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Abstract

Abstract

Electrohydrodynamic printing technology is defined as the process of utilizing printing
ink driven by electric field force to generate micro/nano-scale jets to print flexible electronic
components, precision sensors, and other micro/nano-scale devices, with the advantages of high
resolution, low cost and strong controllability. The stability of the electrohydrodynamic jet
forming was affected by ink properties, working voltage, working distance, nozzle size and
many other factors, and could be featured by the bending moon surface height and the half angle
of Taylor cone. However, an accurate analytical model has not been established to describe the
stability of the cone jet process. Therefore, the influence law of process parameters on the
bending moon surface height and half angle of Taylor cone in the cone jet process was worth
studying, and an accurate analytical model to predict the bending moon surface height and half
angle of Taylor cone was established in order to evaluate the stability of the cone jet. In this
paper, a stable cone jet prediction model based on backpropagation neural network and genetic
algorithm was proposed to judge the stability of cone jet molding by the bending moon surface
height and the half cone angle of Taylor cone for the first time. The cone jet mechanism analysis,
numerical simulation, experimental research and model building of electrohydrodynamic
printing were researched. The main research contents and conclusions were as follows:

(1) The forming mechanism of cone jet in electrohydrodynamic jet printing was analyzed,
and the method of building prediction model by neural network was presented. The forming
process and force of Taylor cone were analyzed, and the process of appearing cone jet at the
top of Taylor cone is described in detail. The necessary conditions and influence laws of cone
jet forming were explained from the perspectives of critical voltage and critical equivalent flow
rate. The method of training the model by artificial neural network was introduced, and genetic
algorithm was applied to optimize the artificial neural network for global optimization to
improve the model prediction accuracy.

(2) The key characterization parameters of electrohydrodynamic printing were simulated
by the model of "nozzle-substrate". The "nozzle-substrate" model was optimized design to
replace the traditional complex model of electrohydrodynamic printing, and effectively saved
computing resources and shortens the simulation time. Taylor cone produced internal reflux,
and the edge velocity was higher than the internal velocity which would cause a cone jet.
Numerical simulations were carried out to investigate the effects of working voltage, working
distance, nozzle inner diameter and print ink conductivity on jet forming.

(3) The electrohydrodynamic printing experimental platform was designed to carry out
validation experiments. The electrohydrodynamic printing experiment platform was built to
carry out the electrohydrodynamic printing experiment by using different conductivity ink. The
parameters of Taylor cone edge were extracted by image processing method. The bending moon
surface height and half cone Angle of Taylor cone were proposed as evaluation indexes for
generating stable cone jet. Under the conditions of conductivity of 4 uS/cm, working voltage
of 5 kV, working distance of 2.0 mm and inner diameter of 0.25 mm, stable cone jet is easily
formed.
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(4) A cone-jet forming prediction model with high accuracy and low loss was constructed
based on neural network. The BP neural network model with the optimal parameters had an
accuracy of 91.52%. The genetic algorithm was used to optimize the BP neural network model,
which has a 94.35% accuracy. The accuracy of BPNN model and GANN model was tested with
the test set. The accuracy of GANN model in the test set was 94.3%, significantly higher than
89.1% of BPNN model.

Through mechanism analysis, simulation research and experimental research, the
influences of ink conductivity, working distance, working voltage and nozzle size on cone jet
forming were investigated. Furthermore, the prediction model of cone jet forming based on
genetic algorithm and neural network algorithm was innovatively constructed to accurately
predict the cone jet forming under different parameters. The bending moon surface height and
the half cone angle of the Taylor cone are accurately predicted by the GANN model. The
research results indicated that the GANN model can effectively predict the cone jet forming
under different parameter conditions, avoiding a large amount of work such as numerical
simulation and repetitive experimental research, and is expected to be promoted in the field of
micro/nano precision manufacturing.

Keywords: Electrohydrodynamic printing; Taylor cone; Cone jet; Neural network

algorithm; Genetic algorithm
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Liang SPL@E A IR SN T BRI T2 LA G A PR T2, SEBL 1 A B L SR AR
WG ENRR, EDRIAS 2 AR B AR 2R 35 19.42£0.24 pm, L5304 6.01x10°S/m. Zhong %%
L4138 3o 26 T 3% 1T B 7K A BE PR FEL AR B T BRI SIZ BN 1 26 58 08 28 um Hf S it 2 L2548




Bow ik

FARURE T A SR B RIDRS BEAR A in) 8. Wang ZE0751R F [) il 56 A W IR AR 31 77 s BN AR i 48 1
KR RG-SR WROKRZ R, BA e Ma#a5 5, P25 110nm, &
/NEREZ) N 90 nm.

(®)

&) 1-6 (72 £ P A 3 S N 4 () PDVT-10 TEACK/ 49K 1 0] R 051
(a) PDVT-10 WHCKFEFEE; (b) PDVT-10 fy/4k £ 1551 K15
A R 2 A LT AR A () EE A S 40, R IR AA B 75 BT R ) % ) e AR R
AHEIFrIvERe SFE . Li FODN 1 SLHURGK BN (AgNWs) HETZHHL, T %
A okt (PEO) RIGMEE/KEE, AT RAEAMMRLE, #@iddim 10 wt.%/ PEO,
#1457 AgNWs/PEO HLER T4 Htl 5 FoAth e SR DRI & i dm i, 7228 TSR T 1%l
WERTPEIHBNERE R (urer)~ BEBEE (Vi) FFFRBRL Uo/lr) 73318 0.51
cm?/ V. -2.0 V F1~10% Lee 551 F LIRS JymE ENE AR & 18- ) (ZTO)
VEIE GRS (TFTS), AR E I ST RS 208 9.82 em?/ (Vs), IR HLLEL 9 3.7x10°,
BIH LR N 2.36 V, S HEEEmHAH] 5 T 2M L, ZTO M SRS Kt RS 2] 1 B 2387,
i i 1 B DA IE f B e M A5 21 1 3% o Can 250701y YR F FRIRAAR B 7758 EN B AR BRI
VIR, A5 2 MoS: RS B2 5.0x10° 1 E L, 19.4 em? Vs (1) R 4T
EBE, BMEEERN22.0V, TREREN 1.9V dec .

