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Accurate mathematical models for capacitance sensor with an arbitrary shape structure are available -
Single planar capacitance sensor is a kind of high-precision equipment which can be used to measure wood
moisture content - It is a special capacitance sensor with an arbitrarily shaped structure- However it is difficult
to solve the partial differential equations involved in the mathematical model for analyzing the working
conditions of capacitance sensors with an arbitrary shape structure. For a single planar capacitance sensor its
precise analytical solution cannot be resolved. Therefore; solving the mathematical model for a single planar
capacitance sensor is the main objective of this paper- A single planar capacitance sensor with its specific size
was taken as an example in this paper- Discretized differential numerical analysis method was applied to
construct the discretized approximate model- The model was convenient to solve differential equations
developed in the past- An approximate model is adopted to analyze working conditions of single planar
capacitance sensors and to find the relationship between wood dielectric constant ( € ) and the capacitance
value (C) of capacitance sensors- Findings from this study can be applied to the practice of engineering and
the method developed can be extended to single planar capacitance sensors of general size and structure-
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FIGURE 1 Sketch map of a single planar capacitance sensor
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FIGURE 2 Electric potential field at the edge of board

L)y B e B A B AL e A fis O . n
2, A Dol AR B MRl O A
H1 T RIE P TC A iy DA f i e B

i@g ERds 1+ eEkds =0 (9)
as UBS, Uan, as UBS U,

K Bk, DS, AS, Ahy (AS, AS, 735 S IRIAERY
i Ar AP AS, (AS, FERGNA 89 SMEL, P
AR Ry, T BAE A A A RS R /N PR
Ml AS, AS, SERBr/ANE . BT A B AR A2 1)
TEN A

é@géEds + i@ge];ds =0 (10)
h h

e P A B R T DA

é@gé 3—‘;ds+§@gsg—zds—o (11)
CTEMERY
35%&+53Y5:0 (12)
st 5 S g B R AR A
PRSI A,

2) ek 5 IR R AT AY f Ak BB At O . 4
B3 B, AR ARS8 8 M a5 D B0 Bk i
AS L EAEGIAR SR 735008 ASo |
AS:

3 BElABH fAL RSB A
FIGURE 3  Electric potential field at the angle of hoard

I T BRI T AR BT DA H et o B

Sy S

HI RS IR S R T AR R

J J
i@é a—zds—kﬁgea—‘;ds =0 (14)
LR Y
_dV, V:
7eﬁ+ean20 (15)

R SRR LA (s 7 R L A 2
I3t

RS M S B0 5 S 2B K Ay Ay A
FE4Y N



138 Jb o & A ok % % R %31 %E
57 7 J?
Jreesy =
V(xi"‘Ax’%-’z;]*ZV(wawz/]+V(xi_ﬁx,%-’z1] +
2
V(xi’%'+AV’ZI]72‘/(9@’32/;"2/]+V(xi’%'7AV’Z/] 4
Ay
V(m%-m*ﬁz}_ZV(wawz/]+V(xm%’zk*AZ] (16)

SN AR DR (xyoz) W% Bk (cosccosBoosd) B Ak FEAMAE

Iv

_dy ~ €V X ¥iozi) — VI xi*Ahcosa,yf*AhcosB,zk*Ahcos)’ o

S €
I In

DA Ipsh (xi,yj.za

: VI % T Ahcos @, y; T Ahcos B,zk JFAheosﬂ — V( Xi y,-,z/]

Ah

Ah
A8 A 2R G 5
VAR SCEE A B R SR
SIS
TGN FEL A ) A <o FELRRG BT o 4 s ) DX 371

H e

D (g |32 <3 1<, <60, <3
(18)

D [y |3y <3 —12> ) >6,0<, <3
(19)

BEASINAAA P ok 9 4 2 18] X480

D—%G,y,z |3y <3 —5<Ty <5 3<; <3
(20)

LA B A ALY e,

SRR, 25 ) H 3 F SL A S AT R V (s s 2) H
X CELHFE
AZVZO,(x,y,z] EDU(R“EfoD]
vy, =Lvl,=-1

r— Jx2+y2+224"x: (21)

V‘JDW:V|JD57|~

ay ~_dy
€Z|apm—ﬁﬂ‘ﬂmr

o T BT s IR KRR Bd% Dy, De b
L VL Ve RS, R OTRBIERAR D
Dy FRORE VL | Ve SRR LRI LK s
D0) BIABS A B BOH €, KB TR A2
BT FRPE AL 7 2z P EAN T, AT 2
FARR. 6T TR RATFR .

