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A Study on Quality Improvement of Exporting Wood Products
I. Kiln Drying Schedules for Oak, Eamin and Meranti

Byung Jae Chung*?

The exports of plywood are increasing annually and it has ranked first in the world market
because of the high quality product and manufactured using mordern techniques. However, it is
known that the exports of the other wood products, except plywood, is. inactive because of their
low quality. Accordingly, to increase the exports of various wood products investigations were
carried out on kiln drying techniques to improve the quality of the wood.

Wet wood should be kiln dried before use to prevent various drying defects such as distortion,
shrinkage ete., which would develop after processing,’and also wet wood is not suitable for cutting,
gluing and finishing. Therefore, the kiln drying properties of lumber from such species as oak,
ramin and meranti which are used in large quantity for manufacturing exporting wood products
have been studied.

The results of the research are summarized as follows.

(1) The end checks and the time for drying from initial moisture content of about 40 per-
cent to 5 percent moisture content in ovendry were investigated as follows:

Species End checks Time Chrs.)
Oak Very severe 44 -
Ramin Severe 18

Meranti Mild 26

(2) The kiln dried results, for 30mm stock, which are presented by using kiln schedule table 3
are as follows:,

Species Sample No. Injt(i;é)MCs Fi?%)MC Drying time| Drying rate Drying defects.
1 85 21 185. 50 8. 31} Medium
Meranti 2 88| 1 185. 50 8. casehardening
3 92 19 185. 50 9.
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% i 64 of 18550 7.14)
Ramun ! 2 63 9 185. 50 7.0l None
3 63) o 18550 7.01)
; 1 66| 15 185.50 5.32] Severe
Ouk z§ 58! ;"’ 185. 50 5. 32| casehardening
| 3 so¥ 12 18550 6.23]

(3 liw kxln schedules for ramin, meranti and oak are given respectively as follows:

Ramin kiln schedule . Table 17 and Table 18.

Meranti schedule : Tabie 12,

(ak schedule : Table 13,
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The real state of kiln drying industry in Korea
¥ 8B R R E H# B BHARSEY AP ERERS | THsl=2A2 ¥ B W& %
Name of factory| Name of factory ﬁ% . b Schedule in use Species in use
xporting | ¢ fdry kil
owner wood productg | 1 YPE 01 ¢ry kiin
BOE OE O K k% FR ol 4sl Y, | Moore dry kiln] % B 2 A & | 2+ul (ramin) o
(Sou Won In- { Dae-chul Lim ?ffs’f iacﬁxﬁ (us) (U.8.-schedule)| 19} (lauan)
dustrial Co.) Table, wooden & (nato)
box, miscellane
ous goods)
Zas x| ®E F B[ ob x| N 0K BER| GBERAAT | A5 Gpruce)
(Sam Ick Piano| (Hyo-Ick Lee) | (Piano) (Own made (Own schedule) 3‘_";%%;‘;:33)
Co.) kiln) g v}»-rEmaple)
¥4 W-5-(ash
K IAR T walnut)
Ao \«}"‘?—(qeo namu)
%% JF(cheuncheung
pamu)
7} % 5 (kajung namu)
Y% (nato)
! 221 (tangile)
OB % 3" S'BE T* OB ety 22 | U g ghul & Al F | 78] (spruce)
{Yung Chang- | (Jae-Seop Kim)| st 27}, 21 | Hildebrand (ramin schedule é%izﬁ:%maplc)
akki Co.) Al a2 -U.8) 2}al (ramin)

(Piano, organ, H2AZ2-A4& 2?3:?3;;:‘2”

harmonica, toy, {other schedule %—\»}T(cheungcheung

box) -Japan) namu)}
WO & ¥ K Eic| BivadE &S A e (AR agsaAE 4 2} H fth
(Tong Hwa En| Sang-Bae Seung| (lumber-lavan) | (Hildebrand) (Own and Japan| (lauan and others)
-terprise Co.) schedule)
Z a& W E | = * g% = = &7 F =t MM B M OB 4%’}(18uan)‘§'7%(tangile)
Sam Ick Mulsan] Hyo-Ick Lee (melodeon (Kimura type- | (Own schedule) q;;ﬂil E,Srfj.?{‘g‘;:z 1)
Co. 3 2 v 7| Japan) Z}A}\% E-(birch

