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3.3

Table 3.1 Parameters of the Numerical Simulation

Parameters Values
Blade Length : L, [mm] 11.5
Free Length : L, [mm] 7.5
Blade Thickness : T, [mm] 2.0
Initial Setting Angle : [ <] 27.0
Young’s Modulus of Blade [MPa] 5.88
Density [kg/mm®] 1.5%<10°°
Poisson Ratio 0.495

Number of Elements 264
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Fig.3.9 Deformation of the Blade with Interference=1.2mm

Table 3.2 Results of Eigenvalue Analysis of the Deformed Blade

Natural
Factor of Eigenvector Contribution to Reaction Force
Mode Frequency
G (i=1---6) kg '*] a,;(i=1,---6) [Nm'kg'?]
[Hz]
1 1104.6 -20.0 -91971.7
2 1978.8 324.3 -116596.3
3 2836.9 4.6 -459826.8
4 4430.5 95.9 -542963.1
5 4687.5 -182.4 -221179.2
6 6040.2 278.5 256524.0
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4.5

Table 4.1 Results of Nonlinear Analysis with Design

Parameters of the Actual Machine

Parameters Values
Steady-state Amplitude: xexp [NM] 67.6
Growth Rate of Amplitude: Aur 65.9
Frequency: Aui [HZ] 4588
Friction Coefficient: u 0.46
Complex Amplitude Ratio: R 0.51
Coefficient of Nonlinear Term: ¢ 3.3>x<1012
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5.2

5.1

(5.1) (5.2) (5.3)
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5.2

Support Plate

Thickness
T,

Initial Setting
Angle 0

Free Length

Young’s
Modulus E

Working
Angle o,

\ P A
Photoreceptor -~ Y

' Interference d

Pressure Force Py

Fig.5.1 Design Parameters of Blade

Table 5.1 Common Values of Design Parameters for Blade

Parameters Common Values  Original Setting
Young’s Modulus [MPa] 4.5-10.0 5.9
Free Length [mm] 5.0-12.0 11.5
Thickness [mm] 1.0-2.0 2.0
Initial Setting Angle [ <] 20.0-30.0 27.0
Working Angle [ <] 5.0-15.0 12.2
Interference [mm] 0.7-1.5 1.2
Pressure Force [N/m] 5.0-35.0 46.6




5.2.2

Casel

Table5.2 Value of Modification Case

Thickness: 7p [mm]

Free Length: Lf[mm)]

Original 2.0
Case 1 1.6
Case 2 2.2
Case 3 2.0

7.5
7.5
7.5
6.4
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5.3

5.3
5.3.1
4
Y7 o
4
3 3.3.3
5.3
4 4.5
4 4.4
5.4

4.1
(4.48)

5.2
ANSYS
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5.3

Table5.3 Results of Eigenvalue Analysis of Modified Blades

Natural ¢ a,
Frequency (i=4,5) (i=4,5)
[Hz] [keg "] [Nm'kg'?]
4th
Mode 4498.0 77.7 -6.6><105
Casel
5th
Mode 5289.8 -152.9 -2.3x<10°%
4th
Mode 4333.5 147.0 -3.0x<105
Case?
5th
Mode 4511.3 -109.8 -2.6>x105°
4th
Mode 4857.6 41.1 -2.2>x105
Case3
5th
Mode 5278.9 -176.1 -5.8x<1053

Table5.4 Calculation Results of Nonlinear Analysis of

Modification Case

Natural Frequency of

Steady- State Amplitude

Unstable Mode

[nm]

[Hz]
Case 1 4976 16.0
Case 2 4419 41.4
Case 3 4944 14.7
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5.3

5.3.2

5.5

5.6

Imm

5.4

5.8

5.2
5.3

2.2kV

42

5.2

5.4

LV-1100

5.7
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5.3

(a) Original 7,=2.0mm L,=7.5mm

(b) Casel T,=1.6mm L,=7.5mm

Fig.5.2 Detail of Modified Blade Edge
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5.3

