx<L, 1(x)=t, my=(pti+2p,1,, )h(L -Ly)
Lysx<L, t(x)=t,+2t, m=(pyli+2p,t,)h(Ls-Ls)

L,sx<L, t(x)=t, my=p,t,h(L,-L,)

+
By

_?_II‘
=
g
Mo %
=
to
O

g A0 GEE) Y T TAEDS
Prlo] 278k o] Bao] A n WA
= Eq. (34)2} o] Al4te] 1s3Itt Eq. (4104 E,
38, 5,5 TS G L P21 T, o 9
I, L L3~L4 F7kellde] ojz
A L3~L4 7700l 0) A 4 e
Ukt Eq, (35)9F et Eqs. (34,

F371 9]

o] o) X‘] o]—

lo fo
iz ofrt
TN
_\9‘ -

N
It
oL
_m
p3

i —Yl
l-

[m w2 ud e oo
o T
N o
10 n
r
ox M
é
m

il
lo,
E
r&"
o
O h
il
|
_|> !
%o =
km r

35)% o]43lod L3~L4 F7toflA ] 571 4 &S F-514 Eq. (36)
3} 2}, whabA] Fig. 89 ﬂ B AR et 7 g0l 3l

2}

o} 22t ol FE o] P B E & 9T H 7T Fig. 83} o]
(et /o] o2 7] wfiell 2R 57t IE Aldshe Hol
QE) o] =EolAe AlvA] 571 HE o] &slo] R A
o] 571 El (flexural rigidity) S AlAtsh= HHH-S AlAgHc) (Rao
2004). o1& JsllAE WA Fig. 8] TR 7hE L7 U £A|
7} 2 3= o] & A 2|5 Table 29} T}, Table 20 4] h= &
H9j Zlo|5 ou|slH, p,, pyi= 242 T E H PZTY U= 5
ERdTt. Table 204 2] <ZE o FA} Zlo] FEE YA
Eq. 37)& o]&sto] 2t H17hE I RHE Alkko] 7155ttt
ol 712 I FE HA|e Wy oz et 2t 7hE W
% olvz 9 go] FYsitte 7 & ol 83le] 571 EIE Alkst
= HHHo R o]F 4o YeRAH Eq. 38)x T} (Rao 2004,
Moon & Hong 2008). Eq. (38)0]] &|FH 17k & 2 oA &
HIEQI Egs. (36, 37)& thdste] A 2]5H Eq. (39)<} 2ol Fig. 8

N
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Table 3. Parameter of Eq. (40).

No. of model Type of cluster dither model Boundary condition

Parameter of Eq. (40)

(EDeq

a b [¢ d e
1 Egs. (6a, b) 0 0 6 -4 1 6623
2 Clamped-free Egs. (6,17, 18) 0 0 100 -54 13 5431
3 Eq. (13) 0 0 3 5 2 4021
4 Clamped-supported Eqs. (6a, 24, 25) 0 0 11 -18 7 3830
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Fig.9. Determinant of Eq. (20).
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Fig. 10. Determinant of Eq. (26).

Table4. Parameter values of designed cluster dither model.

Type of model Parameter of Egs. (27-32, 35, 36) and Table 2
Parameter L h m t t t
Dither spoke > v !
Value 23.5mm 15mm 98g 2mm 03mm 8mm
M Parameter Ton m,, d, d, d, v
! Value 1.548¢-5 14g 9mm 3mm 0 60°
M Parameter ) m,, d,, d, d, v
2 Value 3.362e-5 20g 5mm 10.5mm 0 60°
M Parameter Tus m,, dg dy d, v/0
’ Value 4858e-5 71g 1lmm 2lmm 9mm 60°64°

Table 5. Natural frequency according to cluster dither model.

No.of model Type of cluster dither model Boundary condition Natural frequency from Eq. (11)
1 Egs. (63, b) 1026.6
2 Clamped-free Egs. (6a, 17, 18) 929.6
3 Eq. (13) 927.6
4 Clamped-supported Egs. (6a, 24, 25) 872.2
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Table 6. Natural frequency from moment of inertia of Solidwork RLG model.

No.of model Type of cluster dither model

Boundary condition Natural frequency from Eq. (11)

1 Egs. (63, b) 988.4
2 Clamped-free Eqs. (6a, 17, 18) 895.1
3 Eq. (13) 870.6
4 Clamped-supported Egs. (6a, 24, 25) 849.7

Fig. 12. The design result of cluster dither.
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Fig. 13. Natural frequency test result of manufactured cluster dither.
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