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Abstract

In order to get suitable ratio of the intervals between the adjacent
transition regions in the recording medium in the black image area
and white image area, distribution of magnetic force acting on the
toners is analyzed using finite element method and proximate
equations in longitudinal recording magnetography. Distance of
1/22 between the adjoining transition regions in the recording
medium was allocated to form one dot black image, while the
distance of 3/2A between the adjoining transition regions was
allocated to form one dot white image, where A is defined as
regular size of one dot. The toner with the diameter of 10um was
employed. As pixel density of 400 dpi was employed, 1 dot
corresponded to about 60um. Then the distance of 1/2A for a black
dot corresponded to about 30um and the distance of 3/2 for a
white dot corresponded to about 90um. The following results are
found. Toner is attracted strongly to the recording medium at the
transition regions and that toner is attracted to the next toners
each other at the intermediate region between the adjoining
transition regions in the 1/21 area. Then black image is formed
around the 1/22 area. On the contrary toners far from the
transition regions get very weak attractive force. Then white image
is formed around the 3/2A area. However, the toners at the end of
the 3/2 A area get strong force from the recording medium and
become a part of the black image. As a result it is considered that
black image of A and white image of A are formed.

Introduction

It is important in longitudinal recording magnetography to set
appropriately the ratio of the intervals between the adjacent
transition regions in the recording medium, so as to form distinct
black image and white image. For that purpose there should be
definite difference of magnetic forces acting on the toners between
the black image area and white image area. In this paper a certain
model is assumed on the ratio of the intervals between the adjacent
transition regions in the recording medium and the corresponding
arrangement of the toners in the black image area and white image
area. Calculative simulation is carried out using finite element
method and the proximate equations."

Method of Study

A Model for Calculation
Imaging model:

Black 1dot + white 1dot+black 1dot;
Pixel density: 400dpi;

1 dot size: A = 60pm

Toner size: 10pmg
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Distance between adjoining transition regions in the recording
medium: black area 1/2A = 30um, white area 3/2 A= 90um.

Supposition: As seen in Fig. 1, the area where the distance between
adjoining transition regions in the recording medium is 1/2A will
have strong magnetic force and attract 5 toners. It will form 1 dot
black image. After the heat fusing process, the toner image will be
spread by one dot size and the total size of the image will grow as
large as 6 toners. Thus the size of the black image on the paper will
be 60pum = A.

S toners 5 toners

7 toners

1L

White for 6
t
oners N

Black for 6
toners

Black for 6
toners

Paper T

Figure 1. Imaging model of 2 black dots with 1 white dot in between

On the other hand, the area where the distance between adjoining
transition regions is 3/2 A = 90pum will have weak magnetic force
and form white image. It will have room to contain 7 toners at the
developing stage. After the heat fusing process, this room will be
reduced by the adjacent fused toners by 1 portion of toner and form
white image of 60pum = A. As a result each of black image and
white image will be formed with 60pm = A long.

Means of Calculation
Calculation is carried out using the following three means.

1) Calculation using finite element method is carried out with

electromagnetic analyzing software which is available from The
Japan Research Institute, Limited and named “JMAG-Studio”.
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2) Magnetic force acting on a small magnetic particle in the space
above the recording medium is calculated.'

Each magnetic field which emerges from each transition region in
the recording medium is superposed to form the resultant magnetic
field at a point in the space above the recording medium. Then the
magnetic force acting on a magnetic particle at the point is
calculated by the equation (1).

F = yH x dHIdr [N/m’] (1)
Where F: magnetic force acting on the magnetic particle per unit
volume, H: synthesized magnetic field at the point of the magnetic

particle, r: location of the magnetic particle, y: effective
susceptibility of the particle including demagnetization factor.

3) Magnetic force between the adjoining toners at a cross section
of the toner layer is calculated by the equation (2).”

Fs=B12 x (1/ g) x (1-1/u) [NIm’] 2
Where B: magnetic flux density in the toner layer which is

expressed by the equation (3), uy: permeability of vacuum, z:
relative permeability of the toner.

B= (2u uf(u+1)H 7] 3)

The calculations are carried out using the parameters shown at
Table 1.

