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Simulation of Noncontact Development in Electrophotography

with Non-magnetic One-component Toner

Yoshiyuki UEHARAY, Hiroshi MIKAWAF, Setsuo HORI", Masahiko SAKAEY,
Takeshi WATANABEY, Masaaki YUKAWAY, Tadashi UMEDA"

M Fukui Institute of Technology (F910 Fukui, Gakuencho 3 —6 —1)
F Mita Industrial Co. Ltd. (F540 Osaka, Chuo-ku, Tamatsukuri, 1—2 —28)

Summary

Compuier program for obtaining time dependent positions of toner particles for any DpC
and/or AC bias as well as photoreceptor surface potential has been worked out with the
use of a subroutine program (Fig.5) for calculating time dependent field strength
including the contribution of the charge of toner particles. Typical simulation
results are shown in Figs.7 and 8 showing good agreement with experimental results
Parameters for the simulation and experiment are shown in the figures.
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T RAY =T - FSLHBOEMCHABE S, RAL KDL F—OBBENAZY -7 - F5
LEOEHEE - CESEINBEEVIELUTPoissondRERVCTCRY—T + K5
LEIOBRERD b+ —HNFORPERDTWE, RAAEZLZ L, BMEOEMMIR. b+ —K T
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=7 FILBZERICRH LB 3L EERLEDLHR ) —~T « FSLABEBIcE S T AR —

IAMREBBERELALETFVIKED, PoissonAAMIBELS>SBEFLELTCBRA
KD M —HFORMEHETZ2EMUTH %,

ARE (3) TR, PEOXK (1) (2) EELESICRY =T FicHERLE M+ —KFA
ZY —T7OBEICE->T, $22Y —T7HEIORBAED ., KEBSAFIAFTRY -7« F
TLEERBRA LEKIIC, MO M F -2 Y - T FCRED, ~ 8O FF -2 K5 L FicH
BINZLVIRBABULE-ST, M -—HTFOBBHOREAEZRL T, M —HTFOEHHE
RERES. NTFOHSEBY T 22080, /. TORBLIEBRERLEB L TERL
oo FBMETR, RV -THEBTHIRLMBIBEEE- 1,

2. HBEBOET N

BBHEEORAFNEFNE Fig 1LIKRLEk, FSLEBOBMRB Yo, S L. Y —7
ERICKEW N TABEEMA S, 2V —7F a iBOLF—13 a—b B LARNT 3
bo Lt 3,
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R1:Drum Radius

Toner T R2:Sleeve Radius

S
}\ \& \ D@:Sleeve-Drum Distance

™2 HQL\
/ " (AG \3-1/ ()] —=b il GA:Toner Fight Gap
&& ,//\\ / Length
— : , DI:Thickness of

-
Sleeve Metal Ao Photoreceptor Layer
Photoreceptor Layer Drum Metal AG:Sleeve Angle (before
Fig. 1. Geometry of Simulation Nodel. center line plus)
El:Photoreceptor Layer
Specific Permittivity; VB:DC Bias; YP:Vp.p of AC Bias of Sleeve; HZ:Fre-
quency of AC Bias; 1.0:Specific Permittivity of Toner and Sleeve-Drum Gap Space;
S1(M): Coordinate of M-th Toner Sheet; V@:Photoreceptor Surface Potential Value as

Measured by Electrostatic Voltmeter
BRAEGREICEA SN REBAE . XEBEHTHMELABELT VO 0BHINEZ S hH
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By ot % SZ &4%, t=SZ DEExDORY—-TBAM VZ &
VZ=VB-(1/2)#VP#SIN(2% x +HZ*SZ+PH) Eq. 1

L4 2, M. K "4A72%4SINREELLEEX, SINDRHOFEETAFRICLIL &,
t=SZ=0 LxofiEB% PH &9 5%,

3. br-RMBOBHER

@4 O 0T B TLuckness_}DT Photoreceptor Layer

% EEE|  Toner Layer ¢

TEHEILRURARETH 20O EE -~ Charge Density Q
W (2) Ao kESC b F B
—BErF—r— AL TE  FE
25, t=0 CEVWTRY—T

38
3

33

kiwebr—2HREL, Fig. s g
20k5k P EHLELF -8 %%%ﬁgg
%M=1~P&T60h%—ﬁ‘3héw//\\
Bz, Fig. 30&5. b M