C-coating/MoS,

Pt
= /17/ﬂ

B 1-7 SR R AR Sl F 75 BN A 46 (1) MoS, Y8 i it 4 176)

FLAL A B 7758 BN 138 R A % I BT i ML R PR, A5 P v O e Huang 55077
3 1 — Pk AR S 0 A AT BN B AR BRI N 2 S HAR 1 B AR I

-



BoE i

& (HSS), EAEARL (HifH 150%F 1400 %) FRILHE mhifitE (Fik 320%).
AR (0.2mg) FUESEMIARETE . Yousaf 7S ThAIF ] H — Fofr i M2 14 55 A %
5 AR RS AR F FLIRAAR B 7 S0 14 7 4T B R 46, RSN 1.8 mm<0.8 mm,
TR BTG 0~100 °C, REUEREIX 0.7 Q°C, THRE 1.5%, RENETEH 0%~
80% RH, REUE 85 kO/%RH, Mo L [ FIK S 8] 5 515 0.6 s 1 0.3 s. Chen S5l
H7E PDMS i F 3 i B i BRI 7 2] 46 B IR, R4 (UV) BisS M
FREAE R 2% (DN 2546 BB TR, HAE 335%M 8 R IR 3RE N 0.28 MPa; 2
AR R S0%IN, BT IS IR FE A 1.98%, HLSFN 1.231x107 S/em, M B i [A]
A 81 ms. Hassan 253015 sk FRIRARWEENHEE AR, FIFH PDMS/ - HZKIR G5, FTEDT
5~10 pm [ RA% S5, Fdad chods WAk & 74 () R TR e % T SRR | R 2R
(EIVRI

P 1-8 A LIRS A WETHE AR 5 (R RER A R 2 P15
1.3 ST UREL R A e EBL B T [ Y S SUBR

1.3.1 AEZIPRIE FIBT I IEIR

AT 4% #] (Model Predictve Control, MPC) & —#eift i) 2 4 8 id FE 15| R4t
FER B FEZRER, AMUAEE AT BRI &, 1058 8T TUH B i A e B ko H
FEHIEHER . MPC O T H A B Gt /AR S MR R A Sk B AT b A, IR Tl
FEAEA PRAL & b B me 8, AT AT RIS 2 A A SRAE I TR) SR A S B AR S 2R B 3 Ak
v KA o e L% i e B2 o s s B S I S R Pt I s A 7 T et 7 R A A, 322
BRI VE RN TAR G R Al - A AR 7 R 45 4

HEN KBRS, N T AR 2584 (Artificial Neural Network, ANN) Z5 VR i 24 2]
(85%8] (Deep Learning, DL) J7VEPE N HAH # 52 V) 3 R G470 sl BRI 32 %7,
FSCAAS RS N2 ) B VR B T R . MG E Y S, i AE T FR B, ANN
IR 28 S8 K ] DU SRAT = B AR BN S % H DG R B 891, SR 2 I B2 W) B R G AR
JEH R a AR T R, T FR B ) A% F A 22 9 26 093] (Back Propagation Neural
Network, BPNN) B & 25 249491 (Deep Neural Networks, DNN) KA #& 4 N\ 5 i
GHEIFSE A



1.3.2 HESH AR KA e HE Dl A AR BB STELIR

FH T LA 2 7 vss Bt R HR HE S A s AT LB s R R A SR R A%, ME LU ST HES U
BB . PR, BTN OB SRR S TS AR A5, #IR &S HO
FELRAR B 5 58 Bl A5 v SR R R M 2 R SR s PR RE M A . M AUE 250 A 5,
WERT DAFE O TS BOR AT TR0 St s 2 () M 2y R B S A 1, T DR AR St IR 4
Mk EE T 2S5,

FEAVE NI 7 TG TTVERR AL T TR, YT IRER 5142
BHAKMMEET . Laurila ZP7F] H SZEG 1327 (Design of Experiments, DoE) A4t 11457
TIER T T T EDS B AR w58 (E-jet) /r#ER A2, @IS, MEHEE.
UEEAF F s AT DU AT EN S B E A TG, AR TR G 2k e FE I et ALY, B B
94.24% P HEFf , bR#EMW ZZ N 1.05 pm. Park Z5P8IF| I ma B[ (Response Surface
Methodology, RSM) EHAL R EEER )& R (PVAC) MIGUKA 4R 2241, FF
M =B 2 R B 2T 4 B 5 A AR S Rk, AT i 41 4E B AT S SEER A5 RV &
4. Doustgani ZEPNEFEH A H B v (RSMD) BFFL L E SO0 Y7 5 S N B gl
KEEBR A (nHA) EEGUKA - EARN W, FH =20 m B E, R
R?=0.96, T4 55505045 ) &R LA . Bu SR A 7 R ER T 7 122
OO R — i LM (PVDF) WAt RER 520 o SEgm 28 AR HH, S0 (1) 41 98 B2 5 S o't
P58 VG HT . Naderi U@ MR VE (RSMD) RN T R BT 221
TESH, B OLEEMET (Central Composite Design, CCD), PAAF4EEH AR AWM
SN, DI SHON TR, WRIEEKH e N R, PIERCRRF . Wu ZEONE
ST fETAG ) Melcher 73 HICRE Y £ 5t HE SRR R L 7 T B R BR A2, s acd B 4 A 1 SE B
WS, SHRER IR THIHE BN T .

e Ik e S TRTAUA G5+ 77 22 53 W 35 T BORE RIS B I A% Hh 2R B A T B S RS i S IR ASE 2R ) 40
EREEAAA G 5, BRI AT . DRk, 22 AL A% 2 2 S T RS Bl Tt A5 2
Mg sz, BB hdm 7B T HER 2 . Teracitano S5O HY — oA A BRI
WER A BINLEARY 2) (AE-MLP) 2400 g5 22 & v o3 dfr, ATl 97 22 52 15 5 sk,
TR R =L 92.5%; MR TERMZLM L (Convolutional Neural Networks, CNN) &7
A AKOR PR Y 55 8 M . Ogunsanya S O2UE FIATL &8 2 SR RUAIT 5 1 5510 Ja8 14 0 25 TR A2
KRR, W R EFMEML (BPNN) B8, DAV RHE AN, X5 iR
BT 702K, AU ) 73 RS FE ik 90%. Ball £8UOI[E] IR H BPNN
PR X 28 FEAE R P 2% (GA-NND X FE IR B 5t B I R R i B AR 347 Tl
T, PRI R ZEBIRIFAE 10% LR, FERZMREE R T, GA-NN BA ) Fii 25 51
#hz T BPNN AR, GA-NN FERL P Fitill iR 22 008 2.51%.

gr bR, KEREIT B4 TR A LA S g B e A2 R0 RS AT ER SR % B B2
(RIS SR A o HI, 0y 8 PR E Bk R v F A 5 HE SRt R 2R Tl A Y () 9t 55 7 T AT
SRAFAEMN T = A 1a) .

