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A Proposal of a Calculation Tool for Filtration Performance of Dutch Weave
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Measuring the maximum size of a particle which passes through wire cloth is important for evaluating the
performance of its filtration. Although the Dutch Weave is a popular structure of wire cloth, it requires a special
equipment to measure the size of spaces between wires since its structure is so complicated that optical measurement is
not applicable. In this paper, we first propose a method for calculating the size analytically. Then we propose a new
method which employs a physical simulation which runs on a PC based on the dynamics of rigid bodies to estimate the
performance of filtration of a wire cloth. The wire cloth is represented with polygonal-mesh models, and the particles
are represented with spherical models. The performance is presented as the maximum size of a sphere which passes
through the polygonal-mesh models. The obtained values showed the proposed approach is applicable for estimating the
performance of filtration. As our method is based on a physical simulation, it is possible to apply to non-existing wire
cloths. This would be useful for developing new products.

Key Words : Structural Analysis, Analysis Model, Porous Material, Wire Cloth, Dutch Weave, Filtration, Physical
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Fig.1 Equipments used for simple bubble point method. (a) Bottles of liquid. (b) A holder of a wire cloth filled with liquid.
(c) Air flow. (d) A meter of gas pressure.
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(a) Single Plain dutch Weave (SPW) (b) Dutch Twilled Weave (DTW)  (c) Broad Mesh Twilled Weave (BMT)
Fig.2 3D Wire Models generated with our system
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a) 3D model of SPW b) lustration of SPW(3D) ¢) Illustration of SPW(2D)
Y

d) 3D model of BMT e) Illustration of BMT(3D) f) Illustration of BMT(2D)
Fig.3 Illustrations of SPW and BMT models.

2-3 ZEBR{E & O LEEHREE

22 fiCIR Ao FIE TR LSS O R ARBERL 78 (DU CIXFHRE & FES)  OfE & F2BRIE 2 FLiiRE
T5. BEOLZ A, FRETERICL > THESNTRFRIIH - TELT, BEOEEIAHTHD. £
DI, AFME GENDA—H—I2 L0 X a 7B I TWAE) , FERIE RSN TNT LERA v
NETHIE L7-fl) &FHRME T 5 2 & THREELT-. X412 SPW, BMT OFHHAE (calculated:FEHR) , 2
FME (cataloged:7#R#E) , FEHME (measured:HHR) D7 T 7 &7 . BEOEILHER,HHRO A » o 25T,
a2 v ZIZGEEE O E e, 7o, RHRE L APME, 3 K UGHRE & EHEOMB L REREROF 112
Frwt. 7B, B Ao CARE, ERIENERATLTOBEEE LT, ERIEA) &R AT
IWIRA YV METITo 2R TH Y, LT LLEMREEL IINSTET, BMELSLWRENER S 5. £, ®i
ICEHENLRERELEZOND. LEA-> T, ZOMEIFFHFEMEE O s LTHER LTV 5.

——measured —B-cataloged calculated —+—measured -#-cataloged -+ calculated

5000 0 ‘

4500 + 60 +

4000 1 ‘
E 3500 |

=

E’ 3000 | % i 1™ - : \ .
E 2 LN A
2 2500 i 3 N - N~ \
g 2000 2 ~— ~N——
£ 1500 X =\ B \ T~ _—

1000 N = S— T

wﬂ 10 A
500 T t T 4 ‘..-H '—0—.
00 } | | | | | o | | , | |
8/40 10/60 14/100 16/80 16/100 18/100 20/120 24/110 22/150 24120 24/200 50/250 50/300 60/400 80/500 120/400 120500  200/600  165/800  200/900  250/1250 325/1600  325/1900
Mesh(Warp/Weft) Mesh(Warp/Weft)
a) SPW b) BMT

Fig.4 Comparison of values obtained by calculation with our method (green), measured by a bubble point method
(blue) and cataloged (red).
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Table 1 Error rates and coefficient of determination (R?) between calculated value, measured
value, and cataloged value for SPW and BMT.
SPW BMT
Cataloged Cataloged Measured Cataloged Cataloged Measured
and and and and and and
Measured Calculated Calculated Measured Calculated Calculated
Error Error
5 15 11 52 18 29
rate(%) rate(%)
R’ 0.94 0.91 0.94 R’ 0.38 0.88 0.80
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a) A model which has interferences between wires. b) A model which avoids interferences.
Fig.5 Wires have interferences when a model is generated based on the values of Mesh and Pitch. The shape of a

crosssection of a wire has to be modified from a circle to avoid the interferences.
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Fig.6  Peirce’s model of a weft wire.
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cylinder

e ]

