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Pig. 1 Apparatus for measurement of drying stress.
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Fig. 3 Changes of moisture content (MC), restrainining force, cup quantity, AR event count
rate and AL amplitude during drying Japanese oak (a) and cucumbertree (b) of 60 mm
length, The threshold for AR signal was set at 100 mV. DBT and WBD denote
dry-bulb temperature and wet-bulb depression, respectively.
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Fig. 4 Same as Pig. 3 but for oak of 300 mm length and
with a threshold of 200 mV. End checks occured at
points indicated by small arrows and one of them
developped into a surface check (large arrow),

A

WEBGTIR OfhFE e AR
ORI~ BIcwiT, M
MOE S % 300mm & Lz ikie
DWTHEBREFF- 12, #HNhDoFE
Az 8am w2 5 O HEEEE Y

(1z¥/2min) CTHHETIC
&R AHTINs, MRRED ETR
Sy CHolizd, oL HE
B 5B 2T 12,

Pig. 4 32 X5 B8H» 6
WS 2 RE0HE (8.5C) i
LCHERRUTZ E SDORRTH 5,
MR D2 D LT,
MEREO € o FHBEETL,
FERFF TR I3 B o I B 2 IR
LTnbe COUGD ARIES

BILGBIRER B L TE -2 2780, TOBBACEF U, 20 € — 2 OB ISR
AR EBALDELEVFTHY, MOTLEFEOTIBEENOA I L > THEO AR »F4E
LTWBZ &bt BIREE FRFED C — 2 ONES—B LN & &, HPgEm
DIEMNCFE L TR E Dl P & 5T AIZ S Db & THERMSIDROBEN 2R &5, #
ORGSO MEESE AR BEBBT UG LR S ah 5,
FIHROBELEH LS RFIE E AR PREOMEHIZET)E, TFig. 3O LIEAKTH 4



255

23, Fig 4T U &V 200mV EFEIREE LU DEIEE NI L -TWnh, T,
SRR KRR OBRELE T, WS EMIh T aicd b b9 AR OFEMSML T
Whe X, BBONEEKES L IOBTRE I UDETLTWENIY, MRO—EOET
HEHIETI DMK MB D > L ERRLTWHBIDEEL BN S,

HNICONTIE, ZOFEEPRAITRUIY (Fig. 4), RGBSR Z & A6 2H0
% { ORABNSBRAEL, ZO—2RECHRRN (Easom) K THELIL, LrL, ¥
NOFEEBPNIBERLSC — 2 2EATH S Th b, HAOFECMBICESES K> L3k
AE OBl 2Ry C &3 TEadb o1,

Fig. 513, TR0 E S 300

m ok &% Fig. 3 & RO s oer
AT Y o= VT LTI E B D 9% Wi >

. E8 | T L g
RTHho Fig 8 oMk, B8 [ =1 *

o
<

ok F TERAMEIBOLIRIGIIH
FeT B W 1 AR FEAE B3
—DDE =2 BRL, *OHRWD
DTN L Rv 2 LIS HERFL,
JEIIMRIEY 24 VAT o g8
D= BRUIZ, COXHIL,
HEBRIS TSR & 75 7 Blie—BE
F Uiz AR FgH:hs 2 O8O
G AL E T NI R
B TT & DEEGRD B KRB REN . . , . :

) [ 20 40 60
HMTH %, Time (h)

R, EREOIICENT  Fig. 5 Same as Fig. 3 but for cucumbertree of 300 mm
WRESAYT L & &, RO length and with a threshold of 200 mV. End checks
R L D S
roE ERBHIREL (HhoKH
TR U TS CIOMRIETELE), £ 0—21d 2 | HORELEE K LTI (B 70m) off
Btz
3.2 AR OI&ENE

AR FEEHOGE e RE-T Atowicid, LR AR Erhehovryic gL 7T, -+
DRERESOEFEBLUTRBEINIDE S H B, Ulchd->T, AB BWRE ¢ 2ERT 5 Mk
)OSR A C L eEBTHE, v O &b b AIEEUE G R i —
EORRNH 21T Th b, TLT, ZOWRFERIEL NI ZD—2>OFMBEREIT > 12,
Tibt, SO0 ETORREHN P L — N Uis 8 X 5B GRIES T & #4805 ms0nn, 2
A1 somm) 2 BURICHEBA L, XD & XIcPET 2 AR ONARIF O AEGUE 2 BRI IR
YW ts e TFFo 1o (Fig. 6). MEEIEIE, HBEIAHO, 3.8, 7.8, 12R[H D £ 2N DK
AT I 40D AR o WTIFY,  BUERSRIE e oy 1 o OENER sm KA & Ui
L EDEROTmTHRUI,