(1) F2E HESHR Y BRI 78 v A 5635 o E FUmE Bt A2 o, BRI %) e 2B 32 31 A



P

o A

ZRFMGTW, HATRIP R 2R PRI SE, TR s 3T BB B S0 S
RIS, TSR SR = AT BN 827K (K 1k 2 KO A S AR A0 B 2R R 7

(2) WER IR AR E HE A A RAE BRI I T B R A B 2 5 8. LRI
BIF A T ERRG R RST BRAT BV A% 1 B8 FEORRAEAT BV 0 %, (HIEL IR A REHERA
TR T HESF IR T Y, R U A 5 3-SR B 8 A I 1 AR AR S SR It B B ) R AE B AR TR 7

(3D e A 2 ARG A S U P TR A L R T AR R p R S M [l 5 o 55 5 %
REA BV TR ARSI, RIEM B AR . DL, 7 ZR R A
—RIREAE 2 SRR N SR AR ST I U, N A M 2% B
SR AR AR T AN SR — Pl U AR T B

1.4 BBBT A A R EIAR LR

1.4.1 REHANE

M TR A B HE S R B i, e B AR AR E IAE R, RN E R
P, REEZRERKE . 7RIS T ESBOSHERR R R A e Pk B s e,
AW FCIRN 73 M7 28 B4 1 52 F3 0L 2R DL K e e A4 3 g it B0 AR JR 3, SR Al COMSOL
Multiphysics 5.6a 1 FAFREAT RIFEAA S 77058 BRI Lo A s 3 15 4 R A4 23 5
ERSE0-F G BT SEIGHT I ST T 2R B 5 AR SR A IR R 48 X 2% BRE925 )
FESH A A Y . PR R AU R

(1) PRI BT B AL AR B 7 W5 BT A Jir T DA Ao 2 o) 2% 3k vy 3 0000 [l DA 7Y 4 5
IR AT N R ENHEREAT 32 108, T W ZRENAE K LB, o b AR e o AR
I BOIRES IF HL VRN B A E S B0 HE S I 2 SR e PR R RO o 52 Hh A P 30 4% B0k
RACAPZ WA 2% BT, KT v R 23 P S U0 R R Tt A 2

(2) Beit “mik-Fetk 7 LA, I iR sl 7w ENEUE A . ilid COMSOL
Multiphysics 5.6a i J A REXS A S] 778 B HLI7 9 5 5 3Rt 3 o A AT UL L
FL IR A4 B 77 g LI A R FR) E Ay 5 20 AT 5 s K AR RR 20 A1 e % LU I AR B2 B 4 5 HE A
MHE LR . I EEEIUEE Ak N AR TR TAEm A ANHES58EK)E
PEXTHESHR I BBIRE I, ARG it E S 4

(3) JF R ASI W ENIIEVE S 3 it /e, IRFUAF L ZSHOSHER R R 55
SEVERIFE . FA 2 T RS W ENSES T &, JFR— € EE B 9 =B NaCl i)
LB TR A JE TR ECA 7] R S R T BN SRk o I SRR 7T 14T EN SRk i 38, Tk
FEL e DA R 5 S RS R AR 30 7 st BV R mh 25 i 1 v J3E DA B 2R B A A i, O
WL et T2 HON HAESS U A I A2

(4) BN BRI 1 5 T Ph 22 I 4% 55 10 4% B35 B0 R R A 28 T A 2
A LA B0 775 B SRR T ST RS R A PR R (KR AR s SR DAMERA R S 45
FRAF I RA R S R TR R SIS FE I PP T h s 255 T M2 Bk S L 50E
PR T e . RS BPNN 5 GANN HEFFIA BB O, e A FAS I
T PRSI R A R R

1N



1.42 FAREKE

WRYE TR T A AR, MHLER M BT SR 5 IR mt 7L U5 i, il
TR S A BOR BN 1-9 Fron . PRI EAARBOR B ZiR an h -

SR R IR AT U R SO ARG JREE S E AT TR, 3R PR A
TR . FEHTASI 722 B BRI _E, BB 1 LR Bl 0 8 BN AE TR R RS 2 i 3 00K
IPCHs, Frothr Bl 7 iR sh 77t B [ A AT FEBCIRAT RS T BLIR . SR 734 7R
S @SR B SE, IIGREE SR T, IR B AT LA L, e
AR TE N 2 S BORBR LR o

S F AT T HES TR K BB SRR IR R Y 1 s SR A N A R 4 1 5
X R BN HER T 32 S0 M, DA T HEST R LR, OF ELVEARIR 1 MR S 2 e S
TR PER Berh SRS RS PRI A 3R s oot 17 N e e I g M i SRR B (59, R4
H iz P A% S0 DA 20 DX 23 35 4 DA v FLIIDRS 22

o — B HES U A S FEREAT RO B, R TEAN R L 2S00 R e HE S I
FISEM R . B B “WEsk-JtRk 7 MR B S a5, TRIAUREUIEERE s $RH fiAt
PRZh FyWE Ny FASAN I ORBERAL SR b s WEFC LARER S . TAFHE . WELRST L G %
X HEST R SR RO SRR, A5 H o AU

5 DY T I8 I B VE SIS IR FUAN ] L Z 2 H0N BHE S LR A b A e PE R A . £
SKIeT & BT IRUEE S SREUR AR RN B RO SR IE S A, DR HE )
Fi1 VA K5 T e R VPN S PR A 2 R P SRR e I s RT3 R E . T
R B A S RS Xk FRLIR A4 3 7 5 BV I R mh 25 A T e 58 A K 2 B A A R 2 iR AEE

FhES G BP MM L B FIA A 1 s R AR A SR
B S0 MR ) S A A U A T T A R ) B 2, R R IE e Jm o N ZRER . IR SR AN
WS, ML T BP 4 4 LS AL SR I HE N S R AR A, I 52 A R
FERERITEA Fabr . e 2 fs TSR I 0 BPNN #5785 GANN R f) FIRS 2

FNEEIRBAARRE AN R B A RREE.

P A 3 Vi BTV S 3tk 2R T A 2R 7 A B S BRI

! I I !

BLELS BT 5 £ S5 B gk
TEwAa e || || BERRRE || [ EREREE | [BPRENERE |
I N 2 i VT
\[BctEm 2 e || R || [ T 22 B | [ GATLAMZ iz |
| ok )| ekl || | ke | | ks )

e R (1 SEERT JAT AT TS Y B A3 2T AN R) T 20 IR T R o0, e 17K
BB O SE AR B R PR SCIRT T

Bl 1-9 BOREEA
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SR ARSI mE EATLEE S I 2 T S

BT HERESNDIEEINIES A M &N EE

AT TR HEN RN S 52 F3 008, IR 1 AR R e HESR BT S Al 5 R
FAFAIE SRR AT, JFRIE IR AR RS RS AR E R A R . ]
I, AREEAR TR AL S AR TN AR R (K53, IRt R g A% Sk et a2
R0 28 SR v TS Y R VR B 6
2.1 EFAESFIBENE IS EA
2.1.1 FEERTEREZ 155

FEv R HIE RS, W8 T AR RO BRIE B0 1B I HE I e A8, TR R i, 1B 2-1
PR N HES R O R, e DAL B RUARERFSE R R IS AR R, 2 RARAL, i
PERI R S AL Y (RIS RED , JF ELAE WD T ™ AR AR A (R S o o L 1 A ) B OK SR

T34 AT, R AE S PR BRI N FE SR KRR A LEIT RS, 1va 45 VR IE ) T ) 2%
ENHE T R, BB HE R I A2 B T HER, Ffﬁzﬁiﬁfam

”N'ig;“'¥,7\

A AR B AU B B

P 2-1 HESIR I Y I R

HERF TS 52 22 A TR A AE T W06t DAL SROK, 52213 B 2R 1 R Fof L Ay
I EHER, ShESm s AR . B 1. Rilsk 1 5 E/%E2 A N 3EFE R
o 1 LIS B /IN 5 SR K45 B E IS 1 T » B P37 B RS0 KT R I 5 L IS Ve I
L3 7 SRR T 5K ST AN E TS5 A BR,  [5 FE VR ) fE LA, IR AR SR 10 T 7 A A
MR, EVHERR, B 2-1 P R ZS BhHERT, Taylor #2371 R T 5 Fe
TR LSRRI SR Ve 0k 2-1 FroRb:

4H2[ 2L

V2= 72 In=— — —] (2myR c0s49.3°) (2-1)

H (2-1) H.
FFEMEEE, m

L WS, m;
R ISR N AR, m;

y —— s/KAIERMTK /7, mN/m;

19



SR ARSI mE EATLEE S I 2 T S

K 2-2 RN 10 MnEE-, A2 DAREEER T, AT —Fhalds
TR . A (2-2) RPN L ZRANM, PR R, RIS S5 E N
BT B IRR K A MBNE TG T7, T EAEWIE 5 B AR (8] it 0 AL 06 5 (K L3 o

SE Y

2-2 RYMERZ MR E -

2 (2-3) FLoRIL I TG IAEIRETT R L SRR TP, X2 ke e 2 8
HER) L EAK A

Fy+ F;>F,+F, (2-2)
— O- —_—

NircosgiFT (2_3)

F;— F,=ma’ (2-4)

A (2-2) ~ (2-4) .,

Fg R 77, N;
Fg W28 ), N
F; LKk, N;
F, FETT, N;
Fyn —— &S], N;
Fr PIr #3777, N;

o —— RINKIIRE:
—— WIBENAE, m:
—— YL, rad;
—— VifkPiE, ke

a —— WARBIIERE, m/s?.

HI SRR, VA g 2GR, A T 4ERER RS, RYHER R
I/ o SR ZR ENAE 1 HE A T AN 22 B BN, 72 HE A 80 B — 8 R BE S AT 1ok
N, PSR R AR R R . R (2-4) TR IR ZEENAE AR AR YS E ZR DR T
IR J7 )il X9 2 Li S5 52 H B 22 B HE 8 mlym BEAe U1, BIFE R3] 18 BE 2 S AN T (1)

3 o >
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SR ARSI mE EATLEE S I 2 T S

SKAET, thsmrly, AEASUIA R IR, WA AR B R T AR A D A RO,
SR REHER AR I, B B EE N RIS RAR P ARSI, R AR
SENTERSZ RIS ZREhHES “Aakd” HEE, ROZEHER SRRV, (500 B i
RIS AL, HERFWISS S5k B 5N R E ORI -T R AS E R EDHE, [z, J/h i)k
W5 B IR ZR BRI 9 B o

FE I RIS, VIR i3 J0im KT 3R K 77, Z8 B HE R 3R P RS AR &)
B, DU AR E BGRB8 S0 1) 3 T 1 AR 8 S IO P 2R AL, B 22 S
RE o AEBIHEN DI — MK 77, FIRE R S SRR AR EYE, 5 T Pl B
i R THESHRUIRE D -

Taylor X L RIS T, W i 2 7 AR SRBA R HE T OB 581, JF i ar ey,
AR TS G A L BT TOUAR 9 K /0N o Taylor WA A7 A8 [BUHE TR SRV 75 838 2 o T~ AR = (1D
W SO 2 M TR EA — g 7, (2) BIglEE. A TR HERNEE, &
SCRSFRES H AR A 2-3 o, Kb IR IZINNEEN o, r N R B
R B ARSI E, 0 WINTS A RZ VLS I 5 e

A
Dy

N

P 2-3 Bl FRES H AR A
AR r IR T ro 6, AT B L EA 2 Laplace A 3\:
¢ = +/or ¢(6) + const (2-5)

Hordr, const W, VWEITERMETK /. Rk AT 3L RIAE R 38 B4R

A, VOIS H AR A B[R S, A
p(0) = Py scos =0 (2-6)

MR Legendre 77 P21 RE &7 FEPOIRT LARAS 0=130.7°, BRI, PRI N A2 4k
FAHER KN N 49.3°,

ZEEFTIR, ZRENHERI AL 2 B 2 A TN ERE O, A8 FL3 ORI AE 22 B P 3
AR, BEAE RIS, B SR, B RSB, BB TRE: RERY
HEREHEF Oy 49.3°, DRI ZRENHERR AL T [/ — 559500, BN ™ AR R AR E IS -
2.1.2 HESREEZI ST

U0 2-4 Py i AT B3 5 BEARAGIN A A (Y SROKIR B AR T DL, 2 I ANAFAE B

1A



SR ARSI mE EATLEE S I 2 T S

RN, BAHE A AR B AR s R I sk 7 Ja i i, Bl S K IZ T
IR AL AW IRES o IBHTIG K L3, R S A 22 B, BANE 1 AR AL 37 7
RIS EAE - NS 0HE, BEA RIp gk SiE R, MRS AT E, BIGIEREHE
PR T3 55— MRS 1 0 B0 AR AR IR SR CELmARE A2/ 1~2 MRS . H)E
BRELIE R, REHERI S R BZAE, RERNBIAT N, W 2-4  Fros B BTR R
B2 AR

Q4 Q
l il
gt S5
RE EHD#E R
S C RS R
 /
& Q/ Q/
v o l l
i LI L
3] ,

lQ
u/ﬁ]fg \\/ ’ ,\" ,/ ]
y 4

e :

B 2-4 SR HELI7 9 R AR I A 2R ) SR K R Bl A AR

HESHRAE IR, S 2 e ) Tty 7 AR R SR ISV, SRR %) R I o R A ) R R
FLPHZ . VIS S E G I3 hn . S de i T R 37 98 T b A S A BE | 3 DR T G K
KR TEBAE (B EBCRIMERD> T I BERAE R, D0 S I i B4R A X ek
/AN, RIS, ot SRR A i 5 1) FEAK 7 [ B3 B G . AE FIAERT,
AR G )38 B ZE AR A e AN ], S ) FRAT AR sy, 2 B kA
Feoe M RN, HAE 7 2 R 2 P2 AR AT BN, AOR IR ST BRI 2 38 oA
SE T o 7E R FRARTAE T 5 2 B [ L 25 B AN RS M, SR S Ao e AS [ RS R 4R 20
BRIk, 7ESCRFMTED . FMEZE . 722 R Y IR B SRR i . P AEAT B A
MBI SE R R, s AR E HESHRUIRAS AT & 70 PR I A G AT AR 2 — AN BRIk