FAIMEK Ay = Ay = Az = Ap = 1,330
V(ijl) = Vipe . BB ER S [—5.9 |
[—10,10 [—8,8 ghepspnZ, ulh B fyitie
LR

(17

Vi =0 i=—5,58;=—10,0,105 f =8.8
i E TR, FeATAT USRS . =0 B H
P XA

Viie =0 (=58 ;=0,108 k ==£38 (22)
i:0,3E1<J‘<6ﬁ_k:O,l,2
Vip =1 (B0 ;<3H1<j<6H,=02
H0<i<3H,;=16Hk=0,1.2
(23)
&z, i1 + EVy ;1 = ( EJVE] Vs,
j=12,3.,4 (24)
&V, T &V, 6. _E€+ §V.sei=0,1,2 (25)
Vou TE,, = et E] Vi
1 =0,1,2;;=1,2,3,4 (26)
S + &V 6 — ( et é] Vis
i =0,1,2;;=1,2,3,4 (27)
78( Vasa T Viaa) 375:(‘/4,5,4 T Vs T
Visa T Vasa) = ( e+3 a V54 (28)

3z
%(V&j,s + VS.}‘,J +f(V4,j,3 + Vs +

Vs, 2 + Vaju) = ( EJVB%] Vs s
j=12,3,4 (29)

3z
?E(VZ,J‘,S + VS.}‘,J +f(V4,j,5 + Vs +

V3,j,6+v3,j,4) :(€+3 E] Vs, s
j=12,3,4 (30)

78( Vias + V,-,s,J + BZE( Viws T Vies T
Vis.6 + Visa) = [ €+3§] Viss

;=0,1,2 (31)
o Vias T Visa) + Z(Vi,u + Vies T Viso T
Vo) =(et39vie, i=0L2 (32



54 3

RIS - BT A AR R AR 1 B A 139

?E( Vass + Vs + V354 + 6Vi’j’k - Viﬂ’j’k + Viil’j’k T Vi’jﬂ’k T
- Vi.j Lk+Vi,j,k\l+Vi,j,k 1 (36)
f( Vass + Viss T Vass T Vaas T NHF
Vase T Vasa) = ( €+7§] Vsss (33) C= Vi—V,
?E( Vass T Vias T V3,5,J + :% En éEd;
7% "
F(Vz,as T Viss T Vass 1 < (T N
> == (Pgradvd
Vias T Vise T Visa) = [ et 75] Vsss 2 Jblgra :
(31) _ & [r a_Vd 37
oAl A 2 2 4 2,48 )
6Vo,0 = Viyo T Vi T Vo, + o] o T A o
Voo e T KA T ATTRT WA b 0 F8 L4443
Vo, i1,k + Vo, j it + Vo, j i (35) W

TERFRI 45 B RS R ACE UUE R A
A ST

1 _ & _&Effay
CoTvity T~ nggeEds = ngggradVds = Zﬁgands

Dy

4+

,\/2|: ~ (1 Viio 1 1= Vs 7
—~ € e
8

(l V313+l+l Vi 7

4 -+
(1 V%7o+1 g4eo+1 V36,1 74 +
(1 Vare +1— g/%62+1 Vie.o 74 ]+
ZIJ ~i( Vi,7,2+17Vi<6,3+17V5\1,7,2+17VH1,6<3 3_7'E+
2 4 4
l “Viro t 1= Vie s T 1= Vingo 11— Vm,a,—] 3w +
€79 4 4
i (1+1—V1-,H+1+1—V1-+14H 3_Tt+
€79 4 4
~;f1+1*vi,1<3+1+1*vm.1<3 Bx
2 1 il
i} 21 (1_ Viio +1— Vs.i3 +1— Vi e +1— Vi s 3w
€ +
— 2 4 4
= l ( Vi T 1=V +1—v, 1.0 +1—vy, A1) 3w
2 4 ]+

1
2[2~( I“] +2J1—4v4.5,] +2§u_4v"*“ +2e 4]+

2 i [& (1 — Vi +1— Vi +1— Vi +1— Vi ,‘Al.fa +

i=0 j=2

17‘/1-1]-’3"»17

VHL,‘,S +1—

4

4

A P S o o 2 AL UG
ok cl e d . HEMAM A RIRET < R
DDy D. BAMOA B REET & I R s A
W AR, ShFR T, JATEE = 1 (EAR KR

Vi,,')l,S +1— Vil,,'L?]}

(38)

RS B fl RS L R S A M TR ) < 43
BUELLL 12, 13,0, 8.0t 4 BRI TS
I EAS €(1.0,1)=21.582; ¢(1.1,1)=21.621; ¢
(1.2,1)=21.659; ¢ (1.3,1)=21.695; ¢(1.4,1)=