(harmonica) A| %7 (geronggung)

% (door, window) 1} % (nato)
azs§FF=|E B Xi# = b 5|80 # B Bia 8 B B hiF(persimmon)
Crown Golf Co.| (S. W. Lee) [(Golf club head)] (Own made) {(Own schedule)
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Completed laboratory dry kiln.
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HKA(%) T
C a D\«T W'T . iEKeylwe—
:::;t of C C R% |EMC, %1”}1 ratio
Above] 4‘
(et ) b
40 38.0 35.0 84 16.8 2.9
40 49,0 45.5 SOi i4.1 2.8
35 50.0 45.0 74 12.7 2.7
30 55. 5| 48, 5| 67 10. 9 2.7
25 61. 0 50. 8 58 8.7 2.8
20, 66. 5 54. 0, 55 7.8 2.5
18] 70. 5 57. 01 52! 7.0 2.1
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Efficiency test of the laboratory dry kila

C] ) (& 5] o CY ST TR Y e
&A% Indxcat‘e%i img ‘ A%t;:}al%xf;npc V?pi_;a A Iilﬁﬂafd%en?p. /gcflal%teim;(; ? \C}:Lia
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S 1 i 21 %0 ) 15500 75 69 !
£ 29 10 H ; | 5 10 " nlo 792 66.0 "
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155 45 39 | 130 a nio 841 0.0 "
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15 " n|  66.0 56,0 :r 110 » n| 945 85 "
$15 65 59 [ r20 " # 94.5 825 o

: 25 7 # 70.5  59.5 ) i ; } 5’

. 35 1’ 7" 70. 61 60.0 7 ' | i . !

BoE o dei4 R €8 B dry kilne] ZEY ER EOURREHS #Ewﬁﬁi Fizeba, D= dry-bulb @
7, Wi wet-bulb BHEE &% F7%e 28 MG 0 GREA BERAR Lfal ES kgl @i @
How BB AL A% DY W gRstgos, REmhtke/om?e KR REksbe]  BIrE(wet-bulb depression}F
6°C2 fERsty] Balsl WHIR dele 8 HEEHE L.
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Time-moisture content record in oven at 100°C,

3.3 B2l R HBER

Bt A F OB 7 &4 7t Ovendrying time(hrs.), ¥4 weight(g), &KE(%I(M.C)
0Chrs) 3.0Chrs) 5. 6(hrs) 23. 5¢hrs) 48.5(hrs)
Sample No. |yt () | MC(%)] wt. (@) |[MC(%)| wt.(g) [MC(9)| wi(g) |MC(%), wt(e) | MC(%)
R 11 o77.6) 40,1 23700 272 2126 141 1883 0.1 187.8  O.1
R 121 277.0 52.3]  234.7 29.01  209.9 16,1 183.7 0.1 1833 0.1
R 32 289. 0 47,90 248.7 28.9 224.8 4.4 198,0 0.1 197 5; ¢ 1
O 111 332.1 46,6, 297.9 315 279.9 23.5  256.3 131 230.0 2.0
O 112 337.5 47.3 304.3 32.8  285,0 24,3 261.5 4.1 232.7 1.5
0 121 343.7 48,3 3121 34.7  294.5 271 269.6 16.4] 235.7, 1.7
M 11 215.7 43.9  183.7 22.5 70.9 14.00 158.1 55 152.2 '7! 2.9
M 21 224.5 47.1 186. 1 22, 0 172 6 13.1 159, 8 4.7 1540 1.0
M 32 220.9 365.4) 194.8 19. 4} 183. 8 i2.6¢ 173.1 6.1 164, 1: 1.2

TR AA B R:eb O: 4% M: e R: Ramin O:0ak M: Meranti
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End checking formation in ovendry at 100°C.
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whul & KB THEIHL(Southwest Pacific?) KiFg o mindelel s At Malaysia 3 Sarawak 4dedE RAR

