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Abstract

A numerical approach is proposed to estimate te
perature field in toner fusing process for improvement 
fusers in electrophotographic printers. The outline of t
numerical calculation is as follows: 1) Finite differenc
method is applied to discretize the equation of thermal co
duction on the computed region consisting of a heat roll
air gap, toner, paper and a pressure roller. 2) The govern
equation is solved by time marching with the alternatin
direction implicit method. 3) The rotation of the heat an
the pressure rollers and the transfer of the paper are mod
by transfer of thermal properties, the procedure in whi
temperature and heat stored in a cell are transferred from
cell to the adjacent outgoing cell synchronizing with th
rollers’ rotation. 4) Toner fusing characteristics are model
by using a constant melting point and a latent heat. T
availability of the calculation is discussed compared wi
the temperature obtained in measurement, indicating 
necessity of the introduction of an additional resistance
thermal conduction. The temperature distribution in th
fusing region is also analyzed for obtaining fundamen
feature of heat transfer.

Introduction

Lower energy consumption are always required f
electrophotographic printers. Considering that more than 
percent of electric power is generally consumed in ton
fusing process, the improvement of thermal efficiency 
fuser is therefore the most important.

Many printers adopting the system of heat roller fusin
are major because of advantages in fusing quality and c
performance, but have some disadvantages such as hi
power consumption and longer warming-up time. The he
roller fusing will be more attractive by the improvement o
the thermal efficiency. It is necessary to obtain preci
knowledge of the heat transfer phenomena in the fus
region for this improvement.

In this paper, a numerical method to estimate tw
dimensional heat transfer phenomena in the fusing reg
will be proposed, and the effects of air involved in the fu
ing region on temperature distribution will be also discuss
on the estimated results.
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Outline of Toner Fusing Process

A schematic of heat roller fusing is illustrated in Fig.1
The fuser mainly consists of a heat roller and a pressu
roller. The heat roller is composed of an aluminum core (1
mm in thickness) with a very thin fluoride resin coating
layer (30 �m in thickness and 2�3 �mRy in surface rough-
ness) and heated on its inner surface by the radiant h
from a heater. The pressure roller is composed of an elas
rubber (6 mm in thickness and 1�3 �mRy in surface rough-
ness) with a stainless core. The two rollers are press
against each other, and the deformation of the pressu
roller then forms a fusing region in their interface. The tone
fusing process is carried out during the residence in the n
in which toner is passed through the fusing region alon
with the paper. The heat stored in the heat roller is co
ducted to the toner particles due to their mutual contact, a
brought out from the fusing region with the rotation of the
rollers.

Paper

NipCore

 Pressure roller

Coating layer

Elastic rubber

Toner

Heater

Aluminum core

 Heat roller

Figure 1. Schematic of heat roller fusing

10 ��m

Figure 2. Toner particles deposited on paper
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Figure 2 shows a SEM photomicrograph of the state
unfused toner particles deposited on the paper. The o
vation of the photomicrograph indicates that the diamete
toner particles is about 8 �m and they are deposited un
formly on the paper (100 �m in thickness and 10�15 �mRy
in surface roughness), the deposition being considered
layer with about 14 �m in thickness.

Technical Problems

For optimizing thermal efficiency of fuser, it is at fir
required to have quantitative knowledge of the heat tran
phenomena in the state of actual fusing condition. In a
lyzing the heat transfer experimentally, there are some d
culties in obtaining two-dimensional feature of the pheno
ena due to small dimension of fusing nip; numerical 
proaches are expected to be powerful alternatives for
taining thermal characteristics in the region.

Some calculation models for the estimation of the te
perature field in the fusing region have been reported1 , 2. In
these reports, one-dimensional thermal calculation mo
were applied. Considering the effect of the heat flux cau
actually by two-dimensional heat flow on the fusing fie
two-dimensional thermal analysis for the region with 
rotating field should be necessary to estimate the temp
ture in fusing field.

In constructing a numerical method, appropri
evaluation of thermal properties for heat conduction is 
of the keys for precise estimation. From a microscopic p
of view in Fig.2, it is considered that air existing in the fu
ing region should be taken into consideration due to po
ity of the toner layer and surface roughness of the paper

Since the thermal conduction of air is small compa
to the ones of the toner and other members, this sug
that the thermal resistance of air has remarkable effect
the temperature field even if its quantity is small. The th
mal properties of air included between members in the 
ing region should be clarified and adequately modeled
the numerical method.

