BRIE L2 RM KD 3O
it E 12 2T

Takeo Ogura and Kamoya Oxvma: On the computation of moisture
distribution in wood by means of electric resistance.
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Needle | Plate
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A |
= ~6 -6
I (—om2 \ 0.130% 10 t 1.62% 10
1
. ( nem 6.5x 1078 t 5.9% 1078
where : G:}IE ; E: intesity of electric field.

* from results by Hiruma.
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T DRRICIKGMERI O MIT L DO TEEEIEA R A 20T, MK YDTIE ZOMILE ER~
EDILER L YT 583, —fiC T OREABEENEL bR KFR T HEE L WA 3z Tho
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YR T 2UA LT ORBEC OV THE TR L THk .
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Table 2.

ll/f)oni?ég{e Resistance Current for the change of 1% moisture content
% Ma rA Change of resistance Mq | Change of current pA
100 0.06 100 0.001 1.7
80 0.09 66.7 0.002 | 1.6
60 0.13 46 0.005 | 1.7
50 0.20 30 0.013 [ 1.8
40 0.60 10 0.120 | 1.7
30 4.0 1.5 0.8~1.0 | 0.3~0.37
20 50.0 0.12 14~20 ’ 0.034~0.04
10 500.0 0.012 100~120 [ 0.002~0.0038

Weak®R 40% L ETREKR 1% OFLITHIST 2 Bl 1.6~1.8puA TH 3%
W, BWEE 6V w2 LEE 1~2 M T iuEiRE NI 1.5 2 43, AKRO £ Wi
%umm&%@fﬁﬁﬁﬁ%EmwﬂH%M$1~%§@ﬁ%%%ﬁT%C&ﬁm%%o%C
NLUTFOR KR 15% FREHEITH L T3S T 2FHEOF# % H »iLiE 7 CREBEEORIEE TR K
REAET 2 T LBk S, Hucfimiuic LT Tollifiic X D TARIK 1% BREDOHZEIT TRK
ROMWELHHETH 2 LbiL D,

4 VICENP R LTERINOHIE & T2 MIBKASURIO D 248D 3~4 Fiik kit
Ohn { BIRML LMW L, Bl &k b Ak e e Licth, 2045k 3~4 &40 LIGEZ
WBICTRKRROSME LML T AL s LMK Lz, €O#iUUE Fig. 25 lc—fF Lien < fitie
b 1% DINOFFEE T B IR —F L TWvw 3., DT OHKIT L D TEBRMIC KA 2RO
FEETRG A EHMERE T 2 & &Mk 2O T, W@ OIKSHATOBALEEOHEE b Wi
Y, SRcoFHOWEITEN Lizwvw & DO TnD,
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Résumé

The study of wood drying will be able to made a great development, if the
moisture distribution in wood can be computed without cutting board. For this
purpose, it seems to be most right to compute the moisture distribution in
wood by means of electric resistance measured by needle electrodes. When the
directing currents are send to a dielectric substance as wood, various special
phenomena, such as relations between the electromotive force and the change of
currents at a time to another, and the effects of temperature on the currents,
would be appeared. Therefore, we tried to conducted the preliminary experiments
on the fundamental items as described above, and ascertained the possibility for
the computation of moisture distribution in wood by means of needle electrodes.
These summary are as follows.

A Rate of directing current change.

(1) Effect of electromotive force on the rate of current change.

The results experimented on the change of directing current against various
voltage, whose experiments were conducted two boards, the one moisture
content 21.4%; inner temperature 38.5°C and the another 41.5% 50°C respectively,
were shown in Fig. 8. The higher the electromotive force, the greater the
decreasing gradient of current are.
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(2) Effect of moisture contents.

As regards the rate of currents change measured on board of moisture
content 100% and on that of 22%, as shown in Fig. 4, the more the moisture
content, the greater the current change are. But the current change can be
hardly found at low voltage below 10V regardless with moisture contents,

(3) Effect of temperature.

The effects of temperature on current change at a low voltage (4V) which
has no effect on the change of currents, were shown in Fig. 5 It shows that
the higher the temperature, the greater the current change are.