140 b x & e

x

¥ R

CORLE

21.7305 ¢ (1.5, 1) = 21.764; ¢ (1.6, 1) = 21.796;
C(1.7,1y=21.828; ¢(1.8,1)=21.859; ¢(1.9,1)=
21.890; ¢ (2.0, 1) = 21.919; ¢ (2.1, 1) = 21.948;
€(2.2,1)=21.976; ¢(2.3,1)=22.003; (2.4, 1)=
22.030; ¢ (2.5, 1) = 22.056; ¢ (2.6, 1) = 22.082;
C(2.7,1y=22.107; ¢(2.8,1)=22.132; (2.9, 1) =
22.156;C(3.0, 1) = 22.180; C(S.l, 1) = 22.202;
C(3.2,1)=22.225; (3.3,1)=22.247; (3.4, 1) =
22.269; ¢ (3.5, 1) = 22.291; ¢ (3.6, 1) = 22.312;
C(3.7,1)=22.333; ¢(3.8,1)=22.353; (3.9, 1) =
22.373;C(4.0, 1) = 22.393; C(4.1, 1) = 22.412;
C(4.2,1)=22.431; C(4.3,1)=22.450; (4.4, 1) =
22.469; ¢ (4.5, 1) = 22.487; ¢ (4.6, 1) = 22.505;
C(4.7,1)=22.523; C(4.8,1)=22.540; (4.9, 1) =
22.557;5 ¢ (5.0, 1) = 22.574; ¢ (5.1, 1) = 22.591;
C(5.2,1)=22.607; ¢(5.3,1)=22.623; (5.4, 1) =
22.639; ¢ (5.5, 1) = 22.655; ¢ (5.6, 1) = 22.671;
C(5.7,1)=22.686; ¢(5.8,1)=22.701; ¢(5.9, 1) =
22.7165 ¢ (6.0, 1) =22.731; ¢ (6.1,1) =22.745; C
(6.2,1)=22.760; ¢ (6.3, 1)=22.774; ¢(6.4,1) =
22.788; ¢ (6.5, 1) =22.802; ¢ (6.6, 1) =22.816; C
(6.7,1)=22.829; ¢ (6.8, 1)=22.842; ¢(6.9,1) =
22.8565 ¢ (7.0, 1) =22.869; ¢ (7.1,1) =22.882; C
(7.2,1)=22.894; ¢ (7.3, 1)=22.907; ¢(7.4,1)=
22.919;C(7.5,1)=22.932; C(7.6,1)=22.944; C
(7.7,1)=22.956; ¢ (7.8, 1)=22.968; ¢(7.9,1)=
22.980

Wit bR % e =10 o e 9 %
A € IEIT R PR R B S TR

e EEEl
Cl &1 ~0.1939 ¢+21.552 2 (39)
RIS R E52)
. C—21.5522

0.193 9 (40)

A ALGE AL A

_ CX9X10" —21.552 2

e 0.193 9 (4

Horpr e Jy R e ri B SL A I, PR BT A ARG A L AR
SAERLASE T PR A i KA 1.0 2
8.0 YE [ AR BRI Bl AR A S R e 5
L AR Y A BLE C AR R
e R R A e AR BB S I IE AT L

SRR VB (EURI4 BB (100 0065 36 SO
1 LT A B (A 5, 4
e=1f o .9 ETAEMM < IEBH BN
0.310 6 €+21.2485 ¢ € [1,2)
0.340 6 ¢+21.2485 € € [2,3)
0.2154 e+21.5354 ¢ € [3,4)
0.1825 ¢+21.664 7 €€ [4,5)
0.1577 €+21.786 8 < € [5,6)
0.138 6 ¢+21.9005 €€ [6,7)
0.1231 €+22.0076 €€ [7,8]
(42)

o e)~

o Hik 5

FATLE T BT AR SRR Y AR R
Bop RGO B k. O R R B AT
PRSP ASURT AR F T 45 bR B4 0 AC B4 A L
iy, M HFRIe e Bk IR ZE AT, 4
] T ARSI 7R AY TARE SEfR [R) 3,

ENAZE R E Ak RS B ER Aok @ e it 7
BRI R ECA A5 K A WIS » 17 I B SR A A
M RELL AR B R K B o B R
R R B, ST BV ER A  $2
DAE RS TRE S 75 B, 0 B i kit — 2
ot

£ £ X #
(1] . ko I O B o 2 £ RO 00 o B g 5 A
PELI]- 14 K2 2 4 (AR BR2E ) 2004, 44 (11), 1 471
1474.
B FOK S B SOUR B [R5 o R v 1 0 B
SRR ]- HURC AR 4i 2006(2) 16,
(3] Bk Bl T 2 A B 5 01 (3] TollAX
%5 5 AMLAEE, 2001(5) ,62-63.
SERZ, NG T T0H. 45 1 DU M0 b 2 (08 T
YRS 4547 (1] K HE B T K% 2 ). 2005, 45(2) , 215~
219.
BRI BIE IR EOK S IR R AR R ] (R
B R, 2003, 22(2) ,29-31.
XIPRI. ol e BB . 5. AE B 55 TR 00 2 R
HRTRCE B ] AL sobholl 2 224R . 2008, 30(4) ,17-21.
S BT (M1 0 AR SR Uk, 1965,
235—433.
TR T FERR RO E (M- L. B2 AR
1979,235-308.

[2]

[4]

[5]
[6]
[7]

[8]

(FTfEmE FXF)



