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Development of 1DCAE Model for Electrophotography, and Application to Numerical Simulation
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Abstract

In the development of electrophotographic products,
the virtual evaluation of product functions through com-
puter simulation is in wide use. We are developing 1DCAE
(one-dimensional computer aided engineering) models for
electrophotography. 1DCAE is a simulation method of com-
prehensively evaluating multiple functions in the early
stages of product development. Presented here is an exam-
ple of the development of a 1DCAE model and its application
to numerical simulation.

In our design flow, we deconstructed fixing unit function-
ally and constructed a TDCAE model. To confirm the validity
of the constructed 1DCAE model, we compared paper tem-
peratures using two-dimensional simulation. This confirmed
the ability of our 1DCAE model to successfully both repro-
duce the results of conventional methods and to shorten the
time to obtain those results.

Further, we applied 1DCAE models of electrophotography
to each process of the numerical simulation used to predict
output image from input information. Using these 1DCAE
models in numerical simulation, we evaluated transfer effi-
ciency and output image quality by changing the physical
property values of the first stage of the transfer process.
Experimental values exhibited the same tendencies of varia-
tion as actual transfer efficiency, variations in image quality
were observed, and the effectiveness of employing TDCAE
models was confirmed.

By further improving the accuracy and functions of such
simulations, and by actively utilizing them in product devel-
opment, product quality can be improved, the environmen-
tal burden in product development can be lightened, and
greater value to customers can be provided.

* A PHA AT A R—2 3 v & ¥ & — CAEHEEH

38 KONICA MINOLTA TECHNOLOGY REPORT VOL.16 (2019)



1 EU&HIC

BYEEAFRICEBMFPR 70y 7y av 7Y v b
MEOBIBPHFICB VT, I alb—yavnALliEHE
NTw3, RKOAIWREOKIFICS I 2L —arz2Hv
%2 LT, FEEROUERIEIEIC D B Mo EES 2 A
N RS A 35 1E D>, BIEESOMIE D3R e 7 LR % 51
ficEs00ThHs, HaxlFrIaL—var2dnic
BIFINIGE T XK, BB o BeBS 1< 3 T RE 72
IDCAE € 7L DBiF 2D TE 7, ARTIRFAFL 2
IDCAE £ 7LD Hf 2 fEHd 5,

F7o, FAGATImE & B EERE TR D> & TR D
IR A B 2 M LR 3 2 iR 2 2L —
TaviaERFELTE R, HEEL /2 IDCAE € 7L % i
¥ 2 ab—¥a v IiZBI B WREEROZ I G H L
7Bzt d %,

2 BFEHILKITS 1DCAEETILORFEEH

2.1 EFFEICKTZDVZalL—yay

HIEE 70w ZOEMBIEICH6NnE> 2L —
> a v D% FHRERMBITICREIND L) BNRY
PRRO2EM % 2060 3R L CEHE T 2 F
BThsd, ZOFEIEMOWREBEEL T3 70,
1 H AT o WLl 22 5l 23T E 2 TN TV 5,
— 1T, PRI OEMIRG Cldbk 4 RS CRTE T S
ZLEBRDOND 70, ENTE T IAERPRI BRI R
R 23 L, >3 ab—>avoxXYy bz+gicdd
LENZWI EDBDH D, £, HFEHERIZBVTL, &
7t A b 2 BR LRI EM I A G D, Z
NoDHHFERMKL 723 3 2L —3 3 VIR
OB D, BTRRESERICR S RE, Y2l —
SavPEHTELR LI LIEFLIED B,

MR, Y32l —varvoFEDN1IDE LT, IDCAE
EH &N T3, 1DCAE & I3 RO ICHEE L, K
BT %87 X =% — L A0 BIR % Pyl il > 52 i
F=& %&b it (7)) LCGEHRT 3 TET
HaV, BlEES v TNVICRIT L2 LT, BEDOET
WOFEEENEG I, BERBAFERIINC B W THEBE DB
SEDOWGREZAT I BRICY, EE T 0 A AEIC X
ZAEAEOMMEDREIC R 2, S, A IZEGBETE
BT 2232l —ya ol H#EMEEZERT L, E
FEHE 7t 2D 1DCAEE F L ZREFE L 7=,

2.2 1DCAEEFIOFxt70O—

IDCAEE T VIIRRHERTH S a v K-V b,
2o ALY LY 7Y AT LR EYNICHFTT S 2
&T, BT TV OEEECME TV~ D DTRE &
%%, $4 I3 1DCAEEF L2/ T 512H72 b, Fig.1
WCRTHE 70 —2 Tk, WOICHFENRET 22
Zv b7 ur R, EMEEICOWT, 202K T 5

