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and Application to Imaging Technology
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Fig. 1-3  Photograph of hollow defects in line image of electrophotography.
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in two-dimensional Cartesian coordinate.
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1 MV/m

Table 2-1 Particle properties and conditions for estimation of applied forces.

Force Parameter Value
- Volume density of particle 3000 kg/m’
Surface charge density 48.0 uC/m*
Electrostatic force, fe
Electric field intensity, E, 1.0 MV/m
Magnetic permeability, u 4.0
Magnetic force, fr, Magnetic flux density, B’ 99.3 mT

Gradient of magnetic flux density, 0B/0x | 6.69 T/m

Lifshitz-van der Waals constant, h 0.25aJ
Van der Waals force, f,
Separation, z 2 nm
Gravitational force, fg Gravity acceleration, g 9.80665 m/s”
Liquid bridge force, fi Liquid bridge force, fi 3nN
Viscous coefficient of air, 77, 18.2 uNs
Air drag, f,
Relative velocity, U 1 m/s
2-7
3 2 van der Waals
1
10 pm
van der Waals 1 2
um 10 pm
van der Waals van der Waals
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3-1 van der Waals

Table 3-1 Models of applied forces to toner particles for DEM calculation.

van der Waals

van der Waals

Force

Models and parameters

Van der Waals force!'"”

h oo [ 5]
1+—
87z’ 1+, z

h: Lifshitz-van der Waals constant
Z  separation

Induced image force!!””

S ¢-1(4¢ ?
4re, €+1 (Ej
S constant
& dielectric constant of free space

&: relative dielectric constant
O: charge of toner particle

NP f
Liquid bridge force®” 'a
fig constant
671,V
. 104 : . -
Air drag"® 2. viscous coefficient of air

v. relative velocity

33
331
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Lifshitz-van der Waals
Diiodomethane CH,I, (10)
0.  Lifshitz-van der Waals h 47
h=872zc, (1+cosé,) (47)
o 50.8 mJ/m’ z 0.16nm
o h
b.
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Table 3-2 Measured contact angle of CH,I, and Lifshitz-van der Waals constant.

Material & (degree) h (aJ)
a. Photoreceptor 20.16 0.386
b. Toner particle 56.24 0.249
c¢. PI (polyimide) with carbon 52.00 0.268
d. PTFE (polytetra fluoroethylen) 67.96 0.194
e. PFA (perfluoroalkoxy) 84.32 0.124
f. PET (polyethylene terephthalate) 34.72 0.341
g. Plane paper 51.40 0.271
34
341
3-8
100 pm 10 pm
342
3.5 um 1200 kg/m’ -0.02 C/kg
2.0 3-2c¢ 10 %
3
3-3
3-4
42 mm 160 mm/s 2.5 mm/s 2 ns
5 pm
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Table 3-3  Properties of materials assumed in compression simulation.

P Toner- Toner- Toner-
arameter toner photoreceptor transfer material
D ((GPa)™") 0.569 0.648 0.436
d (nm) 20.0 9.3
ki (N/m) 564.0 892.0 1380.0
Ms 0.2 0.2
h (aJ) 0.25 0.31 0.26
£ 3.0 8.0
10.0 1.0
Table 3-4 Constants for estimation of applied forces.
Z(nm) 0.6
fi (nN) 3.0
17a (UPa s) 0.1824
g (m/s’) 9.8067
343
a. 3-13
éh p
a b
d
e f
3-13 3-14
2 2
2
3-15 2
3-14 3-15
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Fig. 3-16 Distribution of attractive force of toner particles in compressed toner layer.
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Table 3-5 Parameters of development and transfer simulation.
Air gap in development process (mm) 0.1
Photoreceptor surface potential in image area (V) -200
Photoreceptor surface potential in background area (V) -650
Development bias (V) -400
Transfer bias (V) 1000
352
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b d e
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b d
10 kPa
e f
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Fig. 3-17 Calculated profile of compressed then transferred toner layer.
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Fig. 3-18 Calculated profile of compressed and transferred toner layer with different properties.
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Fig. 3-19  Pressure distribution in compressed toner layer detected by pressure sensitive paper.
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Fig. 3-20 Top views of compressed toner layers on different plates.
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Fig. 3-21 Toner particle dispersions in pre-transfer area.

-58-



362

4
32 b
2
2 3 4
3-22
3-23
R e 16 pm
176 um -t
Nelalalatug sy eie iy ity Mg
(a) Developed profile (b) After Ist transfer

i e A SRR,

: o
e aTarar e ay T LY

(c) Before 2nd transfer (d) After 2nd transfer

(g) Before 4th transfer

Fig. 3-22  Profiles of multi-transferred toner layer.
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Fig. 4-1 Magnetic brush development system in a laser printer.
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Fig. 4-2 Chains of magnetic particles in magnetic field.
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(@ 30 mm inner diameter, @ 45 mm outer diameter,
33.5 mm length, 55 turns, 8 layers)
Fig. 4-3 Experimental set-up for measurement of chain characteristics.
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Fig. 4-4 Photograph of experimental set-up for measurement of chain characteristics.
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Fig. 4-5 Schematic drawing of solenoid coil. (cross-section)
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Fig. 4-6 Photograph of solenoid coil.
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Fig. 4-7 Distribution of magnetic flux density created by solenoid coil.
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Fig. 4-8 Distribution of axial magnetic flux density at the center of solenoid coil.
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4-1 18 107 um
5 3500 3620 kg/m’ 3550 kg/m’ 4.18
4.70 4.34 4-9
Table 4-1 Properties of magnetic particles.
ACM-318 | ACM-235 | ACM-255 | ACM-288 | ACM-2107
Average diameter [um] 18.3 35.2 553 88.1 107.3
Volume density [kg/m3] 3550 3500 3520 3620 3500
Coercive force [kA/m] 2.9 6.2 6.1 4.8 5.5
Remanent magnetization [Am?/kg] 2.6 5.8 5.8 4.9 5.6
Saturation magnetization [Am’/kg] 59.1 57.9 57.1 59.7 60.4
Relative permeability [-] 4.18 4.32 4.35 4.70 4.56
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(c) ACM-2107 (107.3 um diameter)

