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variables were optimized using an optimization method and validated using a
finite element method analysis. The control results showed a driving range of 1.5
Keywor ds': ' °, a high resolution of 0.005 °, and steady state error is less than 1%. This design
Fas.t Steefmg firror approach, which combined optimization algorithms and high-speed precision
Voice .COII motor _ control, significantly improved the performance of laser-beam alignment
Compliant mechanism systems. The increased alignment precision, and lower error rates were expected
Cartwheel flexure to be extremely beneficial for various applications requiring reliable and accurate
Sensor kinematics optical communication.
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* Dummy mirror : Al6061-T6

Mirror mount : PLA
» Magnet : NdFeB-N35

» Coil : Copper and cnamel
* Flexure : Titanium Grade 5

> System Basce : Al6061-T6

Fig. 1 Exploded view of FSM system
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(a) Schematics of MMVCM
Fig. 2 Schematic of MMVCM

(b) Arc motion of magnet

Table 1 Design parameter of coil and magnet

Symbol Description Value

d, Coil clearance 0.5 mm

t,. Coil assembly thickness 9 mm

w, Coil assembly diameter 21 mm
mount®] ¢ 71 thd A=0] 2 E PLAES ARRSIQLE 15
7 30] A, Aol olEA] MMVCMaEfo]si, 2900]
Baseol| a7gEjo] ol golsith. L5 Al H=S *d°<§7ﬂ°d w4

It BT SRS AAsh A2 & Boll AAst=S A
th. 71| = 31X CFYE|R THEo] Rujg v & &ola 4
ZAo| Akt YAst=2 AASIATE A= Hol& MM
0|3 34 4o Zug A, Fig. 120] EAE 0]k

2.1 787| 44

Fig. 2(a)= Al28l9] 5710l sigdsls MMVCMS] 7igFzo]
th 157 ZYI ApA] 7ho] 2= Sl(lorentz force)oll 29I
FEE, 4% FSM A% SA4 198 FElo) MMVCME
722 OIS £ Q7O S FSME 2 in A7)

S AH83 A% FSM Al2wo]7] wigol, 3zt o] Az

7\}017P A gy, wiigol E Al 2L AFAE Glol Fe
oM o]HZ 7H4717] Slsll MMVCME 1-57|2 ARgsliof git.

MMVCM Fig. 13} ZFo] o] 5AR_l A}Ajo] 7ho]= F1x|ef o
A% mirror mountol] 1A 0] QJoBZ Tilt % A] AFAo] A
£9] Ztzof uhe} 34549 ¥Hgol| who] Fig. 2(b)eh 7ol 3
Zdstm 2RIt A 9] 9733} 2 U7 Atololl= ¢
(air gap)ol 3lo] Atz 3183t o3t ST
9 Ul F-E9] 7hdell wet AlRFEth wiebA BE 7Hdo] dojuA]
%e T8 A=E Ak, g3 wE Fof Halk 17
SfjoF3tt.

ANSYS Maxwelle] 21714 a4 B4l s187jo] e 75
7)9] ZeHslS Helsiolt), SIAZe 0°5E 30, Az of
| Fig. 33} Zth.

45} .
CHE

s A
il
1:H
i=}

o



Journal of the Korean Society of Manufacturing Technology Engineers 33:5 (2024) 221~230

720

700 ¥

lorentz force [mN]
(=]
o)
o

620 -

600

0 0.5 1 1.5 2 2.5 3
angle [deg]

Fig. 3 Force plot according to angular motion
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Fig. 4 Structure of H-CFH
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Fig. 5 Deflection of leaf spring

Table 2 Variable description of H-CFH

Symbol
l Half length of hinge

Description

ly Total length of hinge
Thickness of hinge

width of hinge

t
b
d Angular clearance of hinge
0 Angle between leaf springs
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Fig. 55 H-CFHE F/5t:= & AxZF(leaf spring)o]th.
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Fig. 7 Optimal design of H-CFH

Table 3 Optimal design results and final design parameters

Parameters Optimal design Final design
Length of hinge 5.1247 mm 5.125 mm
Thickness of hinge 0.152 mm 0.15 mm
Width of hinge 1.497 mm 1.5 mm
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(b) Directional deformation
Fig. 8 FEM deflection analysis
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Mirror : Al6061-T6

Magnet : NdFeB-N35
Flexure : Titanium

Coil : Copper

System Base : Al6061-T6
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Laser

(a) Force schematic

(b) Mot-ion schematic

Fig. 13 Schematic diagram of motion
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