Table 1: Values of the Parameters Used for Calculation

Recording medium Co-Ni-P
thickness &= 1um
residual magnetization M, = 0.8Wb/m?
coercive force H, = 32kA/m
squareness s=0.7
transition constant a=3.67

Toner magnetically soft
susceptibility y = 1.26x10°H/m
relative permeability Hs =2

Pixel density 400dpi

Results and Discussion

Distribution of the Magnetic Force Acting on the
Toner

Figure 2 shows the contour of the magnetic force acting on the
toners calculated using the finite element method. It is shown that
strong magnetic force acts on the toners located at the 2 black
image areas and that weak magnetic force acts on the toners
located at the white image areas which exist between the 2 black
areas and outside of each black image areas.

Figure 3 shows an enlarged figure of the circled black image areas
of Fig. 2. As shown in the circle indicated by “A” in Fig. 3, strong
magnetic force acts on the part of the toners near the transition
regions of the recording medium. In addition, strong magnetic
force also acts on the part of the toners at the boundary surface

between the adjoining toners which are located at the intermediate
position between the adjoining transition regions as shown in the
circle indicated by “B”. Weak magnetic force acts on the other
parts of the toners than the parts indicated “A” or “B”.

Figure 4 shows distribution of the magnetic force acting on a small
magnetic particle using the equation (1). It shows distribution at
the center of the first toner layer, that is Z = 5um. It is shown that
strong magnetic force acts on a toner near the transition regions of
the recording medium, that is X = 0, 30, 120 or 150 um, and that
weak magnetic force acts on a toner near the intermediate position
between the adjoining transition regions. The magnetic force is
also weak at the white image area.

Recordina medium
Figure 3. Enlarged contour the magnetic force at the region of black image
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Figure 4. Distribution of the magnetic force acting on a small magnetic particle
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Figure 5 shows distribution of the magnetic force at the cross
section of the toner layer. It shows distribution at the center of the
first toner layer, that is Z = Sum. It is shown that strong magnetic
force acts on the toners located at the black image areas and that
weak magnetic force acts on the toners located at the white image
areas between the black image areas.
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Figure 5. Distribution of the magnetic force at the cross section of the toner
layer

Z Direction Component of the Magnetic Force
Acting on the Toner

Figure 6 shows the contour of Z direction component of the
magnetic force acting on the toners calculated using the finite
element method. It is shown that strong magnetic force acts on
only the part of the toners near the transition regions of the
recording medium which are indicated by circles. The toners
numbered 30, 31, 33 and 34 are attracted strongly to the recording
medium, while the toners numbered 29, 32, 35 and the others are
attracted weakly to the recording medium.
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Figure 6. Contour of z-direction component of the magnetic force
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Figure 7 shows distribution of Z direction component of the
magnetic force acting on a small magnetic particle using the
equation (1). It shows distribution at the part of the first toner layer
near the recording medium, that is Z = lum. It is shown that
strong magnetic force acts on the part of the toners near the
transition regions of the recording medium, that is toner numbered
30, 31, 33 and 34, and that weak magnetic force acts on a toner
near the intermediate position between the adjoining transition
regions, that is toner numbered 32. The magnetic force is also
weak at the white image area (~29, 35~).

Figure 8 shows distribution of Z direction component of the
magnetic force acting on the cross section of the toner layer. It is
similar to what is shown in Fig. 7.
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Figure 7. Distribution of z-direction component of the magnetic force acting on
a small magnetic particle
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Figure 8. Distribution of z-direction component of the magnetic force at the
cross section of the toner layer

X Direction Component of the Magnetic Force
Acting on the Toner

Figure 9 shows the contour of X direction component of the
magnetic force acting on the toners calculated using the finite
element method. It is shown that strong magnetic force also acts on
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the part of the toners of at the boundary surface between the
adjoining toners which are located at the intermediate position
between the adjoining transition regions, namely toners numbered
31-32 and 32-33. Since the direction of the force is inversed at the
respective side of the boundary between the adjoining toners, it is
absorbing force. It means that the toner numbered 32 attracts next
toners numbered 31 and 33 each other. In addition, strong
magnetic force is seen also on the part of the toners near the
transition regions of the recording medium.