£ 4. 57 jomm0l| HE0 HE ANE X 38 WA HRER

Results obtained by using kiln schedule Tahle 3 for 30mm stock

vvvvvv AR T T T e —
pratamr | OMERE | BEEEY g | L . % it 2
Sample No. Imtla(l))M( Fmglr)MC Drymg nmeDrymgc/ rate Drying defects.
M-1 85 21 185. 5 8.31 i
Bt R
M2 88 19 ” 8.96 [ Casehardening formed)
M3 92 19 ” a 48
R—~1 64 9 " 7.14 ) .
R-2 63 9 " 701 (B 8
R—3 63 9 ” 7.01
0-1 66 15 % ST\ e 7k
ML S A i &
0-2 58 17 " 5.32 {(Severe casehardening.)
-3 60 12 i 6.23

B e Y TG Aol A B R R B &K H % Amd ARE GHol FE N 3 BRI J
o RS LT HRETE PAE DEEH T3 (prong)E (PR KIIFfc(caschardening) B MAT MRE
Sa 92 R st 2o
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#EHl Malaysiaol 4 & Malawiszhsr Y&},
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FR R p— -~ dorlx geu, KA M WA F AN HB(end
"5 (;n: D:&HEULﬂ AAAAAAA checking)sl %l #Zi(surface checking) %4 A B}
%g#i';/ --------- i Al s eE AT ket N Bio e s
- v WET BULH aogkel, ok &l Sk B8t AT elule
S, S 30 W 60mm, Wol 90mm, el 600mm2 %%
Wg““ MTR % end coating® A& HENel A s Lol
o Bty ol 60mm fEEAC] #) 50%7h AW ML
R FiRstnes ke s HHY o+ dAl slgdde ok
z Prg, ehuls) B HEHEE lste Aoz pg
= o} whebd Bl £¥8) o 38mmill HE FAE A
£ & WY o PR 80%LL 1S SNel A i
: shed 2 fksiol £ 26% RILE MPSIAE 4 AT
H ek Rel et ek 2l F 30mm [

T A ey ke A o GEE BUSskA b g
B A4 dleond, 58 AR LR wbel Al i

o U S U o 1
N b iR 24 RG]

DR LINE 0L RS M (seasoning damage)-& Yo7 41522 kiln

dry&hsl Giel Aedrsl iz (air seasoning)gle] ol £}

ahebAt A EpiGgel glel A kg B S e NE

I8 8 gk AHE K 38 FASIH FMH 30mmeY o] ehul RS B ARENE F) 26%ER Gugd ot Lk
21 R, LPEH MY, 2 220§ Rl W HoEr BT U8, Forest Produets Laboratory)

SLI R JOHN M. McMILLENICA} 5 0c4h el s 6742
8/4<1&l¢l ¥ kiln dry schedule v 1 458t 15

3eb

Brying curve resulted by using kibn schedule table 3 o
. 2} ; - I
for Junun, ranan, metantipersimmon wad Ouk 8wl & ‘}‘ & bl el 60mmell il ahet

AUE L6, 1y 10 W 2y 118 Jopstsleh
o] 0] .’j}j i 2bgl kiln dry schedulesta = 1§k
4 W JOHN M. McMILLENK 7b #8 Agh 407

Ol gt at, Australian Divison of Forest Poductsai] 4

F* 5 2HEI60mm) IR A3NE

Kiln schedule for 60mm Ramin

Ll s ‘-, il 5
@ﬁﬁm%um mwf'm%mrqmuat~'m
MC (’%;) ; Keyl\ﬁe‘
start of DT C)WT("C; R H(%)EMC(%} 10
step | IR Vi
Above
39 #i% AME F 0 RS MEE HEE 25 49.0, 45.5 g2 151 166
{t #knk 25 54.0 50.0 78 131 1.9l
‘ 20 60.0{ 540 7 125 160
Casehardening developed by using kiln schedule Table 3 16 65.5 52.0 48 6.9 2.32
B el e W MR Takshd o0k el & 12 7.0 43.0 21 320 3.7
L Cnormalicl cf. 8 820 540 2 %5 228

