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Abstract good estimation of temperature filed in the nip region and
final fuse quality, as measurement of the temperature is
Computational treatment of the effects of air existing indifficult due to small dimensions of the nip region.
a nip region is studied for accurate temperature estimation The authors have proposed a methfar evaluating a
during toner fusing process in electrophotographic printergnagnitude of the thermal resistance of the existing air and
Thermal resistance of the existing air in paper surfaceeducing it to a uniform air layer thermally equivalent to the
roughness and between toner particles is evaluated asét, an adequate setting position of the air layer in a
thermally equivalent air layer with uniform thickness is computational region has however remained to be discussed.
introduced based on the amount of the air. Four models are In this study, several layer-setting models for numerical
proposed to discuss an adequate setting position of the aistimation will be proposed and adequate models discussed
layer in a computational region. Toner surface temperaturdsy comparing the estimated results with the measured ones.
estimated by the models are compared with measured ongswill be further discussed the effects of toner particle size
during fusing process. It is clarified that the estimatedbn color print quality in high-speed printing.
temperature shows a good agreement with the measured
ones with the following two models: 1) The air layer based Thermal Resistance of Existing Air in Nip
on paper surface roughness is positioned at toner-roller
interface and that based on the toner particles arrangement is A certain amount of air exists in the nip region as
in the midst of toner layer. 2) The air layer based on papdlustrated in Fig.1, which strongly affects the temperature
surface roughness is the same position with model 1) arfeeld during the toner fusing process due to its much smaller
the toner is treated as a porous uniformly including air. Théhermal conductivity than those of toner material, paper and
above two models are applied to another two kinds of prirfiuser members. Since the amount of air depends on toner
media with different surface roughness, offering gooddimension, layer arrangement of toner particles and surface
estimations. The results confirm the usefulness of theoughness of the paper, a precise estimation of those has
treatment of existing air for temperature estimation durindeen carried out based on their geometrical configurations
fusing process. Effects of toner particle sizes for coloin the previous repoft
printing on the temperature field are also discussed with the By modeling the toner arrangement deposited on the
estimating calculation. It is expected that the smaller size gfaper as a two-storied hexagonal closed packed lattice,
toner particles offers an improvement of fuse quality forthermally equivalent thickness of air layer was evaluated.
high-speed color printing with lower energy consumption. For toner particles with the mean sizk,of 7.6 um, the
. thickness and void fraction of the toner layéf, and &,
Introduction were 13.8pm and 0.334, respectivelyBased on the

Higher-speed printing has been required to electro|_oropert|es, the thickness of thermally equivalent air lager,

photographic printers with higher print quality and Iowerand that of pulk tonen, were determined as 46n and 9.2
energy consumption. The print quality is determined duringbjm’ respectively.

the fusing process and strongly affected by thermal and Air Envelope curve
pressure conditions in the nip region between heat and
pressure rollers. One of the measures to the requirement
concerning with the high-speed printing is supplying a (Y
larger heat flux to the toner fusing region, while excessive

Heat roller surface

heat supply however shorten a fuser lifetime. e e S ST E TR

A method for optimizing fuser parameters is thus

necessary to overcome the conflict, method which offers a . . o . .
Figure 1. Schematic of air existing in the nip region
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The same treatment is also carried out for determiningnterface. Model 2 arranges the air in paper surface
thermal resistance of air existing in paper surface roughnesaughness at the toner-roller interface with considering the
Geometrical properties of surface roughness are measursthte illustrated in Fig.1 and that between toner particles in
by using a contact profile meter on a paper for color printhe midst of toner layer. In Model 3, the air layer based on
(paper A, 10Qum in thickness) with isotropic textufeThe  paper surface roughness is set in the same position with
results showed that the maximum height of the surfacblodel 2 and the toner layer is treated as a porous including
roughnessR,, was 12.5um and the three-dimensionally air._Mod_eI 4 is the one, in which t_he air (_axisting in the nip
calculated void fraction of the paper surfagg,was 0.46.  region is neglected for comparison with the other air
Based on the evaluations, the thickness of thermall%"'c'Ud'”g models. The thickness of the layers composing
equivalent air layerd,, and that of smooth papek, were hese computational models is listed in Table 1.

evaluated 5.7im and 88.4um, respectively. Numerical Method

For the temperature changes during the fusing process
in two-dimensional heat transfer field illustrated in Fig. 3,

