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Factors for Improving Uniformity in a Multiple-Stage Magnet Brush Development
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Abstract

A multiple-stage magnet brush development method is
practically used in some high-speed electrophotographic
machines. This method has so huge numbers of parameters
to be determined including combinatorinal factors that it re-
quires advanced designing skills to plan the experiments
flexibly and efficiently. We have built a simple experimental
equipment to determine an optimum suite of rotational di-
rections of developing rollers. We have also proposed a
mathematical model for the multiple-stage development
method, which was arranged from the charge transport
equilibrium mechanism. Actual developing unit has been
designed and tested to optimize its performance of high-
speed developability as well as image uniformity. Validity of
the mathematical model was also verified.
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Fig. 1 Schematic illustration and equivalent circuit of charge transport

equilibrium model at the 1st development.
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Fig. 2 Schematic illustration and equivalent circuit of charge transport
equilibrium model at the 2nd development.
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Fig.3 Scheme of an experimental instrument to determine the best
suite of double stage magnet brush development.
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Fig.4 Cross-section diagram of the actual model of double stage mag-
net brush developing unit.
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Fig. 5 Comparison of developed images among different suites of rota-
tional direction (CC: counter-counter, WC: with-counter, CW:
counter-with and WW: with-with). Halftone uniformity was deter-
mined by the rotational direction of the last developing roller.
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Table 1 Control factors for L9 orthogonal array.

Factor Description ] Le;els 3
A |DR1 8 (61) 0.8 1.0 1.2
B Ve [kV] 0.3 04 0.5
C |Frequency [kHz] 9 11 13
D |[DR2 Angle [° ] -5 0 5

Table 2 Noise factors for N8 orthogonal array.

Noise Description ] Levels 2
a |Environment HH LL
b [Duration New Old
¢ |Tc [wt%] 6.0 9.0
d |ds tolerance [mm] -0.03 +0.03
e |db tolerance [mm] -0.05 +0.05
f |dammy - -
g |[dammy - -
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Fig. 6 Factorial effect plots of experimental result of L9 orthogonal ar-
rays; SN ratio.
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Fig. 7 Factorial effect plots of experimental result of L9 orthogonal ar-
rays; sensitivity.
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Fig. 8 Factorial effect plots of experimental result of N8 orthogonal ar-
rays; sensitivity.
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Fig. 9 Factorial effect plots of calculated result of L9 orthogonal arrays;

sensitivity.
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Fig. 10 Factorial effect plots of calculated result of N8 orthogonal arrays;
sensitivity.
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Fig. 11 Image sample of the optimized condition selected from the re-
sult of the L9 x N8 experiments.
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