" B 4» Schedule & JOHN M MC\/”LLENIQ’} i Uﬁl
8l Gonystylus spp. £8 G. bancanusell $gho] ¥ Ramin %o 8740041 #4612 &8 10 £k ivshol

A st o= AL oz {HEek gl ok BE S 60mmell e Aejvh
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Drying curve resulted by using kiln schedule Table 5
for Ramin

A \&'&’

11

g Sei

Weand

F 6 S IR AME 5B BAE ¥R R

Result obtained by using kiln schedule

Drving timelhrs}’

a8 1l 249 prig *5‘“% % 50 11‘23}04 Rﬁiﬂ
FEBE{LAKEE
Casehardening formed by using kiln schedule Table &
8.2 casehardeniogf- vhebd v gl
(Mild cosehardening formed)
vhel o 474903 foffel 18 2 E2 4 L 8ol 2l
oel R iie] Forest Products Research Labora -
toryell A} ¥1208l Sodl /480 el SR A C oW
A G740l 2ol FigE A E Brb ol 218 R K
Table 5
oy ; W o8 i s

Drying defects.

L N W E AR i ¥ 5 ’Ix i
Sample No. IMC(%) PMC\
SiR60-11 21.9 3, 8
S,R60-12 22.8 3.7
S R60-22 23.6 4.1
RS 60-5 28.5 4.7
SR60-21 22.6 -
RS 60-4 26.3
RS 60-7 24.7
RS 60-5 41.2 4.0

309 - 4l-2(none)
" ;31 -(none)
” 3 2l -& (none)
275 | ¢l 2(none)
29 boesta s, RbO 21 9 RS60-4+ 3 “\UUL
I} % 29H‘rfa‘i ool mat it .,M\ RSE0-T¢
29 66 I peoll % Mk ApoiBE et
66 ‘33‘&_‘_1:}'. Akg Ll"ﬁﬂiﬁ}(Stopped kiindr
because of severe checking 1ormauon§
300 | Wil SPRPLEDel R ORISR

£ 7. 219 J|EHol B ¥R AHE
Kiln schedule for kiln drymg prenously air-dried Ramin

WY & KE(R) [ 4/4 s.z 5/4
MC at start of step | DT"F WD"F
25Above | 130 10
25 l 140 14
20 150 | 30
15 ; 160 } 50
1 § 180 | 50

i

mch 6/4 % 8/4 inch
L S A
WTF | DIF | WDF | WTF
e S
| 120 i 130 8 | 122
g 126 140 ! 10 | 130
; 120 | 150 | 25 ; 125
i 110 | 160 | 50 | 110
1 130 | 180 ! 50 130

{2 : DT =Dry-bulb temperature. WD - Wet- bulb depresﬁmn WT= wet-bulb temperature ) A A A E AJBA g;o{xh: B
grat ks gAmo] 4~6% 2 M5 9§ o equalizingel o} conditioning % Kzt
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Kiln schedule for 4/4 inch quarter-sawn Ramin

BERSM S KE(%) | o o N

MC at start of step !DT( F)|WD( F’IWT( F)
30Above ! 140 | 10 130
30 I 140 20 120
20 | 160 30| 130

& ¥ & 9 1 80 190 170

B kiln dry schedule %%t T3—C2 94 T2--Clail &
oo g fﬁ'ﬁ'{{}‘} ER R RM oK B B
B usdtel HY 2AEE, B2 8K48% AA
+ eals) mmoi HAs e et Wtk deh
b2 gl et ol 25, 32mmel) ¥}
= 9 ﬁaw%gﬁ;, oA Sommell ¥ihed = ki 104
MNEEE 44 EHE T JdF Aoz Wil

F 9. 219 25, 32mm0l| HEL &8 ANE
Kiln schedule for 25.32mm Rammn

SETTEPISP orcmwor wren
40Above 120) 4 18
40 120 5 115
35 120 8 112
30 130 14 116
25 140 3¢ 110
20 150 50 100
15 160 50 110