Setting Position of Air Layers in Computational Region e governing equation is

Since the air existing in the nip region significantly c"_@:i 30 H, o H, 96 1)
affects the heat transfer phenomena during the toner fusing, p ot daxH oxH ayH oyp T
the thermally equivalent air layer evaluated in the previou%heree is the temperaturgy is the densitye is the specific

chapter should be introduced into an adequate Settiqgeat andA is the thermal conductivity. Equation 1 is

ptostltlonf I'?h thii cormpiutr?tlicl)lnaltr rfg('jo?h ?3( Clonfs'dfr'ngttit:ediscretized on a rectangular grid system and solved by the
state of the nip Tegio ustrate 9.1, four se galternating direction implicit (ADI) method in the region

models are proposed as shown in Fig. 2. In Model 1, the Mustrated in Fig.2, in which vectors of heat flux are defined

layers based on both toner particle arrangement and pag the boundaries of each cell and scalars of temperature at

surface roughness are together positioned at the toner-roll%re center of that. For a simple treatment of the transferring

filed of the nip elements, a calculating metfduhs been
Model 1 Model2 Model 3 Model 4 proposed on the fixed computational grid system.
I T N 1 1 Boundary conditions to the region are given as constant
(a) Heat roller cor{ ") @ @ @) heat flux spilled on the inner surface of the heat roller core
(y=0), g», and adiabatic on the remaining three boundaries.

Computational Models and Estimated Results

(b) Coating layer .~ (b) (b) ®) ®) Results and Discussion
() Air layer 0 ® ® Figure 4 shows the estimated results of temperature
Efc)) o (©) changes on the toner surface through the nip region with the
(c) Toner layer (© ©) — Model 1, 2, 3 and 4. The initial temperatu6g, properties
R I N | RN | R of the layers and the fusing parameters are listed in Table 2
(d) Paper o @ @ @ and 3, respectively. In the calculation, paper surface
(f) Air layer 0 1o 1o || uniformly deposited by toner and a sudden contact of the
heat roller, the paper and the pressure roller just at the start
(e) Elastic layer © © &) &) of the calculation are presumed.

L 1L 1L 1L 1 Plotted in the figure by solid circle is the toner surface
temperaturé measured by an infrared radiation thermo-
Figure 2. Layer construction models for numerical estimation meter just behind the nip outlet varying fusing speedn
the range listed in Table 4. In the experiment, toner (melting

Table 1. Layer Thickness in Calculation

Layer Model 1 | Model 2 | Model 3 | Model 4 AX X
o[um] | S[um] | S[um] | S[um] }
Heat roller core 1500 1500 1500 1500 . y
Coating layer 30 30 30 30 yin
Equivalent air layer 10.3 5.7 51 — Okou 8. | %
Toner layer (*porous 9.2 4.6  *13.8 13.8 Transfef| o <_(Xi.)/j$<_ * A4y
Equivalent air layer — 46| — —
Toner layer — 4.6 — - o Yout
Paper 88.6 79.4 79.4 100
Equivalent air layer 5.7 5.7 59 —
Elastic layer 200 200 200 200 Figure 3. Two-dimensional heat conduction in the transferring field
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point, 6y, of 125°C) is deposited uniformly on the whole print media with different surface roughness, paper B and C.
surface of the paper corresponding to the state in th@eometrical properties of the two papers, the maximum
estimating calculation.
Compared with the measured temperature changes, tlg the thickness of thermally equivalent air lay&, and
estimated results offer good agreements by both Model fhat of smooth paped, are obtained in the same manner for
and 3. The estimation by Model 1 shows lower temperaturgaper A and listed in Table 5. While both of the papers are
than the measured one, while that of Model 4 gives highefog um in thickness, the surface of paper B is sufficiently
one. The discrepancies between these estimated resWigooth to be regarded as completely flat and the paper C
indicate the importance of both appropriate positioning fohas two times deeper roughness than that of paper A. Table

introducing the equivalent air layers and the precisg shows the thickness of each layer of Model 2 and 3 in the
evaluation of the thermal resistance.

Model 2 and 3, both of which offer good estimations of

height of profile,R,, the void fraction of the paper surface,

calculation.
In Table 7, the estimated toner surface temperature at

the temperature field, are applied to another two kinds ke nip outlet is compared with the measured one for each
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Table 2. Initial Temperature and Thermal Properties

Layer 6 [°C] | A [WI(m°C)] | pc [MI/(mE°C)]
Heat roller core 180 228.6 2.50
Coating layer 180 0.181 1.64
Toner layer (bulk) 0.151
(porous 25 0.065 1.51
Paper (A, C) o5 0.080 1.16
(B) 0.141 1.88
Elastic layer 25 0.281 2.01
Equivalent air layer 25 0.030 0.0012
Table 3. Fusing Parameters in Calculation
Parameter Value
Nip regionw [pm] 3.5
Fusing speest [mm/s] 60.0
Heat flux from heateq, [KW/m?] 34.0
Table 4. Measured Toner Surface Temp. vs. Nip Period
Fusing speesl [mm/s] 60.0 80.0| 120.00 180.0
Nip periodt [ms] 58.3 48.3 29.2 194
Toner surface tem@[°C] | 140.0 | 134.3| 128.1] 123.7

paper. Each of estimations shows a good agreement with
that obtained in the experiment. These good agreements also
certify the availability of the estimating method of the
temperature field during the fusing process.

