A Computer Controlled System for Operating
Kiln Drying
Conditions of a Practical System and an outline of a
prototype one
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The present studies aim to develop a microcomputer controlled automation sys
tem for operating kiln drying. This paper reports on conditions such a control
system must meet to be of practical use It also reports on an outline and the
performance of a prototype one The system was controlled with considerablly
good results by a programmable controller which incorporated a continuously
changlng drying schedule Further studies are being made on developing a usable
sensor to measure the moisture content of lumber and on improving the program
mable controller so that it can be popularized The basic conditions for the
computer controlled system are as follows

1  The system can be operated in the same way as the conventional kiln drying
In other words temperature and humidity can be controlled according to the
moisture content of sample boards

2 A continuously changing schedule and not a stepwise changing schedule can
be applied to the system

3 The sensor measures the weight of sample boards in a load cell manner

4 The initial cost of the system should be as low as possible
less than 500,000yen per kiln

5 At present one system should control five kilns
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Specific gravity (g/cm3)
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Simple equations for predicting moisture
content from specific gravity

For the under fiber saturation point
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Fig 2 Specific gravity-moisture content
diagram

Pu — Po
u=-——>7Xx 100
po(l*pu)

For the upper fiber saturation point
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Fig 3 Schematic diagram of the prototype
automatic drying control system
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Photo 1 Method of lumber weighing in the
prototype system

upper part Electronic toploader

lower part Lumber in the heating chamber
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Photo 2 Programmablecontroler prototype
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Table 1 Specification of the prototype controler

CPU 8085 (8 bit CPU)
C P U ROM main program : 8 K byte, subprogram : 8K byte
RAM system memory : 4 K byte (back-up by battery)
M d 132 -
MEMORY RA user’s memory : 32 K byte (back-up by battery)
& TIMER CMOS timer with calender (back-up by battery)
TIMER ; - . :
memory and timer with a monitor of line voltage
baud rate | 9600 BPS
RS for word length | 8 bit
personal - .
computer parity even parity
INTERFACE stop bit 2 stop bit
(RS) baud rate 1200 BPS
RS for word length({ 7 bit
erectronic - -
toploader parity odd parity
stop bit 1 stop bit
TIME 7 segment LED, 5 digits indication
DATE ” , 6 ”
MODE® ” , 2 ”
INDICATOR | DBT ” , 4 ”
WBT o , 4 ”
R.H.® ” L4 ”
M.C.© ” , 4 ”
ten keys 0~9
KEYBOARD A
function key| 8 keys
CMOS, 12 bit, A/D converter
SENSORS A D input : 3 channels (sensor : Pt 1002)
FOR ' 1 ch. : for dry bulb temperature
TEMP. 2 ch. : for wet bulb temperature
3 ch. : for open air temperature
CONTROL 8 bit (high speed), D/A converter
OF
HEATING D A output : 2 clhaﬁn(?lfs (o&ltpug }1)}?)’ g/oltage-)
CHAMBER cn. I Ior ary ou ernperature

2 ch. : for wet bulb temperature

a) Schedule type.
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b) Relative humidity.

¢) Moisture content.
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Equation for predicting EMC from
temperature and humidity *

ki k

EMCZ( 1kz h N k2 h ) 1800
1+kikeh 1-kzh M
........................ (3)

EMC

Equilibrium moisture content

h 100
Relative humidity 100

ke 3.73 0.03642 F 0.0001547 F2
k= 0.674 0.001053 F 0.000001714 F2

M 216.9 0.019%1 F 0.00572 F2
F °F

Temperature in Fahrenheit °

10
27mm



Temperature (°C) - Moisture content (%)
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Fig 5 Drying curve for white oak lumber controled by a conventional drying schedule
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Fig 6 Drying curve of white oak lumber controled by a conteneously
changing schedule

J Hokkaido For Res Inst 415 8 1986

Drying rate (%/h)



IV ¥ 2-F Il KA RMERBREC I (E 1K)

5. X£&¥

BEETHE, 2V Ea— 9 X EZRMEREEDR

BLh D B Yt > TD v R T LFARIEH & HBRE

BHEDRIE Y X 7 L OB OV TR, EARMI

Fétid,

1) B82S 5a0BEREG, EROEKER
FVa—NECEKBHEICELHL EET B,

2) R Va—MEavEa-sHlfcsEbLCGE
RELEIL T 5,

3) Gk vHido— FenvFRERAL, vv7
W DOEREEERAEL, ThEMEEDOEK
RKORFZE LTHEET o

4) vRF L3R MISOFHPAET S,

5) BEATRERZICOVWTHBY 27 L9 5,

5%, EBROGBRZHIEO I HITHERLY v T Ivkf
DEKLL vy EEWEL, a2V bo—F50HREETL
ERAGEED b o -5 LT, LREEDBSH
RBREIT Do

1k, EHED—BIC OV T EBEBEAAMES
K& (8, 19866E4 A) KBV THEL,

X Bk

1) Noguchi,M.;Kagawa,Y .;Katagiri,J.:
Detection of acoustic emmisions dur-
ing hardwoods drying, Mokuzai Gak-
kaishi, 26 (9), 637—638, (1980).

2 ) Honeycutt,R.M.;Skaar,C.;Simpson,W.T.:
Use of emmissions to control drying
rate of red oak, Forest Prod. J.,35
(1), 48—50, (1985).

3) HIEZHR MRS N ERA LI AMERR 7 Y
2 — v BEHEIEL), RHILE, 320,

Q917>

4) EFHM  AHERO BB 28 (1
), BRATELRABRSHARE, N7,
37—40, (1985)

(WRERHE Nodls 19864 8HE)

5) AHEE : FEEBAXANELALESE (%
&), (1986)

6 ) Schmidt,R.D.: Energiesparen durch ver-
anderbare  Luftgeschwindigkeit in
Schnittholztrocknern, HOB-Kennzif-
fer, HOB (DUE), 31 (5), 47—48,50,
52, (1984)

) EAFTI/FW: vt —b=Fysavbo—
Wy 25 LHDA0AVEID Bk L b

8) AMEH : EAKENESKEFOBERE, AML
%, 41 (1), 24—27, (1986)

9) AHEHE : 3V E2—F - YR FLEBALLK
Mg E, KITHEM, N.93,5—8,

1979

10) FIZISHINBER, BRBRI=0RE, Rlildm
DRIGH 5 oy (1986)

11) Rasmussen, E.F. : Dry Kiln Operator’s
Manual, Agriculture Handbook, No.
188, F.P.L. Forest serv.U.S.Depart-
ment of Agriculture, (1961).

12) Kollmann, F.F.P.;C6té,W.A.jr.:principles
of wood Science and Technology I
Solid Wood, Springer-Verlag, Ber-
lin, Heidelberg, (1968).

13) {38 B LAY GRRRY) Lotk (1982)

1) KBEREERERBRE: 77 =0/ —
No.l, RMER (BEHRNGTIR) 44, (1985)

15) X#ER7) LEL

16) SFiR E - HREE  AMOALER, 128, &
Bl A BAARM I EAi 2, (1981

17) SCR7) LHEL

18) Simpson,W.T.:Equilibrium moisture con-
tent prediction for wood. Forest

Prod.J.,21 (5), 48-49, (197D).

—AME R
(FRE=E H60. 5. 22)