VAR AL BAR 2R 25 A T O T P BRI R T RTINS R RB A A BRG 2 T 3R
TR I AT Z e U790, 3 S 90 2 T A 9 1) R T 82 ER SRR Bl 7 AR ) o 220 M K R 3R T
Cehakipge) PIARMER 5K 1G5, e RBEAM N R 2L =1.89a 1
T o KT AN LS, SR I AR T SR i, i sl st ok,
M X MPLB IR A HIR R AR R . /= AR e HERIR S, 2R Bk N b e o I —
AN () HESR TH ) FRIg R A A R, 7 AR B IR A ORI DA R UK H . IR AN
Frb, ) 1n) 375 734 2 80 HE ) 2% T FRLAT 7 ) 2 S0 T, VU A2 08 1 i ) ) A 368 31K
b, HEERHER AR, HRR. M REA R R BSRR K H AR G
HUNER 2-1 Ais:
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SR ARSI mE EATLEE S I 2 T S

R 2-1 =R RAEA FMER T RO BRI R AR A

BL% 6 o B TR A e
% “\/‘ ‘\
FIR TS A
RHNER ) o WA g 49.3°;
s T
REEAE e kﬁﬁfﬁEﬂﬁ RS LR ek T
, s o
B AR B F220 10%
(055 AU A IR
ety VB RBATERE. AT SRIE ARRRE
CETET e R F T L 77 H FIHETR IR SRR
eI 2
b5 SEaMIIEID
s R R
- - EVITSEL SN ) S
REMRANE W R ek %%Ei%gg%ﬁ ﬁigzﬁm%
NTF S O R, o S :
K € B{E

2.1.3 TESHOTHER AR R MR
FEHLAA SN F s ELE R o, HESS T ) O AR E 1k 32 7 2 IR R IR T R 24 (O
s . TARRRES . HARAEEE L) SIS (RS WME (K 454 S b i 55 ) ANkl
S FTENSRK MR GK /7. RO SR BN MR R e M A — € fom,  JIffx
LM BT BN 70 R R 59k, HESS LR AL R M A 31 a3k 2-2 o .
R 2-2 HESFIUREL S R R

FLL A Zh g B i PR 3R AR S
HL7 93 5 BRSNS EAR . DRI
TEZZH M3 W85 7% 1) e J5E M8 % 20 o 5 5 PR 2 3 BUR LA E A 15T 5
MRS . A ) B 25 B BE TR, SRR AR E -
LK B M RS F) 24 740 M PN AR )N, D e R
M W PRI 2 NG HGE S SEAT M I A -
KK R ATHK,  SBJ0RR X JEEOK
- R B PEROK [ 82/KAEE BN R v 53 7 AR AT FR TG 5
R Bl LI s SRR B 2 3K
LR HEL S R R E SR AR BB/ o

W% S FH AR IR (1) FEL 37 9 P A2 ) TAE e . TR RE 25 R N AR RS . A B N
R, £HRINER T SERREE N — NS A E (5 &R ERSD. Y
ORWGE M H VAR PR LT IR, 25 ) T PR T4 52 B RBR, T N I Biping » LRI (1 B 2 9 i
FRAE SR A I S R, T AR AT

1
VC:(2yRcos0)zln<4_l> (27

&o R
x (2-7)
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SR ARSI mE EATLEE S I 2 T S

Ve AL, V;

0 —— FREHEEHES, ©

€0 AR, —MHEL 8.85%107"? F/m;

27 X0 (2-1) Bfbfa, B v sy, il a1 TR
PR LR, 2 (2-7) AROL, FEAEHERTRUAIG SR SR AR L AR K ). T
EFEBRSESHORREY] . FHAATE B R BN E On (52 3 3K 1) S 3%
FERIRZm, Bk n] DL R AUl

_ o8

(2-8)

i (2-8) .

o —— RKIMMTKI, N;

K—— HS%X, S/m, —BKik K>10* S/m;

p —— EE, kg/m?,

Kl 2-5 From o os HEST R AL 261, AR TAR SR A 2 S ECHE ST U AL 26 A 1) E-Q
Bl AL, B 2-5 (a) A2k o X s 3 v] DL AR R e HEST A -

(D M55 E O /DT B/INRE On b, ABETE R E HERHR, 27 AT E SR
A, wdEzh. dhakbkehSE . S B ORH R, R R TR EIgh, BTS00 E
BN, HOMES ANORE R AR, sa Wi B R,

(2) BEYRE O B/ MiE On N, HEhRHY E /T A ms B, I
ANSAEMEE H AL P2 AR ST, B S AR A P AR R T T 15 A S PR I o S
E/NT ISR Ea b, BefE A 50, (B TGERIES R RIRRE M, 2/=4% H i
3 X SHRSERN BRI R s SR H R g E UG S iR E AHEEI, 1
I ISR B TR s A LB R E i KT IR g B, i, HES RIS,
H L2 SR I R B R 7 AR

(3) MERE O KT H/NE Qu i, BB RSN 150, Josebrfd AN E .

E A 3
HEh A
BT
S
X
NS N w
E T HE S AL X 3 X
M|e— — — —:EJ l -
| e HEAH R
| kA AR E
I
I 0 1 1 1 N 1
L > 2 4 6 8 10
? Qn Q i HQ [mU/min]
(a) (b

Bl 2-5 HESFR AL E-Q &
(a) FAEMEST LR (b) Fasg HEH At S 8Eah . sk ASRasE 1k

17
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2.2 BAERERMN THEWNERT A
221 ATHEMLE

NTAPZ 2% (CANND S&— M E M 22 0 28 S M A D e i B A AL, w1t
T RS T EGE RN, ANN [ TAR R BRI T A e s KIEFE S, RIaEH L%
RS, foe e RN ERAS 5 R 4815 SR S b N b o) 1 2245 F i 1 2-
6 (a) o, FINZ U St 2 MR 1 — DR B g i, RS
SERMAILTT, MRS RS R EOE . W 2-6 (b) Fros, XMz
15 o R i I T S A\ RS 1A 8 s s B0t BT ok, an=k (2-9) s

yf(z;(xnwn+b)> (2-9)
X (2-9) .
[ —— WOEREG
Xn FAA TS n MIASHG
Wn XiF N4 N 2 B AL 5
b — W&

E N SuR il LA i VTN Gk IR & AN s e 95 'E | B2 VS G| DA |
ZMER E . ARSI R L M A5 5 DU R 4 N REAT Tl B2 PEAR AL, AT
ARG, WEEEREARZ IR REIR LKL, AR HERTE.

BAE O EEE (REE

X1
Wy

Wa

i

LIPN

X3

(b)
Bl 2-6 N A2 9 4% 1) AR 5 22
(a) NILMHAEMZLER; (b) BN MAITEN
FEN T AR X 2% v i FH B30 B3 22 Sigmoid. tanh. ReLU 4%, Sigmoid B
T LR S N BB SE RO B A AR S B 200, 1VEREA, B AEECRE, ik
[l —AMZET 1 HME, AR EBUNE, MR B —EE T 0 i9ME, Hek kil s ns

(2-10) 7R

1
1+e~

f(x)= (2-10)
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tanh PREHALT Sigmoid %L, (HERERKEIGSRI[-1, 1]7EHE. 5 Sigmoid K%
FEEE, BRI BME R 0, (115 HURSCHEE E L Sigmoid R, JEUMERXEL, HFEEH
[y Il AR IRAFAE,  HpkBRE a0 2-11 Fiios.