Numerical Approach

Concept of the Numerical Estimation
In the numerical method proposed here for estima

the temperature field in the fusing region, the below prin
ples are adopted:
1) The method is available for the estimation of tw

dimensional heat transfer phenomena.
2) The geometrical shape of the computed region is rec

gle, because the order of the nip width is much sma
than the radius of actual heat roller curvature with 
formation by nipping.

3) The effects of air contained in the region are conside
in the form of an additional thermal resistance as
equivalent air gap layer.

4) The rotation of the heat and the pressure rollers ca
taken into consideration in a simple way on a fixed co
putational mesh.
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Governing Equation
The governing equation of the phenomena is the eq

tion of thermal conduction in two-dimensional area:
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 (1)

where � is the temperature, � is the density, c is the specific
heat and � is the thermal conductivity.

Equation (1) is solved under given initial and bounda
conditions and then the temperature of the composed m
bers in the fusing region are determined. The equation
discretized on the structural grid described in the next s
tion and numerically solved by the alternating direction im
plicit (ADI) method 3.

Computed Region
The calculation model is illustrated in Fig.3. It is a two

dimensional thermal conduction model composed of 
layers, the heat roller core layer, the heat roller coat
layer, the thermally equivalent air gap layer, the toner lay
the paper layer and the pressure roller elastic layer, ha
the same width of the fusing nip, w. The letters x and y de-
note the directions of paper feeding and the layers’ stack
respectively. The thickness of each layer and the width
the nip are indicated in the figure. The equivalent air g
layer thickness �a is 5 �m as a trial; a further detailed dis
cussion will be necessary. The area is divided into 500 b
�m interval in the x direction, and the layer thickness �h, �c,
�a, �t, �p, �e is divided into 300, 8, 1, 4, 25, 25 elements a
�m, 3.8 �m, 5 �m, 3.5 �m, 4 �m, 4 �m intervals in the y
direction, respectively.

�yi,j

 y

x

2 1

1

� c (30 �m)

� h (1500 �m)

� a (5 �m)

� t (14 �m)

� p (100 �m)

� e (100 �m)

 2

w (3500 �m)

� h c

� c a

� a t

� p e

� tp

 j

i

�xi,j

  � i , j
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Figure 3. Computational mesh in the fusing region

Boundary Conditions
The constant heat flux qh from the heater is supplied on

the inner surface of the heat roller
7
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and the adiabatic conditions are applied on the remain
three boundaries of the computed region.

In addition, the rotation of the two rollers is simulat
by the transfer of thermal properties, the temperature 
the heat stored in a cell, to the adjacent downward cell in
computed region synchronizing with the two rollers’ rot
tion. The heat stored in the cell is brought out from 
computed region at the outlet (x=3500 �m).

Phase Transfer Model of Toner
Toner is made mainly of styrene-acrylic or polyes

resin. Due to the general characteristics of polymeric m
rial, the toner does not have a distinct melting point. For
numerical application, the phase transfer process of ton
modeled by a constant melting point and a latent heat
termined experimentally. The schematic explanation is
lustrated in Fig.4.

 Phase translation
 region Solid

 Liquid

Melting point, �m=125 [�C]

Enthalpy Q

Heat of fusion, Qm=40.3 [J/g]

Start t=tn

Te
m

pe
ra

tu
re � End

Equivalent latent heat, Qi,j
n

Figure 4. Phase transfer model of toner

Results and Discussion

Toner Layer Surface Temperature
The temperature change in the fusing region is e

mated and shown in Fig.5. The properties of the memb
and operating conditions are listed in Table 1, 2 and Fi
The letter x and t denote the distance from the nip inlet a
the residence time of the toner.

