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Friction Noise Suppression and Image Quality Improvement Using Numerical Simulation

o B R

Yoshiaki KONDOH

3=

AR T ZVREARICERT 28BE /1 X,

BEFEHEEEGTOEENHHO—DTH D, ZDRHEH
/A ZDERICH LT, BET T 7OEIKEICLZH
ELEDIC, R AT LASEKOBEROESRICE L
THHENR SN TE

AR TIE, YTal—YyarvzBAWLEFEEO
tZADEBHRAPIECE VT, RETOBE/ A XD
BEENESHE /1 XEHEUVTETIELT, —EDET
HARICEAADEINRFEEZRT Uz, K/ A X
ERDOEMENEGRY Y I DEENTE AT v THh
HFED, /A XDBWEENLREREELEDENS /A
ABEHZzEH U, /A XEHERWBEEERVEW
BREOBEBREBEANGOHERRDOIRTT—ITARY
NLD S, FENLEEREEEOESEZ LKL, 5
R/AZXDBEILEP T IDEZEE Ufeo BITERITIRER
MICHI SN /INT A= —&5 EORAR EERNGEH
EnUTce £, EEEDVIaL—Y a3 VvEMELN, &
R/ A ZXDBENFEFEBVWTCRELZDEREREZT
W, ERFE/ A XEDOBEREEER L,
ARRDFRICED, HEAKORWERETER./ 1
LT, FEFOREEELARNILEYI2L—Y 7Y
TREDD I ENTETH D, KR Z S 5(ICEEED
M LEICDRIFS I ET, BERMED M _ EAERMICEARE
TZE %,

R B8 4F 5Axk
Yoshihiro HATTORI

Abstract

Friction noise caused by the magnetic brush of a two-
component development system is an inherent problem in
electrophotographic imaging. To reduce friction noise, every
effort has been made at KONICA MINOLTA in the design of
the development sub-process as well as of the total imaging
system. This paper presents a simplified method whereby
the specific characteristics of development-induced friction
noise were modeled as a noise function and used in a numeri-
cal simulation of the processes of design and evaluation.

A mathematical noise function was derived by subtracting
the scanned density profile of an actual printed sample hav-
ing friction noise from a mathematically-created, ideal noise-
less image. Fourier transform spectra of the density profiles
simulated with and without the noise function were ana-
lyzed by comparing peak heights in a specific space frequen-
cy range as a visibility index of the friction noise.

Results corresponded well with the empirical tendency of
the design parameters. This simulation technique and the
visibility index of the friction noise were applied to a quality
engineering orthogonal array experiment whose results re-
vealed a relationship between several control factors and
noise factors. In this way, a final product quality level can be
simulated at an early step in product development. In addi-
tion, the technique brings increased value to the customer
when advanced to the level of product reliability design.
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Table 1 Functional specifications of the simulation system.

Sub-process Parameter

Toner Density/mass Studied
Not studied
Charging characteristics Not studied

Photoconductor PIDC Studied
Internal diffusion Not studied

Particle characteristics

Development Developing characteristics Studied
Edge effect Not studied
Friction noise This report
Exposure Beam profile Studied
Exposure position Studied
Light emission characteristics Studied
Control Max. density correction Studied
Y correction Studied
Screening Studied
Transfer Transfer efficiency Studied
Discharging noise Not studied
Toner scattering Studied
Fuser Color/temperature Studied
Surface profile Not studied
Internal diffusion Not studied
Paper Surface profile Not studied

Not studied
Heat transfer characteristics ~ Not studied

Electrical characteristics
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Fig. 1 Simulation flow. A friction noise function at the development sub-
process is incorporated in a conventional simulation flow. An out-
put image and evaluation values are obtained from input image
data calculated at each sub-process.
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Fig. 2 Characteristic curves used for process simulation. (a)Developing
potential versus exposure energy in latent image formation sub-
process. (b) Toner amount versus developing potential in devel-
opment sub-process. (c) Image density versus toner amount using
after transfer sub-process.

) A RBBe o7t Rdl 2R, £9, IRE100%
DOFEEMGED S L7 2 A A vy T2 —
a2 Fig. 3 18, 22T, AWZETHED /A
AR OBIE, JERE L R AEEZRET 5 2 LT
) ARBMRTELL_NVTHS7-DFig.3 ka7

A N ERFHE A AT, X S IR 2 SR S & TR
MzE LI TRLTWS, 2%, BBInkbF—
DB INTHL ot aVBRIERINTVS
Fig. 3 IXMI{RD 2 CHESF DR 2 4 XH %EEL’OA
22 Lhh B, Fig. 3 AT B LRKIE7 — V) LAY
NIV % Fig. 4 1278 T, Fig. 4 TGS & 31775171 % FD
(Feed direction) J7[Al, T /5171 % CD (Cross direction)
HaEERL, Z2NEFNOHMT7 =Y @ L7, 5
W4 %, FD AR D W TP O TR L2 ARY b
VE—=ZMHICROT S5, 2405 ORI 2 &
BoEEoEEcE] LTk, A oMb T &
DEAE L Z MRS L7z, CDJFmMICx L Clx, 8 cycle/mm
fHEICE = 27135 553, FBREEK & MBS EE Z,
DI I BRI R0 6 BRA L 72,

Fig. 3 Simulated image using a friction noise function at 100% image
density. For better visualization, image contrast has been enhanced
and positive/negative has been reversed. Thus, the dark areas
indicate removed toner.
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Fig. 4 Results of 1D Fourier analysis of image in Fig. 3 expressing both
feed direction and cross direction. Friction noise in the feed direc-
tion is characterized by circled peak values.
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Fig. 5 Simulation results under various conditions with friction noise at
about 85% image density. For better visualization, image contrast
has been enhanced. Parameters are (a) 50 pm beam diameter
with coarse Screen 1, (b) 100 pm beam diameter with coarse
Screen 1, (c) 50 um beam diameter with fine Screen 2, and (d) 100
um beam diameter with fine Screen 2. A smaller beam diameter
and lower line screen frequency tend to result in less friction
noise, which agrees with experimentally known characteristics.
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Fig. 6 Comparison of spectrum peaks simulated under various condi-
tions. Data at 85% image density reflects the conditions in Fig. 5.
At the lower 50% image density, the tendency is clearest that, pri-
marily, the smaller the beam diameter and, secondarily, the finer
the screen, then the lower the A (spectrum peak) and thus the
lower the friction noise. Vertical axis indicates a difference of peak
height between with and without noise function of Fourier analy-
sis as shown in Fig. 4.
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Table 2 Quality engineering control factors.

L Levels
Factor Description
1 2 3
A Exposure energy Low Mid High
B Photo-induced decay curve Low Mid High
C Bias vs toner-deposition curve  Low Mid High
D Toner-deposition vs Low Mid High

density characteristics

Table 3 Quality engineering noise factors.

L. Levels
Factor Description
1 2
Exposure energy Low High
b Photo-induced decay curve Low High
c Bias vs toner-deposition curve Low High
d Toner-deposition vs Low High

density characteristics
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Fig. 7 Factorial effect plots. SN ratios are calculated by smaller-is-better
response with averaged spectrum peak values circled in Fig. 4.
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Table 4 Results of confirmation experiment.

SN ratio (dB)
Description Worst Optimum Gain
Expectation 19.7 23.6 39
Confirmation 20.7 233 2.7

Optimum Worst

Fig. 8 Confirmation images based on optimum and worst conditions
in Table 4. For better visualization, image contrast has been
enhanced and positive/negative has been reversed. A compari-
son of the images confirms that optimum conditions result in
lower friction noise.
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