+—v—hbELTRATEZLDL Fig. 2. Toner Layer is Divided into P Toner Sheets.
T5, k. RAT 20 M F—
KFTHHDOH, BEMbF——
hox ) —Tho0EMREREINE
¥ S1 (M), M=1~P&953
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¥% RT, BF QTORFAZR
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LTEq. 20EHABRICHD
Tl b, T, YTEHRZER
OEMMEBTH B, . RIFHE Fig.3. Flying Toner Sheets.
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NT$d2S1 (M) /dt2= - 6% 7 $YT#RT#dS1 (M) /dt+QT+E(S1 (X)) Eq.2
*E%K%H%bf—@ﬂﬂﬁﬁﬂl@m/sec%@i%léﬁ%gﬁ(\ﬁ?@IVFb
EEicNTVWOT, RPOReynold s number, &1 0AMA B EIEECER
HERICAZ LBV EEAOND, FROKEICHBRANBRATS > T, FieoEHHER
Eq. 2 ABREOSEEE - TRENHRAE, Y —7 « F5LMCRY S bF - OHE,
EEABBAG - CHIEAHRBEE bIC, BRI KT LERRRINS hr—H, HIE A
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A=TFU T4 OHMREBIENEES,
4. AV =T FSLBORF v )l V LBR E OiHHE
BAERRY -7 F5 LB

e Photoreceptor  Photoreceptor
BT 22y bV ERDBEZOM ,Sleeve Surface N=0  Surface N=7+ I v

MELTKDE, Vidtsry N_Z\/
/ //'=2_ GA/Z=W N
Z “3 I//‘|

vy VOMBEHEHVHEL 72,

Fig., 4R+ L5122y —
\ Potential due to

T-RAGREEOX Yy v 7%
1’ }l/ V %S}zw 50 Z @{Eci‘z‘ Sleeve Toner Charge Drum

ZERLZOERBo A7

B L30~100BEDH Fig.4. Sleeve-Drum Gap Space is Divided into Equal

THWE, Z Regions. Potential Curve is Eq. 3+Eq. 4+Eq. 6.
AY=—TRHX 17 28BE

VZ HHEMTENXHBOMBICHELBE V (N) 3. FiFHa v 7o 4 — ERET S LMBL

AFRICEDEq. 3¢5,

If N=0, V(N)=vZ
If N=Z+1, V(N)=VZ#(DI/EL)/GE Eq. 3
If N=N, V(N)=VZ*(1-(N¥-¥1)/GE)

where W=GA/Z, NW=N+VW, W1=W/2, GE=GA+(DI/EI)
BAKICEZLLBN VO (REBMAMEM/E L) NEBOENRXBICELZRF Y4 L
V (N) BEIBROBHLHBEICLDEq. 4k 2,

If N=0, V(N)=0
If N=Z+1, V(N)=V@+GA/GE Eq. 4
If N=N, V(N)=V0* (NW-W1)/GE

XU—7-F%Aﬁﬂbéﬁﬁ%iuf6&6@5F+—%ﬁ®¢&fﬁ\%NZ@®MEK
EZ8M V (N) OHBREFHEMTE 20, ROLS>CHBEXhZ, Hb. EMbFFr— o
—PONE S1 (M) icHYT2RBORMF+ > "— NC it.

NC=INT(S1(M)/W)+1
CHBDE. KT IOEM P+ — 2~ bAEROBNREICHES KT V2 v AV (N) % T
3>?y#—%ﬁﬁbfib6&Eq.Smxﬁtﬁaoc:m\QMb+—%ﬁE@gﬁ%g\
QS=Q-DT/PRIKDO I+~ — OBNERS -V OBERTS 3,

If N=0 V(N)=0

If N=Z+1 V(N)=QG+ (DI/EI)#*S1(N)

If N¢=NC V(N)=QG*GS* (NV-W1) Eq. 5
If N>NC V(N)=QG* (GW-NW)#S1(N)
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where GW=GE+W1, QG=QS/(E0#GE)
Bic, b=y =P . M=1, 2+ - PHrov—2x%505,. Provy— 280k 3
Ry VEMBETZLE, FEOBNXBMOKRT v %LV (N) BEq. 6&73,
V(N)=0
FOR ¥=1 TO P Eq. 6
V(N)=V(N)+Eq. 5
NEXT M

R, AV -—TREBAINATABE VZ, BAGBRERBLU VO RUL M- - bPORT
PEBOBNRXEBOMBEICESZRT %) V (N) &, (Eq. 3+Eq. 4+Eq. 6)
ELTKkHON B,
REBEXBOERT v v b S6RY—-TE NS LEROBRE (0), E (1), E (2),

E(Z+1) . B3&kUE N XHOBRE (N) 2Kk¥» 3L

EC(@)=-(V(N)-V(@))/(0.5%W)