(e —e™)
0= ewe

ReLU %72 H BT SO E BTG R 2, ReLU BREE x<0 B, HitHaa4&HN
0. HHT x>0 i, ReLU MR FECH 1, RIMRFFHIH A x, Bl ReLU RRELREIEAE x>0
I PRAF AR FE AN W 208, AT Aok P9 e ) T, S R pRie S i, e A 3t 40045 ) A
O8] ¥ T M TS R, Hsgaek X 2-12 A

S (x) = max (0,x) (2-12)

5 RN A 2 I 8% e 3 2 1) H 1 0 A 50 452 2R e ¢ J H A 5 S8 B H FREL 2 18] 1158 22
JRATRE/N, XA FRRI R 2 I A4 77 ST, ] 2-7 BTz A2 4 o 28 1 B 1 2
e, EHHATMHEMZEIIZRE), Sl AT IEm AR, HEHPIMEES BisEt s, =
RN A 1B B /MR ZER, 75 B R 22l R AR R Be B 4 T Bt AT AUE
PHMEIE, FEFTIERAEFAREEZERE, B REN ST ER. fEXN TR
W, BB R BEVE — MR R BT R N AUE, TIERRE SR, AUE S RE R
& ) 24, Wl 2-7 (o) s, {ERBRE NN EEH 2SN 7 FHLEEE R 0 1)
M, XA SRR R IME, AT bUR AR AME, WK 2-7 (b)) B, SRS
R HUE B8 18k S 12 22 ZE AN R i /ME, AR 2 R f/IME -

| Wi Wi Wis I

_ [
: [xl ,xz,x3] Wa1 Wiy Wy | = out [
I W31 Wiy Wss |

=2 - sigmoid (2x) — 1 (2-1D)

Rt B M

—_— e — —— e —_——— =

i W W waT e
11 12 13

| R I S R /ME

| [xLx,xs] | war wa was |=out’

W31 Wiy Wis

(a) (b
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RN JE AN ] JE AU S
P JZ 5 BB S

B 2-7 FHE I 28 SRR S R T B
(a) BUESBMEE R (b) BRE NI HEMEERE; (o) e iAiREA;

2.2.2 BB HZ 4R Bk T4 SR AR B A

H - N A W 2206 T I BUE 70 808, BENLII BTG BUE 5 18 R 2% B\ S 6
ME, FEPE LB P AR iR 2200, B AR B Dy 1R B AR B I R b 4
T A ARI AN, GE HIB AL SR 2 4, 1SR 2k B HE N BE ), B
PR A 25 HIWCSIOE BT TR1, ACHIE FEAE P 28 I 2% B ) At b ds gt A% Sk AT 0L
PASE i R R HERA S . {E BP M pegid e, BAUAE AT L% 5 I AR R As B i v
AWERAUE S W, R0 R EIZRdFE b 7 2 8 S e B s, JF
A U A 2 B G 1 0L R, (AR R R DR B R, R AR
BEAh, f£ BP fZ I Rt e b gl N AL 50k, I SL R gD, e, S PA AR
St AR Zhk, FRIRA R A, B e T PR HE AR 2k

AL X FRL YA A4 S 77 g B I A v R S IR R K i SRR RE B B B 18 3 B LA SR BRI
7e, USRI T ESHOHHR A AR PR, JF AT Seg0 Bl il . (H20
TR R IR A FEE AR SRR R R A R A R A e VERY B, HL A2 B R R 22 ) AN E
SN, 3 BSCHE S RS RE R R Ay S e R . AR FRLR A3 Ay N A h T E S
XF SRR RE P A , TR A 22 W 2 AR () Al B R ) g A% SRV A AL i e X 26 S5 44y
FESL T HEST B A e I R AR, B T2 A 2-8 o
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(1 RN 1 BFARS) F e B R b 28 B0 AE A ) B 5 52 016 B0, I IR S e
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MEAEMT, 5 H S RSHEEL, REVREHHE. MAEX D SRS, TZ25 (48
e TAFRRE . SR ENE LS ). S (WIMERIZ5H KM &) APk 25
(FTEDSR/KHRIITR ST B HESE) AR SRR = A — e B, I e A B 2
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BT EFRAEXERIEERNTES

N TR TEA [ 2 ot HE 3 00 R 2 o R 1 s i B4R, AR & W ORI COMISOL
Multiphysics 5.6a XS HESHR AR AL FEREAT 1 BUEREI Mo A VEAR UL B AEHE I
JR R R A A I 5 A, AR BE T A M Sk B AR 7 AR BEAT 1 SR R A (R
R AR A BT IR s F 37 56 B AT Skt 10 A Y T v P PR AR AL 1 S e 2R it
RE, JREES TRAUEER, VBT EmEEN seaa it Fe SR At 1 B 1R S A

3.1 NS R
3.1.1 EPGRE

K H COMSOL Multiphysics 5.6a B 3EAT HLIL A B 77155 ENEUE AP A R B G ) 3-
1w, BRSOV ATACEE . BT SENUR AL B =P B, e AT R B 2
BEAT UM, L oM BL B M RS MO E ;BT S B 2 Rl e 2t AT i &
JEATIEAT R JE A B BUE XN E R 34T 5 A 2

B

HiT AL FE

Jeab

K 3-1 B B e
3.1.2 mHTEHIHFE
ARAT] —Feb F A AE R B B 3 AR eh R m] DL SR SE 1 7 FE A B sy 1 T Rk iR . R,
FEFTENREFR A, B K ARSI i SR R

0
LV (pm)=0 (3-1)

X 3-1)

p WAREIEE, kg/m?;

y MRS, m/s.

AHH TN BT AE I SRR AT R4 imdk, SBKEESEUE RN 0, NIA:

V-v=0 (3-2)
Xt T2/ A AT B8 A, HREE Navier-Strokes T2, H:
p%+pv-Vv:pr+,uV2v+fe+Pg+fs (3-3)
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A (3-3) .
p WARNERE /7, N;
u AR 5L, Pa-s;

g —— HEIINEE, m/s
%%Eﬁxjj’ N;

Je

TE RIS W E AR, R A R ), — R ORI
SIS/, DR 7E T 28 1 pg s BEAN, T IR RE B RS, A
RVIAAE T ST B RS, anpdvmﬁwm%ma W, FiEfRe <1, NI
VI pv - Vv B A, 25 Tk, 1T DL RS 7 TR Ak A

~Vp+uVivt fot =0 (3-4)

AR o8 FLIZ 77 2 1 Maxewell 13K B OREh T RS T, HETTT IR N 9247 B Bk 72

BRI f 3 BT R, Bl AT LB (3-5) s

fe:V.O.M:qu—EEZVg—F EV[IO(S—Z) Ez} (3-5)
T

R (3-5) .

o —— Maxwell N 115k &;

Qv — PRIk A (B L 2 B, C/ms
E —— WI#HE, Vim;

&€ — XY %%ﬁ

T —— W, °

*Iﬁ%?ﬁﬁj} SRS B HAT AR F A T I IAE SR, R IR T RS Y
Jila 8 5 IR AR T, SRR ERATIE AR AN O R =R U 4 7,
SRR AR, BRI R P AN T IR Aa A, 3] L2 .