Toner
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Figure 9. Contour of x-direction component of the magnetic force

Figure 10 shows distribution of X direction component of the
magnetic force acting on a small magnetic particle using the
equation (1). It is shown that relatively strong magnetic force acts
on a toner near the transition regions of the recording medium,
namely toner numbered 30, 31, 33 or 34. The magnetic force is
directed to the center of the transition regions of the recording
medium. X direction component of the magnetic force is weak at
the other part.
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Figure 10. Distribution of x-direction component of the magnetic force acting
on a small magnetic particle
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Figure 11 shows distribution of X direction component of the
magnetic force acting on the cross section of the toner layer
calculated by the equation (2). It is shown that strong magnetic
force acts on the toners located inside of the transition regions of
the recording medium, namely toners numbered 31, 32 and 33. X
direction component of the magnetic force is weak at the other
part.
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Figure 11. Distribution of x-direction component of the magnetic force at the
cross section of the toner layer

Discussion

Taking the above results together into consideration, the following
things are found. Toners are attracted strongly to the recording
medium near the transition regions of the recording medium, as
shown in the toner numbered 30, 31, 33 or 34. The toner located at
the intermediate region between the transition regions of the
recording medium, which is included in the black image area,
numbered 32, is weakly attracted to the recording medium but
strongly attracted to the next toners, numbered 32 or 33, at the
boundary surface. Therefore toner-bridge is formed between the
adjoining transition regions of the recording medium by the toners
numbered 31, 32 and 33. As a result it is considered that 5 toners
which get strong magnetic force, numbered 30 to 34, form 1 dot
black image, while the other toners which get weak magnetic force
can be removed easily to form white image. Accordingly the
supposed model shown in Fig.1 is reasonable.

Conclusions

In order to get suitable ratio of the intervals between the adjacent
transition regions in the recording medium in the black image area
and white image area, distribution of magnetic force acting on the
toners is analyzed using finite element method and proximate
equations. In the proposed model the distance of 1/2A between the
adjoining transition regions of the recording medium is allocated to
1 dot black image area, while the distance of 3/2A between the
adjoining transition regions of the recording medium is allocated to
1 dot white image area. It is found that the proposed ratio is proper
to realize 1:1 black image and white image. In this study it was
calculated in the case of 400dpi. Another model of another pixel
density, especially with higher density, will be studied after this.

215t International Conference on Digital Printing Technologies Final Program and Proceedings 605



References

1.

N. Kokaji, Analysis of the magnetic force acting on a magnetic toner in
magnetography with longitudinal recording, Proc. NIP-14, IS&T, pg.
349. (1998).

N. Kokaji, Analysis of the magnetic force acting on the magnetic toners
from the adjoining magnetic transition regions in magnetography, Proc.
NIP-15, IS&T, pg. 517. (1999).

606

Author Biography

Norio Kokaji received the B.E. and Ph.D. degrees from Tohoku University,
Japan in 1965 and 1991, respectively. He joined Hitachi Koki Co., Ltd. and
Iwatsu Electric Co., Ltd., in 1965 and 1969, respectively. Since 1997 he has
been a professor of Meisei University. His work has primarily focused on
R&D of digital printing technology, especially magnetography. His works
include almost the whole areas of magnetography using longitudinal
recording. His recent interest is also in R&D of magnetic display.

Society for Imaging Science and Technology



	33264
	33265
	33266
	33267
	33268
	33269
	33270
	33271
	33272
	33273
	33274
	33275
	33276
	33277
	33278
	33279
	33280
	33281
	33282
	33283
	33284
	33285
	33286
	33287
	33288
	33289
	33290
	33291
	33292
	33293
	33294
	33295
	33296
	33297
	33298
	33299
	33300
	33301
	33302
	33303
	33304
	33305
	33306
	33307
	33308
	33309
	33310
	33311
	33312
	33313
	33314
	33315
	33316
	33317
	33318
	33319
	33320
	33321
	33322
	33323
	33324
	33325
	33326
	33327
	33328
	33329
	33330
	33331
	33332
	33333
	33334
	33335
	33336
	33337
	33338
	33339
	33340
	33341
	33342
	33343
	33344
	33345
	33346
	33347
	33348
	33349
	33350
	33351
	33352
	33353
	33354
	33355
	33356
	33357
	33358
	33359
	33360
	33361
	33362
	33363
	33364
	33365
	33366
	33367
	33368
	33369
	33370
	33371
	33372
	33373
	33374
	33375
	33376
	33377
	33378
	33379
	33380
	33381
	33382
	33383
	33384
	33385
	33386
	33387
	33388
	33389
	33390
	33391
	33392
	33393
	33394
	33395
	33396
	33397
	33398
	33399
	33400
	33401
	33402
	33403
	33404
	33405
	33406
	33407
	33408
	33409
	33410
	33411
	33412
	33413
	33414
	33415
	33416
	33417
	33418
	33419
	33420
	33421
	33422
	33423
	33424
	33425
	33426
	33427
	33428
	33429
	33430
	33431
	33432
	33433
	33434
	33435
	33436
	33437
	33438
	33439
	33440
	33441