(4) Effect of electrode distance.

By the results obtained on the board of high moisture content (85%), as
shown in Fig. 6, all the decreasing rate of current change show the same
gradient, regardless of the distance between electrodes, at the same intencity of
electric field, but the values of conduction current decrease, shown in Fig. 7, as
the electrodes-distance clo:e each other.

This may be appeared to be due to the expand of electric force line, because
the electric force line can not fully expand when two electrodes close in excess
each other.

These above results would be due to the so-called polarization, which is
caued by the back electromotive force formed around the electrode, because
the water in wood, that is sap, contains an electrolyte.

This is evident by the fact that the instant values of diecharged current,
which are measured after the electrodes are disconnected from battery when
the currents remained only conduction currents, and shorted through galvano-
meter, are the same values in all cases, as shown in Fig. 9, and this shows that
the same amount of electric charges are collected around all the electrodes.

From the results obtained on rate of current change as mentioned above, it
is possible to said that the computation of moisture content in wood would be
effectively made by using of the valuss of current at 1—2 minutes after the
circuit is closed at the electromotive force below 10 V in practice.

B Expand of current.

The extent how current expand in wood is measured when two needle
electrodes are put into the opposite side of board. As the results obtained are
shown in Fig 12, 13, the values of current are constant over a certain area of
cross section of board, but go down linearly with a decrase in area of board
below this.

The limit of size at which the current decreases is about 10cm at a great
amount of moisture content, 5 cm at moisture content air-dried in width (direction
of fibre length), and 2—3 cm, 1 cm in thickness (radial) respectively. Moreover,
the value of conduction current measured by this method are agreed with that
of plain electrode, those area is the same as cross section of board, measured
by Hiruma, verly closely as shown in Table 1.

C Effect of electromotive force and temperature on conduction current.
The relationship between conduction current and electromotive force, which
"Tare measured at first on so low volt as 4—6V, and after raising to high volt
\'gradually, are not linear, as shown Fig. 14~16, although its tendency are
different more or less according to a moisture content. It is thought that this
is baised on special reasons. But, the linear relationships through the origin are
found, as shown in Fig. 17, 18, in all cases between conduction current and
electromotive force, which are measured, at first, on high vo!t and then on
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gradually decreased volt on an air-dried board. And regarding with the effects
of temperature, the exponential relationships are found between the conduction
current measured on the same volt and the temperature as shown in Fig. 19,
20. Therefore, the measurement will must be made specially with care.

Moreover, the relations between electric resistance by means of needle
electrode and moisture content, on which the experiments were conducted on
the basis of preliminary results described above, were obtained on boards of
equal moisture distribution and on that of having moisture gradient. And a
moisture distribution computed by using of this relationship were compared with
that measured actually by cutting, and we examined on the practicability of
this computation method. The summary are as follows.

(1) In case of having no moisture gradient.

The relationships between electrical resistance and moisture content at an
equal temperature dispersed roughly as shown in Fig. 22, but all of them have
the same tendency. That is, it is shown that the relationships between resistance
and moisture content are all the same, although the absolute values of resistance
are different by specimens. The average curve among thess curves are shown
by a big broken line and regarded as the standard line.

(2) In case of having moisture gradient.

The relationships between the electrical resistance, which obtained from the
current value measured at 1—2 minutes after an electromotive force acted on
the board of having moisture gradient on the process of drying, and the moisture
content are shown in Fig. 23. As mentioned above the standard line are determined
and shown by a big broken line.

By comparing this curve with that of having no moisture gradient, the both
curves have the same shape below 33%, but the resistances at a certain moisture
content are smaller at the former than the latter above 3395. Therefore, in
case of having a moisture gradient we must apply this standard line. The
change of electric current for the change of moisture content 1% are obtained
at the each moisture content by means of this curve as shown in Table 2. We
will be able to compute the moisture content with an accuracy of 1% by using
of an adequate meter for each cace.

The moisture distribution computed by such a method as mentioned above
agreed with the actual value, as shown in Fig. 25, with accuracy below 1%
closely. Therefore, we thought that the moisture distribution in wood could be
computed by this method very adequatedly.