Fig. 6 DEMD 7 5 7139 = =T AT VD MY T2+ 1OHIE UEEOHETH D,
EHMDZ T 7 b HE e 20OHE URBROFMBTH 5, ARzBHIR2AIcb >

2~

Restraining
force {kgf)
S

e
&
T
.
o
>~

=
o
=3
~n
AE amplitude (V)

{x 30375 min)
° .
=~

AE even! count rate

o
N

o
Ty




PrT———

Alminium foil

Radial

direction

DBT & WBD (°C)
8 ¥
7
o]
/
/
/

Moisture content (%)

Transit time (ps)
o

10

0 50 100
Time (h)

PFig. 7 Changes of moisture content, AX rate and transit time

150

of artificial AE waves through an oak specimen.

AE evert court rate{(x10%5min)

Aluminium foil

,. 1o 3.8 h;—_ | —

g i i -

5 n

& ol Hl. . . . n-r -

Lol

= o 78h . ]
oloel] —ﬂ-—r—h
1o 12h I ﬂ\—
0 0 800 & 80

Distance (mm)
Fig. 6 Radial disributions of AE during drying oak at a

DBT of 60°C and a WBD of 16°C. Note that a
wave memory was triggered by AE signals from
sensor 1 (a) and from sensor 2 (b).

962



257

TSI AR PRELTWARTTHHY, AEDOS I 7 &b AR HRORELEH ¥
CHEHYONIDAD S AR BFRELTHAFERICE sz, ChuE, I X I OMBRITHT
L BEEHTI, b 5 OFlL 40 A AR TIEEL I AR 0% id,  FEEERE
TE > TUEWE (COPE 100mV) ZBAA T EMNTEIRNC &2 BKT 5, Lizh->T,
TR DARMIT 20T AR RONMEEE 2175 Sf, 278 b e [ T > 9 R EE 9 2 008
MbdC Eickhd, $1z, Bas AR HOHETE. 1O €95 AR BHEOIRE % HEH
T AW L0 L S RIRSENATHBEDT, €4 OREEINCIIHIET 208N H 5, 513,
MHETTIIZ o0 T, FEEEREE AR ERIT I L D I VI AR o FEEERHE SRR E S
Z)o

wic, JEE30m) 3 X S MO RERE LT, AR FEFEORET MO MEEE 21T - o
HENITRETEN 2~ — v L, RRRUVR TR U, Fig. 710k, BHREH 2KkE
& AR HBROLL, — O K 2N TRA S IEL AR HH8 5 —H0 ¢
YHICHET A OIRBEL MO L ER U, —IT, BKRBETT 5 &AM 2ERT 5
MM OBIE X RS LB H5, CORBRTIBFGHIRBIELS 2, CHROETE & b
JEDETET T AHEH L 8 o1,

CORBTIE, D00y 2EIATHOBMEICH U CEES MO ENE U Zh 2k
Dz, FEED 5 HRIIC—RITEOMBEEZTTS CEFTELV, LT, wryilieal
ZOONE A, B EToOSEMEM R TAa (Flg, 8), 12170, AR HOMEFAOENH
W 1.66kn/s & Uit E7o, BEBRTI & BRTIOMENIE U L, S MO R
MO 2.5 T, EWREIED R b vz % Bl & 3 2 BUEFREEE 2R 2 LB L1,
TP OREIEFEBLTOEN, Fig. 8tk &, ABTIINMER L >T AE HOBE %
Wiz T & A5, BT TIRMSREEDOHRHEMI K & {8 » 128 R, HAH»L HAWID & ATIE
Uz AE &, HETHREL AE 2XHTEZNC EMNDDP L, Uithi-T, (EEEORGSE

s = 1.66 km/s
Vr = Wy
v = 3.90 km/s = 25v,

-5 0 5
10
A
~15 l 15
{us) {us)

Fig., 8 Curves of equal difference in arrival time on two planes A
and B calculated based on a few assumptions. »r, vr and vy
denote radial, tangential and longitudinal speeds of AR
propagation, respectively.



258

Difference
in arrival time
(ps)

Fig. 9 Changes of distribution of difference in arrival time during drying. Drying
condition was changed at points indicated by arrows.

