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Finite Element Analysis of Unbalance Response of a High Speed Flexible Polygon
Mirror Scanner Motor Considering the Flexibility of Supporting Structure
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ABSTRACT

This paper presents a method to analyze the unbalance response of a high speed polygon mirror scanner motor supported by
sintered bearing and flexible supporting structures by using the finite element method and the mode superposition method. The
appropriate finite element equations for polygon mirror are described by rotating annular sector element using Kirchhoff plate
theory and von Karman non-linear strain, and its rigid body motion is also considered. The rotating components except for the
polygon mirror are modeled by Timoshenko beam element including the gyroscopic effect. The flexible supporting structures
are modeled by using a 4-node tetrahedron element and 4-node shell element with rotational degrees of freedom. Finite element
equations of each component of the polygon mirror scanner motor and the flexible supporting structures are consistently
derived by satisfying the geometric compatibility in the internal boundary between each component. The rigid link constraints
are also imposed at the interface area between sleeve and sintered bearing to describe the physical motion at this interface. A
global matrix equation obtained by assembling the finite element equations of each substructure is transformed to a state-space
matrix-vector equation, and both damped natural frequencies and modal damping ratios are calculated by solving the associated
eigenvalue problem by using the restarted Arnoldi iteration method. Unbalance responses in time and frequency domain are
performed by superposing the eigenvalues and eigenvectors from the free vibration analysis. The validity of the proposed
method is verified by comparing the simulated unbalance response with the experimental results. This research also shows that
the flexibility of supporting structures plays an important role in determining the unbalance response of the polygon mirror

scanner motor.
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Fig. 4 Finite element model of a polygon mirror
scanner motor

Table 1 Element number and element type of each

component of a polygon mirror scanner motor
Element
Component number Element type
Polygon 27 Annular sector
mirror element
Rotating Shaft 13
part Clamp and 5 Rotating Timoshenko
PM beam element
Hub 14
PCB plate 707 Shell element
Stati Sleeve 1292
tationary
Stat 1566
part 2 ?r Tetrahedron element
Housing 2506
Condenser 982
Bearing imte'red 1 Stiffness and damping
earing element
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Table 2 The vibration of modes of a polygon mirror
scanner motor at 0 rpm

Mode shape
Mode number
PCB plate Polygon mirror
Mode 1 Bending Rocking along Y axis (+)
Mode 2 X axis (1,0) Rocking along X axis (+)
Mode 3 Y axis (1,0) Rocking along Y axis (+)
Mode 4 X axis (1,0) Rocking along X axis (-)
Mode 5 X axis (1,0) Rocking along X axis (-)
Mode 6 Y axis (1,0) Rocking along Y axis (-)
Mode 7 X axis (1,0) No motion
Mode 8 (2,0) No motion
Mode 9 (2,0) No motion
The phase of the polygon mirror is explained with respect to the
motion of the PCB plate.
In-phase and out-of-phase motion are denoted as + and —
respectively.

The major axis and the minor axis of the PCB plate are denoted
as X axis and Y axis.

The Difference between mode 4 and mode 5 is due to the phase
of the condenser.



(a) The numerical result of mode 1

/
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(b) The experimental result of mode 1

Fig. 5 Comparison between the numerical and the
experimental result of modeshape of mode 1
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Table 3 Comparison between the numerical and the
experimental results of the damped natural
frequencies( f; ) for a polygon mirror

scanner motor at 0 rpm

Mode Simulation Experiment
b Error [%]
number Ja [Hz] Ja [Hz]
Mode 1 596 576 3.46
Mode 2 829 791 4.75
Mode 3 890 855 4.05
Mode 4 1450 1477 -1.86
Mode 5 1728 1660 4.12
Mode 6 1947 1840 5.84
Mode 7 2384 2427 -1.79
Mode 8 2593 2617 -0.92
Mode 9 2715 2710 0.17
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Fig. 6 Numerical results of the natural frequencies
from 14,000 rpm to 34,000 rpm

A%%7h 32,000rpm 2 W FAALS U0
Fool slent Felw e A nelel A
F A %

TE<£%9l 30,000rpm oA e =3k =S
7F Al Sl
32 E3g aa s 2 Al

3.1 Al siae AfFEFe} aE
T Azk 11 7H4 IFAEFS} 1A HEHE
2.2 AollA Mg e S| o3 EHY &
9 AR AEste] IHdEE 22,000~

34,000rpm oA &3
& 39 o %Jﬂtﬂ A2 g, A
oA FHE FAE A}%E}JD}
Az 11 7 +~°
@UE o ﬂlfﬂ ?%W" As3t7] g8k, =
2=



—_
8]

—_

o
o0

Axial RRO [um]
o o
o

N
)

1 2 4 8 16 32
Mode number
Fig. 7 Unbalance responses due to the increase of
mode number

0.8

0.6 R

0.4

0.2

0t

Axial RRO [um]

02+

-0.4

-0.6 + 4

-0.8

0 0.004 0.008 0.012 0.016 0.020
Time [sec]

(a) Measured axial RRO at 30,000 rpm

0.8

0.6

04 |

0.2 |

0

Axial RRO [um]

-0.2

04 |

-0.6 |

20.8 ‘ s s s s s s
0.180 0.184 0.188 0.192 0.196 0.200

Time [sec]

(b) Simulated axial RRO at 30,000 rpm

Fig. 8 Comparison between the numerical and the
experimental results of axial RRO at
30,000rpm
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