R 5K S TAAE T WA R T B 2 RIS [R] & i AR O A2 S A, AR AR B —
FHPERR, £ COMSOL AR 5K 7] f ATRIE N (3-6) FKik:
f.= Z - % pik;NVa,; +a;p;kiVo,

= 3 (it p) (3-6)
x (3-6) Hi:
o, —— B iAH. jARRARRR L
piy —— HiAHL jHRHEEEE, C/m*;
ye —— B iAHS jAHZ R ) R

RS RE S, RS WAHERAE, HtEk=—k%,, Va,=—Va,, N
A (3-6) AJLATRIAL N :

N



= HESIR AR O RAE R R A 117 F AT

pk:Va,

=iy (3-7)
12+ p))
= (3-7) F:
p —— ZEHAERE, C/m?.

3.1.3 HIGEHIHE
FERRRL R b, 75 AR WSk 5 b 2 (Rt N e 3%y, A 7 R v] DLE I s A 25
J5£ 58 SCRIARA T RE R IR N

vig=—1 (3-8)
E=—V¢ (3-9)
£ (3-8) M (3-9) i,
q —— ZRHEMAELE, C/m?
e I HUH L
¢ —— NHH, V.

4 e 37 J2 Eh KR B0 1 1 T TIOR8, BT EE s, B e A E B R L i
JEH 0, ForN:
V=0 (3-10)
X (3-10)
VYT
AR AT P R, AT LA B Ry R

% — - K(V$) (3-11)
& (3-11)
dg/de —— Fafar E I [A] () AR A0 2R
K —— MEWHESE, S/m;
n —— SRS TRE R

WRYE I B, SROK A LG & SRR R S I AL, AR 5 I S
G, T A A 5 B Y o R A A, AR S VAR 7 [ B AN IS,
N TAEY) IR 7 ) b A S, e A A) H A R R R R A,

n-(eVo—eVp,)=q (3-12)
t-(eVp —eVp,)=0 (3-13)
A (3-12) Al (3-13) -
n ARSI VT
¢t —— A YA
el TRAR A FRLH 2L
& AR L L
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91 IR JT T HL RN, Vs

@2 T E T M RN, V;
3.14 MG ESRHEEE TR

L MR EEER T, VOF (Volume of Fluid) & 774 . VOF 77218
AR — AP TR E S AN R AR SRR, SRR IR B TT RS A TR AR S RS 1 T
. 7£ COMSOL #iftli, — % f#i ] Cahn-Hilliard J7 AR 4) AR HIZ 5, X RE AT DL# %
THAE I FE e R AN E I R s R A S, SRR R R, ERSiELS
THT PR HH R B AN < 1 D ) R

MG ITIER S A RS g, ZR BT E AR, KRR AR, AR
IR F WA 792, MRS o BIBUE -1 A1, Horbel FoR—Miiik, 1 #x5 MR
o SIEPIAHME HAE (3-14) Fios:

F@)= [ 1@+ 3 vs1 o (3-14)

R (3-14) th:
f () —ARFLH HfE;

%,1|v¢| > ZRIHRE;

y) R R,
AR AE T LRI N
Ggf;fw)va (3-15)
R (3-15)
) —— IS
X B-15) 1, £ (@) FRREWEAA A, ATLERAN:
Lf(¢)==4i2(¢2-—1)2 (3-16)
Cahn-Hilliard &R/~ A
%+u.v¢zv. %v¢ (3-17)
p=—V- e’V +(¢>—1D¢ (3-18)
AT, 454 Maxwell B ok B, AJ 15 3] &0 B RiE R -
fe=V-T (3-19)
_ 1l 1 >
T—arg()(EE S E I>_ SeeE (3-20)

K (3-19) F1 (3-20) .
E—— HI7mE, V/im;
I —— Ffr5kE;
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B=E HESHR AR R R AL RS AR U BT

&r 5V GIPILENCE (€
€0 2T HL L

3.2 JUAaTRR Y R ARl 43
3.2.1 B3 Rih R E

N T IR, BRSO [a], AU 5 AR ST AR 2 — AT, B Y
M-SR AR ARG 3-2 (a) B, F TR S 78 B AR i HE S AT i R O B R AL AR
I I3 AR o ACRRAY AR S (0 “ - 2R AR AR Y, SRR ) B, e I DR RSO T

d r‘” 4% .
€ > a b c ih ]
I — ] | ;
| | !
| | !
| | !
[ [ !
| s | !
| L i | !
| | i
' ! Kt it
: : ik
=
B ol TR
| | !
| | !
[ [ !
H
I I i
| | !
[ o !
(. IR ‘
[ 0 k
LM St
(a) (b)

Rl 3-2 FLIGE IV 2 i AR R A
(a) “WME-EENT” BAL; (b) JUATRIR R
AL FH RS LA AR L I ] 3-2 (b)) Frars, AR AR AR AT BN AR K, ikime
DX g5k T DX 42k, 40T 1= 0s I, BRIAWINE 1 AL I7 91 T o AL E LT,
BN INZIA,  HESS IR S LRI 26 A F BB AR 3-1 .

R 3-1 LHR U ERE

b WA
ci A N K E ST #ME p[Pa)
be. ih M5 | B T P v=0, HH e[kV]
ab. hj. jk. al VAN SUETS AN HEKE M p=0, HL# e=0
bd. hg M5 3k A EE T TR, R =0, HH [kV]
ce. if M5 Sk A EE TH] ToiEFe, HEv=0, HFE e[kV]
ef FHS L34 e[kV]
kl I Felh, H#H e=0

3.2.2 RBHBHRE
ASHIE T B P AR IR SRR T AR SR L o ) o s SRR = BB AV, SR AR

YR
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IR RS I i B UK 3-2 P
R 32 TIPAHTEHIR RS PR3 B

‘ ‘ ; N IIBIE w
Ttk TR R ) e % = -

(Pa-s) (kg/m*)
51 755, 1 17.9x10° 1.293
2 W =FIR AV 28.4 0.06 1208.4

AHI FURAU R T 25 A W B AR 3 VA Z iR 1 o X T AR 64, I
1 MEHEE RS, FEERE 1 (p=0), AR 2 MHEHEE AN = EEEI, T8 2 i
2 (p=1); WM TGS 1 Sk 2 A2 Ftm, BIE 3-2 (b)  “ef” Fif:; WE
AR 2 A0, BIE3-2 (b) H “ci” Frifl; WE W H vk 2 tiH, RIE 3-2 (b)
v “ik” S, HORIA AN ERIA S . FiREO T, AR 1R 2 R E S
H W, HIEE RN AN-g const, TS5 KIR y JTmIATR: S INAIEE N 0, KT
IR R B ARKE JTAME, WEAERAR 2 AOME; NOFEKEJIRMEREN 75
Pa; WE H HE/KEIIEMEDY 0 Pas