WD S DIEME TR, W LIRS0 EE THRT AT LiITLT,

Fig. 9 ik, 100 < & ic B8t U - BERIF RO 07 2 SISO TRRLLE LD TH D,
R2E D7, R CHEEEORE VTR 2O -2 2 8 5, b icilBRmE 22
HEITL T AR BRELTHBE T Edbd b, —77, BEEEIcES AR HERoMEET
BN (Fig. 7), BHOBFIELIZEEL LN S 100K TR, Zo0©— 22000
EEIPERT 2B 2R U, AE ORAEBBREICHBERCBITL T ez 3, &
tz, B REI TR L RSB O RS TEER ICRE O T BS AT A GESHE A & <
EAHED BN, - OFEMRICET 2 HFNED bz, ik, BiTiERLC
REHRIS T O BIEZSTINICISE U Tl b, BEEH I - T AR OFEAEEAL —ISNICBTid % ¢
EBRBLTWA D EELLNS,

4. B H O KL

WA OB CTSET 5 & AR OBIMER T AR SAEFOHEL O M >0 CTHE L
TR, ST, BHCHMAWOBIRSIIRS D AR OFEICEL b T3 T & 2D
BLEMBTEI, ULhL, RREE»SHEEINIENORE Y L AR B0 L 3 WS
WY, HHEO—BNTREBELP BT R TERLP 21, ZOARDVT, BHATOECE
KBRS OHER, & & IR 2 & 2 BB U TR 200803 D B T, AMOIUEHRYT
PO IO IS IS & AR OB, OHMoBIn e RO FERAE &
B U CTHBREEN TS b, TR EPEHO—2TH B, L, KROMIE L TORNOFE
HeiR% AR TL LA LN oz, #HNBBRLTHRELIZ AE st o4 & ool
Ulstrolzl Stk AL 32 A 6N, 2o YORBR2ZRUTS 5 ICHHN T ARESS 5,



500 3 W

1) Schniewind, A. P.: On the nature of drying stresses in wood. Holz Roh-Werkstoff 14 (6). 161-
168, 1960

2) Honeycutt, R. M., 8kaar, C. and Simpson, W. T.: Use of acoustic emissions to control drying rate
of red oak. Forest Prod. J. 85 (1). 48-50, 1985

3) BBIYE WU - BRI - DR E  KBERO AR & B2 0 00 REIHE 40 00
464-469, 1985

4) Kitayama, S., Noguchi, M. and Satoyoshi, K.: Automatic control system of drying zelkova wood
by acoustic emission monitoring. Acousties Letters 9 (4). 45-48, 1985

5) BUNIEE Gt v« HF - BREE: : A+ 50EMERRBYI 73 —-2F 19 e 23y
Vg e HUKEHL 87, 300-307, 1986

6) PR :hy PRICE ARMEHREIONE GE28) H v S 25 1 RO K REERadh
22 (11). 626-8631, 1977

7)) HEBEEERR LRGSR R U AR 0 4 0 AT DT (1), ARETIEE. 82 (1. 8-
11, 1977

8) JIFEA T v o« BEERT MRS« BOEE  Redo AR IO ERE:.  S38sE AARM Bk e
WHEERIEN. p.52, 1985

Résumé

The purpose of this paper is to examine the relationship between acoutie emission (AE)
from wood during drying and the drying stresses whieh cause the surface and internal
checks. Specimens of 30 mm thickness, of Japanese oak and cucumbertree, were dried in a
small drying chamber, and the AE event count rate and the AE amplitude were measured.
The drying stresses of specimens were estimated from the foree required to restrain a
specimen from cupping (Fig.1). The specimen for this purpose was half the thickness of
the original one and all of the faces except one were covered with aluminium foil.
Furthermore, the source of emission during drying was located along the thickness of an
oak specimen by comparing the arrival time of the signal at two AE sensors (Fig. 2).

The AE rate increased or decreased transiently before or after the reversal of stress in
response to the transient variations of drying stress which oceurred each time the dry- and
wet-bulb temperatures were changed (Figs. 8, 4 and 5). This confirms that there is a close
relationship between AE and drying stresses. The AE rate, however, was not necessarily
affected by the magnitude of stress, especially for cucumbertree (Fig. 5). The locations
of AEs were in the outer zone of wood at early stages of drying, and they moved towards
the inper zone after the reversal of stress (Figs. 7, 8 and 9). This suggests that AEs
are mainly generated in the region where the wood fibers are stressed in temsion.