3.4, LY MR KBER

U Al 3omm, P BK4 85~02%E X 394
LA Fol ff:fs}mi VAR 5B e B 42 FoRdbelbe)
Zrw, R BEE geleke W58 Wi 2 EE
REtd 25 pommE AR e H N, 2912 &
EhE whskel, EmY K 12 U8k iR 2AE L T
Al 60 % 30mee] vistol FHHT WM AU # 13,2

313 % 23 W(ABE FRE uhsh ok
# 10 2IE1 Sommo| HE AMNE

Kiln schedule for 50mm Ramin

BE D b cowace i
40 Above | 110 307
40 | 110 4 108
35 ' 110! 6 104
30 ! 120 10 110
25 | 130 25 105
20 5 140 50 90
15 160 50 110

T 1. B AT & R SRt HRER

Results obtained by wusing kiln schedule Table 5
for meranti

RO AR R MR N nng

4 o Drying
ISanrrlple %E« i E‘M? ,t_ilfle Drying iiefer:ts
sMIL | 267 7.9 309 muel
SMI2 | 2n3 7.5 | GRssaerdening
SM2ly 2.6 BT 7aGd caseharde-
5;M22 26. 9 8.7 " ning formed

3.5. ELIRH IR HBER

AV o 30mm, T HKES 58~66% % K 39
etk 24 Fell sle] GRY B B4 2Ysu 2
Y 92 Ronst wieh cbeh Rtk 8-S Qe K5
2AEE T eommel WAY AEE F 14, 29 108
B Fomshs whep gbol, 2 K 15 W A EE W
fasked fesRer e # 16, 2.9 15 § 19 16(AB)

2 FiAvskis nbe) e},

12 4 BR AHE

Kiln schedule for 60mm Meranti

DT e

O AW A ARHE(R) WTCEC | RH(% ;EMC("/) K i
- ! Yo ja

40Ahove s £0.0 56. 0 57.2 87 15.8 2.53

40 54.0; 60. 0 54.0 56. 1 82 13.8 2,88

35 54.0 60,0 52.0 53.9 73 11.4 2.07

30 | 600 655 53.0 55.0 58, 8.3 3,62

25 f 66. 0/ 71,1 49,0 51.7 36| 5.1 4,90

20 66,0 7LI  39.0, 433 21 3.2 6.65

15 66. 0, 711 39.0 43.3 21 3.2 4.63
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28 12, R ANE X SR LY £ 60wm0E
Mste EaE REmE{t

Casehardening formed by using Kiln schedule Table §

TEMP

MOISTURE CONTENT! ¢

F IR 77 120 160 300
DRYING TIMEZHOURS)

y Wi

a3 13 g AN = 120 WA Rk

Drying curve resulted by using kiln schedule Table 12
for Meranti

4. R A BN

4. 1. 100°C Ovendry

AT %iike] £3E EAE 100°C2 B oven
ol A sl R ) 2 kKo BRE 8N
shoolel 2 AHY AL Eikel R A#e Ko

8 141 U AAHE 28 U S 60mm
EHR EEMEL R R

Casehardening formed by schedule Table 12 for 60mm
Meranti

e RuoEd gl
S 142 Vg A8 128 LY 57 30mmd
WA REELE VR R

Caschardening formed by Kkiln schedule Table 12 for
30mm Meranti

el RS EMaE LRl ed A 2E HHA
¥ A0 AT wiRdid B EEY 5 o
Al gt 100°C ovendryii - AT ERAAEE Bfist
i Aol g4 e AR BHiH,

A WIRH GBI Pisted MY oven KHE HE
& &K% MARE WY R X2e #BRg us
FAUSL, 2 KEE &6 Tibsle, Wil K% 8
50% A ik GRE 5%7ix gigsted HESE
FriS anES obgsb el