BEREIC R L, BEBEMfITlODEFNL (FEAEFIL)
ZEERT 5, KIiHpez Pk e gl o L,
R ML AT A= —, ABIEREZWHMECT 2,
COYHEARRBEANIDDa vy RK—%v b kB,
oD AHNEREEF L7 ay JRIEERL, 1§
WM OEAR L 2R LI 2T, KFarE—%x vt
BV T AT LDIFEIKE D,

Focus target

%| Define functions |

v
Define functions Implement and connect
/ components components
v J
Define components Construct
relationship 1DCAE model

Is there
a contradiction?

Fig. 1 Design flow in the development of a 1DCAE model.
This allows proper design of a 1DCAE model of a complicated system.
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Fig. 2 Six functions composing the fixing process.
Models of these six functions are coordinated to construct a
1DCAE model of the fixing unit.
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Fig. 3 Correlation between Bekk smoothness and virtual air thickness.
Using this correlation, virtual air thickness Dv is determined from
the roughness of the paper to obtain contact thermal resistance
Rc in Equation (2).
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Fig. 4 Simple two-dimensional fixing process model by FEA (finite ele-
ment analysis).
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Fig. 5 1DCAE model of fixing nip heat transfer function.
Heat transfer among parts is calculated by the fixing nip heat
function in conjunction with pressure and airflow function models.

40 KONICA MINOLTA TECHNOLOGY REPORT VOL.16 (2019)



INSDETFTLVEMAT, ML Y —I12 X 20
£ 200 °CI2 % 1 2 e il AR IR oo F G B2 & BB L 72,
Fig. 6 13t/ O E B @B R KL ICO\WT, W€ 7L
OB T LT\ 2, WE 710 MRGRIED IR
K2.6% &1FE—3LTE D, IDCAEEFILT2RI0fE
e TcE sl Lzl L7, 7, FHEREIZ2X
TERNT DI & 2 6057 % B L 72DIcK L, 1DCAE Tid2
FIEEE1/30E R0, KIBICHEMS N, e 3ESET
LIS S REIC IDCAE E FL~DE S A 23ED T W5,

140 -
b Maximum error .-~~~
135 |- e
p B 2.6% -
2 R
© T
L 130} X
€ Pl
2 S
w e
< 125 |+ g
O -
a -
a .
120 L2
120 125 130 135 140

2D simulation temperature (°C)

Fig.6 Correlation of maximum paper temperature during continuous
paper feeding.
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Fig. 7 Numerical simulation.
Blue rectangles indicate process functions that employ 1DCAE
models instead of conventional models.
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Fig. 8 1DCAE model used for first stage of the transfer process in numer-
ical simulation.
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Table 1 Characteristics and 1DCAE model replaced in process of numer-
ical simulation.

Process Characteristics IDCAE model

Charging Charging voltage Discharge model

Development Development curve  Charge transport equilibrium
Transfer (1* and 2" stages) ~ Transfer efficiency Electric field model

Fixing Spectral absorbance  Melting model
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Table 2 First transfer stage condition.

Resistance (logQ)

5.8
Constant 7.3
9.0

Transfer current (LA)

Fig.9 Ick % &, 1REE v — 7 —DEYUHEICIEL T,
1 REEENRNEAT 5 2 EDMERTE, ZRUIIHL T
G IRIE 2 R THHEL* O ZLb A 5N 5, BEICH
FMEDFEMNC X 5 | REERHF LK T 5 &, HEICRE
HExd 208, F—HAICELT 22 LDMERTE, T
MEDBREE b F—DfECHEZCBT 2 ET VD%
WA TH B EEZOND, KEEEICHEIZIE S 5,
WERGR S D285 A — % —Ii2 X 2 A HEE D2V D3R
TE, ietshcb i cE 2 liAAa 2 &, 72, N
FIA—F—PHNER 2R T AMTHAET S 2 LT,
70t AMOMEF2ER Ik L B sliffcE 3,

(a) (b)

100%

g 75
§ o% 4
£ 273
T 90% 15
5 — ® —Measured e 71
G =
S g5% —— Calculated i
g 69 ~——&— Calculated
80% L L ) 67 L L )
4 6 8 10 4 6 8 10

Resistance (logQ) Resistance (logQ)

Fig. 9 (a) First transfer stage efficiency, (b) lightness L* of output image.
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