E(D)=-(V(2)-V(0))/(1.5%W) Eq. 7

E(Z).E(Z+1) are similar

E(N)=-(V(Z+1)-V(Z-1))/(2*W)
TAFRAEODHEHIERBTICM AL N OWTHELBAD TS AL LIS TH 5,

V (N) BXUE (N) #KkKD2LEOHBOY TL—-F ik Fig. b OFYTH 3,

156@:FOR N=0TO Z+1

1570: U(N)Y=B:E(N)>=0@

158@:NEXT N

1590:REM  EO=UAC.PERMITTIVUITY=8,85E~-12(F/m);Q=CHARGE DENSITY OF TONER LAYER
16808:REM SZ=cf.Eq.1:GE=GA+DI/EI:DE=DI/EI:VE=UBXGA-GE:QS=Q%DT-P:QAG=QS~ (EQXGE>
1610: QF=QGXDI/E1: W1=0. SXW: GW=GE+W1:UZ2=UB-@.5XxUPXSI[N (2%F1 XHZXSZ+PH)

1620: Z1=UZXDE/GE+UBXGA/GE: 25=U2+(UZ2-UBJXxW1/GE: 26=(UZ2-UB) %W/ GE

1638:FOR N=@TO Z+1

1640: NW=NxW:U=UIN)

1658:F0R M=1T0 P

16608:F=S1(M):GS=GE-F:NC=INT (FrW>+1

1670: [F N=BLET U=0:G0TO 1710 Fig.5. Subroutine Program for
1680: [F N=Z+1LET U=U+QF%F:GOTO 1710 . . )
1690: [F N<=NCLET U=U+GSXQGX (NW-W1>:GOTO 1710 Calculating Potential V(N)

1780: [F NONCLET U=U+FxQGXx(GW-NW>:GOTO 1710

1710 MNEXT ™M

1720: [F N=BLET U=U+UZ:GOTO 1750

1730 [F N=2+1LET U=U+21:G0OT0O 1750

1740:U=U+25-26%N

175@:U(N)Y=U

1760:NEXT N

1770:FOR N=0TO Z+1

1788: [F N=@LET E(NY=-(U(1)-U(B))>/(3.5%xW>:G0TO 1830
1790: [F N=1LET E(NY=-(U(2)-U(B)>>/(1.5%W>:GOTO 1830
1800: [F N=ZLET E(NY=-(U(Z+1)-U(Z-1)>),/(1.5%W)>:GOTO 1838
1810: IF N=2Z+1LET E(N)=-(U(Z+1)>-U(2))-(B.5%W>:G0TO 1830
1820 E(N)==(UCN+1)-UIN=-1))/(2%W)

1830:NEXT N

1840: RETURN

and Field Strength E(N).
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5. YIalb—Ya DitHE,

A~ T EEdRTO R F —HFEHR A REA T HOHRAE T 5. AMHERER un
ge-Kutta-Gil | OFECHRE. B 10 *sccBEOBMEARD F +— {8 S
1 (M) EHE dS1 (M) /d t #RBENERET 5. COHBTOI 5D T 0—F 4
“FEFig. 60@ITHA.,

G}ARI>

[Input of Parameters]

Ea|c‘ of GA at t=0] -Sleeve angle at t=0 is input here.

-Coordinates S1(M) (M=1, 2+++P) of toner sheets at

Pile Up Toners on Sleeve,

Divide into P Sheets t=0 are calculated

-Potential V(N) and Field E(N) (N=1,2---Z+1) are
[Calc. of Field at t=0] calculated

-Toner movement in typically 18 %sec is calculated

IRKG One Step Calc.]

with E(N).
Calc. New GA -¥ithin this time GA changes. New GA is calculated.

~-Toner positions and speed are corrected for pene-

Correction of S1 (M) and
dS1(M)/dt for Penetration tration into sleeve or drum within this time

, ~New field is calculated with new GA and new toner

Calc. of New Field]

coordinates

T

N reset -

Recycle Numgé;::> Fi ~ - ;
g.6. Flow Chart of Simulation Calculation

\.\ ,////
Y
END

HRERET S ICHI), BEEBICLOV R ) - 70EED/2HD GA BNTILL. P -
B, HEVELZNS. TOFEIEIC V BLY E OFHBEAEITV. H42K5GA, E Ob&icR-
K-GULHABDHEERET 5, COBE. BAILE->TR, VEANADHEDKR., F+ —Rifm
WMAY —THRELBBAEENICBATZIENEIOT, ZOBEIR. P+ -2 — 7 VIR
HEDOREICBLEDZLIICHRMTA2LIICST (M), dS1 (M) /dtoEsEFLE
Mzl At HEBKITT 5,