Ay 4851
38 265 R
2k =l 188

2% AOfEd MRHE MM 29 72 Frd v
b el ATt A Eila 2 See B B4
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£ 13 U RANE K 120K ERE €12 B2
Result obtained by using kiln schedule Table 12 for Meranti
G AER LR A MUERD | REHA ; W e B T T
!
Sample No. ’Thlcl\ \mm)‘ IMC(%) | FMC(%) fDrying time Drying defects
MO 11| 60 | 364 | 6.3 | 223(hrs.) 98 (nane)
MO 13 | €0 | 36.5 | 6.6 ” sl Cknot check)
MO 21 6 40.8 | 8.8 ” 12 {nune)
MO 23 ) 6 | 2.8 | 85 | n "
MO 3] [ o 412 | U ”
MO 33 60 | 40.8 | a8 . n "
i : i !
MO 12 : 001 39.2 7 7" G 8 collapse 1080 nindd cotiapeetonmed
M 22 ‘ KT 47.0 ; 4,4 ) 124 gw_; g\/‘p“ntg
RS (O | 30 6.6 4.8 | ”

#*z 14,

KR ~2¥E R 58 YT

FH 60un0l ERE R ER

Results obtained by using kiln schedule Table 5 for GOmm Oak

Ul b bt g

7'iV 13 [
T

N ol K53 i

i Drying . )
‘m:np«e»ho IM( % | BN ime N - Drying (l}luls o -
: R U TR e X mmtad, KO, canehar
Au 18 30,49 14,2 306 dening Y 08 cuppin g
: Surface and, knot .hukmg Lasehmdemg and mibdeupp |
AuO 20 27.7 1L & AN Ldb?l\!l({(’hll]g maicl casehiardeming tormed)
‘ | 1 R O 200 & Sl st Sdmm, KO, casehard
Aul 31 28.5. 12.6, ", ening'?ﬁhk
Knot checking, sarface checking and coehardeniyg
Au) 23 29,4 13.1 rrlowEBRYS 20N R el AV R Do, B C 9D Cup-
ping % casehardening.
} B Knot checking, mild capping and caschacdeming
® 15, LR ik 2B
Kiln schedule for 60mm Qak.
e DRI S SRy DT(° \’VT’“
s v MO < Kou
MC at start of step g /3—?‘-5, Se
Lo mmerer 5 el S W
t0above 31 38 8, 360 8 1
40 3L 38 27 45, e 1.5 2
35 31 R5) 26 4.0 77 IR ool
30 37 14 3 3R, 1 B Y 304
‘ e - . q
25 ! 42 49‘ 2? 35. U_i 41 6.8 RIRTY
20 ; 17, 54 2y 310 15 3.0 5.
15 : 60, 66 2 36. 0) 24! 5.2 4. 65
i i | | .
Sleh, LS MREIE RIS BREE oM webd B el webd s Lol
A ekl el

100°C ovendry ¥ihicl eleld fiwe
FORCA v W, W & A 40~50 %o

A 4}»&-“ £l a}%_ WL ¥ 2047 ko) 2,

£ 2~v39-‘1~‘fn‘1-=‘5 FOAE Mol

g AU Kol AR |

1t W)

AL Kol

et

v 91.2 A {ﬁ
Hoks]
1‘?}‘}@%}

s ed Vel b T

S RIS

4.2 £ 30mm ATERR

Wk AAE & 3% e Wby, ebl, T
b e T4 0mmE AL T RN L 4R
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A, oebwl o el ATER 2AE 15

® 6. HUE AHE F 58 ERA P R
Results obtained by using kiin schedule Table 15 for Oak

SEARY T A [FHEKERR AR %ﬁ_ﬁ#ﬁa’l &% # 73 6]
. rying
SampleNo. Thlc(l;‘]m) IMC(%) {FMC(%) time Drying defects
Pith Bl KT Xl Tz AOHZIPER
01 60 50.6 15.8 624 End, surface checking formed owing to the pith
02 ” 55.9 12.7 11} Casehardenings} Cuppingd Wz g ok, @IREIZIE
0 3 " 59. 0 12.9 pl RS A 4
o ' casehardening and cupping formed but none of chec
O 4 ” 55.8 16.6 1| king
05 ” 58.8 19.8 1
O 6 30 59.2’ 5.3 "
o7 ” 50. 0 4.5 "
O 8 " 49.4 4.6 "
09 " 51.1 4.6 "
o010 y 51.6 4.5 "
o1l " 59.7, 5.1 "
012 4 64. 1 5.8 ”