(c)Case2 T,=2.2mm L~=7.5mm

(d) Case3 7,=2.0mm L~=6.4mm

Fig.5.2 Detail of Modified Blade Edge
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5.3

Cleaning Blade Assembly

Drive Motor

Photoreceptor

Speed Controller

Laser Doppler Vibrometer Probe

Thermo Controller

Heater

Fig.5.3 Experimental Apparatus for Verification of Modified Blades
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5.3

Linear Stage

Stroke Length :13mm

Laser Doppler

Vibrometer Probe

Linear Stage

Stroke Length :25mm

104mm
70mm

58mm

A
\4

350mm

Fig.5.4 Dimension of Experimental Apparatus
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5.3

RV

Fixatron Points

Fig.5.5 Fixation Point of Cleaning Blade Assembly in Actual Machine

159mm

e | e 14mm
Support Steel Plate

A
\4

318mm

Fig.5.6 Measurement Point of Vibration




5.3

100
75 | 4588Hz
50 ¢ 67.6nm
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2000 3000 4000 5000 6000 7000 8000 9000
Frequency [Hz]

Amplitude [nm]
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(a) Original 7,=2.0mm L,=7.5mm

'_|100

E 75 |

g 50 |- 4900Hz

2 25 13.2nm

E o -

< 2000 3000 4000 5000 6000 7000 8000 9000

Frequency [Hz]

(b) Casel T,=1.6mm L~=7.5mm

100
£ i
g 4563Hz
g X 25.4
4Anm
2 25|
E— 0 | |
< 2000 3000 4000 5000 6000 7000 8000 9000

Frequency [Hz]

(c) Case2 T,=2.2mm L~=7.5mm

A

2000 3000 4000 5000 6000 7000 8000 9000
Frequency [Hz]

o

100
E 75 |
2 50 4838Hz
2 25 11.7nm
o
E
<

(d) Case3 7,=2.0mm L~=6.4mm
Fig.5.7 Steady-State Amplitude and Frequency in each Case
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5.3

O Experiment O Calculation

Original |

Case?

Sy —

0 50 100
Amplitude [nm]

Fig.5.8 Comparison between Calculation and Experiment

about Steady-state Amplitude in each Case
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5.4
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5.4

5.4.2
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(a)42—a)52) +447Y 45754 <O (3.12)
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5.4

5.4.3

/11“‘

2 2
x, = 22\ D7) G (2 14 o)
y 36
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a= |R|¢4”cosLR +¢s, b= |R|¢4ﬂsin4R o =tan” (b / a)
6 Iz Aur

(4.49)
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5.4

5.4.4
1) I.4mm
2) 1.4mm
3)
1)
3)

2)
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5.4

Thickness [mm]

Table5.5 Range of Modification Value

Minimum Maximum Increment
Free Length 6.0 7.5 0.25
[mm]
Thickness 1.0 24 0.2
[mm]

2.4 80
2.2 70
" 60

2.0
150

1.8
40

1.6
C 130

1.4
20
1.2 o

6.00  6.25 6.50  6.75 7.00  7.25 7.50

Free Length [mm]

Fig.5.9 Distribution of Steady-State Amplitude to Free Length and
Thickness

[wu] epmyrjdury 91e1S-Apeals
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54
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Fig.5.10 Comparison between Difference of Natural Frequencies and

1.2 1.4
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Region
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Coupled Term in each Case
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5.4

Free Length = 6.25mm

7500
_ 7000 4
= 6500 1
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% 6000 - * 4th Mode
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& 5500 o . . } = 5th Mode
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5000 |-
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4500
4000
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Fig.5.1 Behavior of Natural Frequencies to Thickness
5 95



5.4

Ratio to Original Case

1.2

1.0

0.8

0.6

0.4

0.2

0.0

Original Casel Case2 Case3

Fig.5.12 Comparison of Ratio to Original Case
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5.4
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b 20000
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Fig.5.12 Comparison between Steady-State Amplitude and Square Sum of

Eigenfunction




5.4
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Fig.5.13 Relationship between Square Sum of Eigenfunction and Thickness
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