PRAHIR B AH 32 77 12 AU 72 8 PR AN SR AL RS s ARWIEE A SR AR S SR . £
IR R I AR, I FEPIAHR AR & 0715 B SR IR, R KA
A range (0, 0.8e-4, 4e-3), KAZEAH T A KA BN EDN,

3.2.3 JUATARBR RS R RS BT

N T AER R AR B H 11 Ak FRI% R R 43 A DL AR TE I AR R TS AR AL, 75 BEAE
Ry WUAS I, BEAT AR TE M M. K COMSOL [ 37 1 MR Rl o TR, X “mgsk-J
B RTINS R, ARIE SN R TTEE R E R T 0.1, PRSI ERT 0.9, KI5 M
¥, BUMAEECE SN BA: 5087, 7739, 24719 Fl 86614, #EHLEN 1.7 kV, TAEEEE KN
0.6 mm I, THEWTSH FAR I I, TR AL s Jal 4 ] 3-3 (a) s anf&
3-3 (b) P ML BT 25 5, EVUFORRIASEE T, AR A AR ZEA
IS 2%, WIREMSIABITHEER . N TR E ST RS B, Ik A RN
86614, F TN 0.9301, H/NHEICHFEN 0.7955.

(a)

N7



= HESIR AR O RAE R R A 117 F AT

1800
W A%
—o— 5087
—o— 7739
1350 —— 24719
—— 86614
2,
(<5) =
£ 900
Beed
450}
o N 1 N 1 N 1 N 1 N 1 N
0 0.1 0.2 0.3 0.4 0.5 0.6
FEESL [mm]
(b)

P 3-3 AT R XA ) 2 B AR SRS 23 A
(a) JUMRERIRRE R 705 (b) RS ARALIE

3.3 HESHRBB SR RIL T

3.3.1 FEHHENTER

PRI Li 48 HH 1R 22 S HE P 3B (e e 11 S), 7R AR KIS AT G, 5 S8 /K 7R 22
NN EAT B IENAR, & A IR al, AT ARREIRE, B TR S . fER
P AR, SBAKARFR A0 Be 8 BV 2 7R AT I (8] F 227K 50 A, ELRYE 88K 704 4%
PRI B AR S AS 92 AT, B At S HERT R AR AR . DRk, ARHIF A DA
P IENIAL A A ST A R 2R B IR VP R, I AE A R TS R P AR HE ST

FEN K E Ay 75 Pa, B3 1.5kV, TARMEE 0.6 mm 4T, #EA7HR
) JIW N AL, REAUSE a0 3-4 Fom. M 3-4 1, BEWLER BIAEMT Skt 1 Ak s
IKFERL T —/NIHEIE, HARUG IR KT IOZ0E E;  Aels ] B W2 2 R BL R =4,
XA AT I H R h ARl 1 2 8

1

0.9
0.8

10.6
10.5
10.4

] 3-4 2R B A el O
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3.3.2 HIEE

FEH JIHIVERITE , ARSI AL SR /KRR AT AR, T R B HE i3t — 2D e (e 9 RS
DL Ltk R 37 77 B DR/ L R i 2 P AR B 1 BV R . A Ik AR AR e, Ll
T3 1A R KN se 4 L 9 B HRE ,  HL s EEBIOKC, R BT ) SR K BT 2 (R L3 g it
MR, 5 TR K L EE Ty, S A e it DA . Ik, a7
Y CArR 7 9 P AR DR VAN 2 B HE R S 1) — I b, BEARSRE R, s ORI,
T HE S A, T S R E HES

3.3.3 Bk DA &

M5 Sk b 1 AV 1 P AR AR AR AR 7> B AL I BRI . BEE I TR 3RS, Wik i H
KE TS M2, SEIRES A i)a 22240, B ARYE iz om AR AL Il =
PG OL. AE IR /N, 5 ERE (e AR 28, A RAAR, S KIEER
E,%Hﬁmﬁ%fﬁm,me%%ﬁm% LAER T SR EHE O s R S

» 5 T EERE NS DU G N, BT AL 2 HE R T A e SR, R R,
%ﬁAﬁﬂﬁ%ﬁﬁ%%EM¥ﬁ,%mW%kﬂ PRk, At seiE s msk A AL
= RS SR KRR 3 B A R B R RS H T P 28 AE CHESRAR D« R RIURH AL AN 22
AR, JF BB E S RS E HEAT RN, A RIS TR) 2 Sk H T A Y s R R S RS
HH ARG, T DAl A A i Rl A

3.4 BIMER KT

3.4.1 LAEBERS N 8K AR A0 K55 A TH = B RS

N T R FUIEN I AR BR B SR K AR AR AT 5 H T s EE s, (E TAERE RSN 0.4
0.5, 0.6, 0.7 1 0.8 mm 55, RN =BRSSBT EMD 208, sERN 1.7kV
i FE 3 AR I B 3-5 BT . B 3-5 (a) AT N EL 3O fi 2 P, RISk HY 1 A 2%
Tl b, AR/, AR AL T AL, SR E] 1657V, B E/MELL
TR, BEBEAN 425V, FEEBEE. B 3-5 (b) AR NEEE 1.7 kV &4 T
Wi = B, A FUE R B35 A B H R A 5, 5 3-5 () HHAT
B 7 ) — 5. FLI7 50 EEAE MMt T AR B i KA, (R R A B i /IME, B B RS R
WK, IR, EIEAR IS B M .
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(a)

(a) (b) (¢) (d) (e)

@

e 1.23

1.15
I 11.06
I 40.98
l--40.89
4{0.81

|-0.72
|---0.64

/kV

1.66
157

1.49
14
1.32

0.55 |

0.47

0.38
0.3
0.21
0.13
0.04

/ B

PR/ o/

57/ A \ O\

P\

P ) .
(b

3-5 UK 1.7 kV i B 40 A1
(a) HBSAEE; (b) HIgHti =K

Kl 3-6 N TAEHE 1.7kV 4 ~, TAEEES 04, 0.5, 0.6. 0.7 1 0.8 mm %%
EF, 1.2 ms I HLARS) J1mE el S KRR 0 B A = . 4 TARFE BN 0.4 mm I, 40
3-6 (a) P, WiMEH DA R E, AREERE A, EREEE %M T, TARE
BN, HIZ SRR, D) n Hg i i SR T R I AR 1A T, T s e F
W5 Sk HY AT (1)~ P2 AR SRR BRI G o 24 TR BE B 8RR, 4 3-6 (d) A1 3-6 (¢)
B, TARBRBSHOK, Wiz /NFRE Y] m Hlg A 2 Pl IR i sk ) R gh itk 7y, adfd
s )2 T T AL 2, DR e AR [F)I B] 5620 B = AR i 2 BN . B AR Bt —20
K, 750 LN TEyR R A R 8 KU n) HE 3% ) S SR B A, W 3-6 (D) 5
3-6 (&) Fiw, 5 ATHEIRAME Y, (HE H T e AN

K 3-6 AE LIRS R S8 KARF 0 B i = B
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