Y1ab=Ya EBRORFRO-FAERTEFig. TOBVTHB, RY—THE +122°
TRV -TER2MF—2HR, t=0L32, 8 t20° ho b F—REBORBALE 2,
A =THECELZCADHEDTBRANEUL, M —WRHENATRACE-THEHTZ, 21 —
T FSLBERREZBEB LK. GAOHKICLIVBRABDOL, X ) —7HE -15°
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Mo, K5 LLCERT S hF—E2 ) —7 LBRT 5 b —OHRESMAEE 5, RED
LR bF—D 0.3 KAY—TEIED, 0.7 A K5 L LICHERLTRRNKT LTV 2,
2~ T LOBRIE -25° TRETHBOLENT, F5LEADRLBRI D« EWTH 2,
2 -TREBTHEN, FILBRBEHTEDNTL 2ALRENS,

600-u

Vit K
: gl
1 TR
3L ¥
b 12u3k i
5003 1 H
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g 08
Lt
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Distance

w
(]
S
Drum Sleeve

il
}\
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g
i

i
i
Sleeve Angle in Degree

SLEEVE

YT:Visc. of air= 1.81E-5 Ntsec/m? EO:Vac.permittivity=8. 85E-12 F/m
R1:0.039n R2:0.01lm DO:100E-6m DI:6@E-6m EI:6
Q:Toner layer charge density=-0.6C/m® QT:Toner particle charge= -1.5E-15C
MT:Toner mass =3.4E-13kg RT:Radius of toner=5E-6m DT:Thickness of toner layer=30E-6mn
SD:Sampling time interval of R-K-G calculation=1.5%10" °sec
Z:Number of dividing flight distance=50
PV:Sleeve peripheral velocity=0.05n/sec V@:0volt VB:-5@volt VP:1600volt HZ:1000cycle

PH:Initial phase angle=0 DG:Initial sleeve angle in degree=+22°

Fig.7. A Typical Simulation Result.
6. £
ABETIT-Yiab—Vs vHBERBLVTR, PF—HTHEOHEEERL TV,
ZOEY%T. cDYiab—varvidbwbi¥ Collisionless Limit ©¥3
A=Y vBATHEY. BHE (1) Offokyiab-—Yarid 1. $AME OHTHEN
Al BEEEEICLS I A MBEINF—%2EZS50bE Collision Limit
DPETH2EBRUXRI L LANIL L,
FELE VSRV VEIEENIICT AL AV iab-vay KEEAIHELOEMR.
(1) A7 v v v LVRtB BT ZEAHRI VT4 —EME. (2) R =7 - F5 LHOSH
HZHhEBACHVWI EE, (3) EHFBROBERHSZLIAT, Runge-Kutta-
Gill BEARMT 2HERAMAERNTHEVEATH S, COBBMOMER., R-K-G &
OMEHEETENEL . MEEON L VWEBR E OBMAEH L TOCRKUMMAEL I LARE
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EBOTVELMEING, FIIRIVF Y —BRE, 2 ) —TE FSLDkEX it LTRY
=7 - K7 LEIEMIE 2H/ME HBEHABOMARVELZTERIWEFIALIEMUTH 2, <
DEPRF. HAOREIOFBERTHEEINILR ) — T2 RS BAREEIC K 2 A5, AHE TR
EAéfxm:&&L{ﬁwﬂ&')c&t:#%o AV=T - FTLHEOREHE Z 3. REDKEE.
EHOSO0~100 CHERERNS—EENE, £/, BEZIAMIZ10 5s e cTHRT. Thll
EFECLTHRBRRBIESRVL, B2 —TEERENABIBICBEVWEDEKARICH VIS5 A —
F— Fig. 7T LEULLNTA—S - HREZBABHUDTRETZLENS S,
T. EBERL VI V-V yERBONK

Ko LEREBEO KA+ o _ —
NATREBOBED—H % o Experinent

Fig, 8md. %al % e 4 ----- 'smmtion?(‘ié':ié)wv

—vavid, Z=30 Xui O T Simlatiod (Z-ch)

60 . FARIEEMS 10 ° E

sectl. ACNALAT7TRD Eg B s

e %E 0, /2, =&, ;é |

3/2 7 WHo-CHELE E% -4 ‘
b, COFTR., DM Z o L : Dr}»m Surface Poten iaHfLI
=60TH+RTH3, M., & 100 0 -100 -200[v]
OHBEEERICH O HER DC Sleeve Bias
UnNSA—-—9—3Fig. T Parameters for both experiment and simulation are
DEEFELVY, BY 2 H51E same with those of Fig. 7 except

WFig. 8 othicigli NT=6. QE-13kg Q= -0.5C/u?

BHOTH3, hF—icld 3 2=30~60 PH=0, 7 /2, . 3/2x SD= R-K-G calc. 1%10 Ssec
NI A= —RERICH WK _

FFr—DEABBTH 2, Fig. 8. Experimental Results and Results of Simulation
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