Fig. 4-9 Photograph of magnetic particles.
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Fig. 4-10 Photograph of experimental set-up for inclined chain measurement.
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(a) Coil current 1 A, surface loading 0.127 kg/m’
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(b) Coil current 3 A, surface loading 0.127 kg/m”

(c) Coil current 3 A, surface loading 0.255 kg/m’

Fig. 4-11 Observed chain profile in magnetic field. (averaged diameter 88 pm)
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Fig. 4-12 Measured chain length at various coil current.
(averaged diameter 55 um, surface loading 0.382 kg/m?)
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Fig. 4-13 Relation between chain length and surface loading of particles.

(averaged diameter 88 um)
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Fig. 4-15 Relation between angle of chain and magnetic field in inclined magnetic field.

(averaged diameter 35 um, surface loading 0.637 kg/m’, coil current 2 A)
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Fig. 4-16 Inclination ratio of chain in inclined magnetic field depending on coil current.

(surface loading 0.637 kg/m®)
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Fig. 4-17 Collapse angle of chain in inclined magnetic field depending on coil current.
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Fig. 4-18 Initial arrangement of particles for two-dimensional simulation of chain formation.
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Fig. 4-19 Transient motion of particles in two-dimensional simulation.

(averaged diameter 88 um, surface loading 0.637 kg/m?, step coil current 3 A)
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Fig. 4-20 Transient motion of particles in random arrangement case.

(averaged diameter 88 um, surface loading 0.637 kg/m?, step coil current 3 A)
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Fig. 4-21 Time variation of average potential energy during transient motion of particles.
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Fig. 4-22 Comparison of chain length obtained by two-dimensional simulation

with the experimental results. (averaged diameter 88 pm)

-82-



46
461

34

Fig. 4-23

432 ¢

4-23 2.5 mm

3125 0.64 kg/m’

Initial arrangement of particles for three-dimensional simulation of chain formation.

-83.-



462

a 4-23
3A 4-24
424 0
20 ms
4-24 20 40 ms 40 ms
4-2 4-11
4-24

REDLAKE IMAGING Motion meter MODEL 1140-0003-1000
4-24 4-25 4-26

424 426
427

40 ms 4-27

-84 -



Fig. 4-24 Transient motion of particles in three-dimensional simulation.

(averaged diameter 88 pum, surface loading 0.64 kg/m?, step coil current 3 A)
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Experimental Numerical

Fig. 4-25 Comparison of transient particle motion in three-dimensional simulation

with experimental observations (0-20 ms).
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Experimental Numerical

Fig. 4-26 Comparison of transient particle motion in three-dimensional simulation

with experimental observations (26-50 ms).
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Fig. 4-27 Time variation of potential energy during transient chain formation

in three-dimensional simulation.

S — 1 ' T T T ' '
L Exp. Cal -
g "% 0.637kg/m’
= —8— --o--- 0.382 kg/m”
§ - —e— --0--- 0.127 kg/m® T
= 3
B0
q L -
=
o 2
RS
‘Q - -
O
1
O 1
0 6

Coil current [A]

Fig. 4-28 Comparison of chain length obtained by three-dimensional simulation

with the experimental results. (averaged diameter 88 pm)

4-28

- 88 -



0.637 kg/m’

4-24 4-26 50 ms
4-29 429 a 0.637 kg/m’
2A
0° X-y X
6y 40° 60° 100 ms b c
I mm a
429 b X
c 04

(a) 8 g=0deg (b) 8 g=40deg (c) 8 g=060deg

Fig. 4-29 Calculated results of inclined chain in inclined gravitational field.
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Fig. 4-31 Comparison of calculated collapse angle with experimental.
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Fig. 4-32 Schematic diagram of straight and inclined chain.
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Fig. 4-33 Theoretically estimated relations between potential energy and chain length.
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Fig. 4-34 Comparison of theoretically estimated chain length with experimental results.
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Fig. 4-35 Effect of chain length on the relation between potential energy and chain angle.
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Fig. 4-36  Effect of magnetic flux angle on the relation between potential energy and chain angle.
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Fig. 5-1 Experimental set-up of sinusoidal excitation.
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Fig. 5-2 Photograph of experimental set-up of sinusoidal excitation.
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Fig. 5-4 Photograph of experimental set-up of impulse excitation.
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Fig. 5-17 Effect of magnetic field on time variation of horizontal displacement.
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Fig. 5-26  Experimental set-up for load-displacement characteristics measurement of chain.
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Fig. 6-3 Photograph of experimental set-up of electric pull-off.
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Fig. 6-4 Detailed configuration of electric pull-off experiment.
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Fig. 6-5 Photograph of solenoid coil on stage for electric pull-off.
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Fig. 6-6 Photograph of chain before and after pull-off.
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Fig. 6-7 Types of pull-off under electric field.
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Fig. 6-11 Condenser model of particle and electrode.
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