Table 1. Thermal Properties and Parameters in
Calculation

Layer � [�m] � [W/(m·K)] � c [M J/(m3·�C)]

Heat roller core 1500 228.6 2.50
Coating layer 30 0.181 1.64
Equivalent air gap 5 0.030 0.0012

Toner layer 14 0.151 1.51
Paper 100 0.080 1.16
Elastic layer 100 0.281 2.01

The results offer useful knowledge of the tw
dimensional temperature field in the fusing region. The h
roller surface temperature �ca rapidly decreases to the min
mum of 135
C at 0.24 mm behind the inlet (4 ms resident
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the fusing nip) by thermal conduction to the toner and 
per, followed by a moderate recovery with the temperat
rise of the members. The toner�roller interface temperature
�at reaches to its melting point �m at x=1.5 mm (t=25 ms) and
the toner�paper interface one �tp at x=2.9 mm (t=49 ms).
The complete phase transfer has been accomplished at x=3.2
mm (t=53 ms) through the phase transfer process in wh
the temperature �tp is kept at the melting point of 125
C.
The toner layer surface temperature is 139
C at the outlet.

Table 2. Parameters in Calculation
Parameters Values

Fusing speed, v 60 [mm/s]

Nip width, w 3500 [�m]

Heat flux from heater, qh 31.9 [�C W/m2]

Heat roller temperature, �h 180 [�C]

Environmental temperature, �s 25 [�C]

  0
x [mm]

10 20 500 t [ms]30 40

� [�C]

1 20 3
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100

 80

 40

120

140

160

180
�h c
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�a t

�p e

�tp

�m

 Air gap layer thickness: �a  = 5 �m

Figure 5. Estimated temperature change in the fusing region

For the discussion of calculated results by the numer
method, the temperature changes on the toner layer su
at the outlet of the fusing nip and the heat roller surface
measured simultaneously with an infrared radiation th
mometer as shown in Fig.6 on 50�30 mm measured sectio
at the center of the paper width. The resolution of the me
urement is 0.52�0.52 mm in space and 0.6
C in tempera-
ture. The toner is deposited uniformly on the whole pa
surface for the measurement.

The heat roller temperature at the inlet of the fusing 
is also measured by using a thermocouple in contact with
surface and controlled at 180
C in the room of temperature
25
C. The fusing speed is kept at 60 mm/s. The width of 
fusing nip is measured by using a fiber-scope and set to
mm.

Shown in Fig.7 is one of the results. The toner lay
surface temperature at the outlet of the fusing nip is me
ured 140
C. The good agreement between the measu
temperature 140
C and the estimated one 139
C certifies the
availability of the numerical estimation. Considering that 
8
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additional trial calculation with �a=0 �m gives the toner
layer surface temperature 158
C at the outlet, the necessit
of consideration of the equivalent air gap is also confirme

Heat roller

Pressure roller

Heater

Fused toner on paper

Measured section

Figure 6. Temperature measurement by thermometer

 Heat roller surface

 Toner layer surface on paper

 50 mm

 3
0 

m
m

 Measured temperature

 Measured point

Figure 7. Temperature distribution at the outlet of the fusing n

Temperature Distribution in Fusing Region
Figure 8 shows the calculated temperature distribu

in the lateral direction in the fusing region taking x as a pa-
rameter.

From the figure it is clearly mentioned that rapid he
transfer occurs during the short period in the very beginn
of the fusing process. With the progress of fusing, the t
perature gradient in each layer decreases and become l
In the toner layer, the temperature gradient is rather s
compared with one in the other layers, there however 
significant temperature difference of 10.2
C between the
upper and lower interfaces even at the outlet (x=3.5mm,
t=58.3ms). Since the toner temperature strongly governs
final print qualities of fixing strength, glossiness and sha
ness of image, the estimated results will offer import
knowledge of the fuser performance. It is also clear that
temperature drop in the air gap layer is comparable to th
the toner layer in spite of its one third thickness of that
toner layer, pointing out the importance of air existence.
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x = 3.5 mm
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Figure 8. Estimated temperature distribution in the y direction

Conclusions

A numerical method for estimating the temperatu
field in the fusing region of electrophotographic printers
proposed and the estimated values are discussed. The r
are summarized as follows:
1. A numerical approach based on ADI method is propo

considering the two-dimensionality of the heat trans
phenomena, the movement of the consisting mem
and the contained air in the region.

2. The estimated temperature on the toner layer surfac
the outlet of the fusing region is compared with the o
measured by infrared radiation thermometer. The ag
ment of the two values certifies the availability of t
numerical estimation and the necessity of the additio
thermal resistance by contained air.
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