(c)

Fig.8 [Illustration of the interference evasion of the
centerline of DTW. (a) Center lines of two weft wires of
DTW(3D). (b) Top view (X-Z plane) of (a). (c) A

Fig.7 Model creation of BMT and DTW cross-section along Y-Z plane.
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Fig.9 Generation of cross-sections of a wire.
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Fig.11 User interface of the proposed system.
Spheres are dropped on a SPW model from the top
of a yellow box.

Fig.10 Visualized model of the virtual world in which a
physical simulation runs.
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Fig.12 Comparison of values obtained by simulated with our method (green), measured by a bubble point method
(red) and cataloged (blue).

©2012 The Japan Society of Mechanical Engineers



WAHEY I 2 L—a a0 TEEEY ) &0 A MEEER Y — Loz

Table 2 Error rate and coefficient of determination for calculation value(each filter).
“cata” is a cataloged value, “meas” is a measured value, and “expe” is a experimental value.

SPW cata- | meas- BMT cata- | meas- DTW cata- | meas
expe expe expe expe expe | -expe
Error 15 12 Error 26 32 Error 25 5
rate(%) rate(%) rate(%)
R’ 091 | 0.94 R’ 0.92 | 0.75 R’ 0.85 | 0.98

DNZEH U CRREN R X W HFEERNOR0E < 72 o TWVA N, FEHNE & FZEvE & OFEEIA 0.98 & FEH 2B\ ME
oy, WS BICRWHEBEZ R L, fERMERIEEEIL T D Sk S, 24X SPW FEIER, DTW b
X 12b 56 b ATHERND. —J, BMT IZAHBIFER D 597U BMT HEIEITIELL L T2 Sl c X, fifir T
ETORER EIZERIFEOFREREZRL TN S.

INDOFERN DI TETH LN DR L RSO EE R LR D, W OBHMES ST COR A
B ERR D ICE L T IEEAME T D 2 e TE 2, L LUED 3 DA L TORBEFE & DfEET
INTMIE & NS B AN BT, ZO2HOENRRKE N ENSAEEND -0, AFME & FEREOIEHEM: 2%
BLTELLERIRT 2N TEDOMEE DBELIRRT DI ENERIND EEZDND. T LT, &E0HRE
ML LTS ZEDfIRbH D720, ZOZ LICkTIUENLETHD.

5. #%

EHET 4 IV DI KRR %, & ORI SR HANRD D Z & 2kA, BEELT7Z9 2 T3DE
FNEARL, BERDEY I 21— a itk b, ABMEOHEEIT- -, ZORE, LIToOkime5Ex.

(1) FEBEOREMEE AR LT 3D T VA5

Q) RAEYIalb—rar b LTART B RAEMEL, FHEE L CRBERBIECIE R AT 2%
BH¥E L7-.

() FEBSROEMOEBRENIEAAE & RO 2R L, 42 B CR7- 7D FERNASRI BB OFEIH & L
TiHMii+ 5 Z LN TE -
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il
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&
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RBx
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0% = (tBX— (1, +1))* + (Py —tPy)* + 1 (8
THEICBEUTCEREL, t THSYT DL,

2t(Bx* + Py)* —2(Bx(r, + 1)+ Py*) =0

2
o BX(, + 0+ PY” ©)
Bx* + Py’

L. ZhEROICRAL, OC=@tn) & LTEEr 2Rk 5.

BX(r, + 1)+ Py’
BX + Py’ (10)

e _(Bx(ro +1)+Py?

2
Bx? + Py?)+ (=2BXx(r, +r)—2Py?
BYC + Py’ ]( y ) +( (r,+1) y©)

(r, +0)>+1° +Py? =(r+r,)?
INZ rlCHOWTERT 5 LI TFD L9 2T s.
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Fig.13 Specific figure of calculating sphere size(BMT)
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