The above results together confirm that the proposed
models, Model 2 and 3, are useful for introducing the
thermal resistance by air in the nip region determined based
on the geometrical properties of the paper surface roughness
and toner particles.

Effects of Toner Particle Size
on High-Speed Color Printing

The thickness of the toner layer for color printing is
thicker due to the amount of toner particles multi-layered on
the paper. Effects of the toner particle size on the fuse

Table 5. Roughness Properties and Air Layer Thickness

Type | R[um] &[] G [Um] | & [um]
Paper A 12.5 0.459 5.7 88.4
Paper B 0.2 — 0 100
Paper C 20.5 0.502 10.3 79.4

Table 6. Layer Thickness for Paper B and C in Calculati

Layer O [um] (Paper B) | o[pm] (Paper C)
Model 2 | Model 3| Model 2| Model 3
Heat roller core 1500 1500 1500 1500
Coating layer 30 30 30 30
Equivalent air layer 0 0 10.3 10.3
Toner layer (*porous 4.6 *13.8] 4.6 *13.8
Equivalent air layer 4.6 — 4.6 —
Toner layer 4.6 — 46| —
Paper 100 100 794 79.4
Equivalent air layer 0 0 10.3 10.3
Elastic layer 200 200 200 200

Table 7. Compared with Measured and Estimated Result

Type Measured°C] Estimated °C]
atv=60mm/s | Model 2 Model 3
Paper A 140.0 143.1 142.7
Paper B 153.1 151.4 151.0
Paper C 133.7 131.8 131.9
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quality for high-speed color printing are discussed byesults shows that larger portion of the heat supplied from
numerical estimations of the temperature field in the fusinghe heat roller is employed to heat the paper with the smaller
region, method for which estimations has been developed tone, which improvement is due to smaller specific heat of
the preceding chapter. the toner layer. In addition, the slight decreasd@fin the
Toner particles of the same size arrayed on the paper heat roller core for the smaller toner suggests the decrease
four-storied hexagonal closed packed lattice are consideresf energy for heat supply to the fusing process.
as one of the general states for color printed images. For As the high fuse qualities of color printed images are
toner particles with the mean sizes gfifi, 7.6pm and 10 obtained by sufficiently heated toner and paper, an increase
um, toner layer properties are evaluated and listed in Tablef paper surface temperature offers a more favorable
8. The melting point of bulk tonef, for color printing is  condition. The above results together indicate that the
100°C. adoption of the smaller size of toner particles is an effective
Figure 5 shows the estimated temperature changes @RProach for obtaining high fuse quality in high-speed
the toner surface and the toner-paper interface. Conditiof¥inting with lower energy consumption.
for the estimating calculation are the same to the one in the
previous chapter. The surface temperature changes are
almost the same, not showing dependency on the toner

particle size. The toner-paper interface temperature, on the 10 €stablish an estimating method for the temperature
other hand, has a tendency to increase with the decreasel§fd in the fusing region of electrophotographic printers,
onstruction models to introduce thermal resistance due to

toner particle size. Listed in Table 9 are the quantity of het e air existing in the region is proposed. Four models are
changes during the fusing process for each |&@r, The ;
g 9 gp AR proposed and the evaluated results obtained by the models

are discussed. The results are summarized as follows:
(1) By the models adequately determining the setting

Conclusions

180

Paper A position of thermal equivalent air, the estimated toner
160 | Toner surface surface temperature changes show good agreements with
O 140 } / L 00000002R00000R4%9 the measured oneBhe importance of adequate position
S 2090000099 for introducing the equivalent air layer is pointed out.

(2) The usefulness of the models is certified by being
100 D applied to print media with different surface roughness.

fo T e ae0e0q0000000008¢ (3) The effects of the toner particle size on the temperature
80 field are quantitatively examined. Adoption of the
smaller size toner is expected to improve color printing
with high-speed and lower energy consumption.
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