740 360 150

T T TR

600
DRYING TIME(HOURS)
SR ATH]

a8 15 BUR KR AAR X 158 ERE &
o it

Drying curve resulted by kiln schedule Table 2¢ for Oak

FRete vkl gol olul ¥} HER WIHE WEHA ot
Yatgehe Bl flold Kigfo R ®|IOT &AFol
e AL HEY & Ak —e R Keylwerthit &
BRKY Ty A% BB Kt T SXKEEM
O job 24 4% HEAKY RE-S REMRE
(fiber saturation point) LAF2 2 4Kkl Bhdltod
o @Rl Sebd gERKY FE K BEHE =24

a8 16-A BT R ANE ¥ I6E
mn0ll RIS FEBELE R R

Case hardening formed by schedule 15 for 60mm Oak

£M 60

O3 16--B. #AUE B AMHE #5E M 30w
o WA EmEt KRR

Casehardening formed by schedule 15 for 30mm Oak
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b F kil AL Keylwerth foll & ey
& o pEge, el HEK] TAEL Hille &
i AH el el A8 Ky g ZRE RE
of WkpHE MAkshkd FEHA Ko Huelt REE
& Bk Seld UPEH: Wi HAE Piksk
A Bt e 2 ol R, Fr8 @ el sled
4 Keylwerth H& Al sk 2ol %habet
2 5 30mmel] BE &£ 3 2AE Wi

Keylwerth [& 3 LiFR shges ast & #iffol ¥
T R mm& s EIRES Bsted s w2 E

2l B,

glef 4 =

AEL sha e @ERAS (ERskd e A 2AF B
| glel <l f/r {EAS O G ARFel H-dle] e
B2, odelxl s KL GkFel v FES glo), ik

pE el R KA A IR BVALL 4 B
E o, g g A “}"E " el A
& 2e AdFels, ehul

2 tilel {vitiEle] ek

4.3. BIRl ¥R ANEB

ebal 54 60mmoll AHIRY TR A E- K o3t %
L, CL B ARMLE B 6 R JORSE wielxtch K S
£A %o JOHN M. McMILLENG 7} elel 5 6/4
5l R/4el Aol Eisted WA A& FiEE FHT A0
of, ok AAE el glol 4 e ebsle] T Rtk i
te2 Fweked kA T aAAE By 25%2 B
Wb, ERE RN MR KEFER LERY B, A
I 49°C, BFRY 2% sheleh, o WEBERE &6

LR JORRE mka) bel, kiR R M SAEE

7R Tl RACh sk RS TNl ol gl
3&2 S4B A LR "f"t 57 %l wiakel, o] 9 ':?‘.-”5'}

WG Wil S48 b ol B Ryshar oigd A4
sk oinl AL R WS s
A DRSS R e SRR S £
A2l B e s E mechanismab 4 '}l‘%‘ s E
= RETsE EESTel WIBNAY Aol whelal s $oh
Sme LR el —How W BEEE 3
ol i (AN 2ol K MM WA 1{:«:}543} =

]
[r] B clulgl o g B o},

._—v-.

L

ehul R AR 2 5E BAE W RSR X 68
grfrstel elul S0 60mmE ERskAl EHRshl f%"t
£FF L b R R }14 e 1701 #WfveEls
bl S 30mmel ¥slel X 18 AR Ee] HEE '*;
o® sl

bl Fod Ammel ¥IF WAER A5 & 4 2¥8 Y
2 97 Lagr wbel kel fpigel WARIRIAE L

A 4R WP SKEE3B~64%2] HEEAKE 1855FRA
AL iR ¥ 4 sldodl vl de] EET % 18 243
4 @Y v RS ¥4 S5HY ¢ e e
2 #EEHch

# 17. Ramin 60mmOi| B3t %1% A5NE

Kiln schedule for 60mm Ramin

(m&l}ﬁiﬁ( - ;‘ !
WA i ! EMC
# By o pyiw copn|
DT( L)V&T *OIRH (%) K It
MC  at ! (%>
start of : i e
step : N ; i I
zsAbovei 400 410 87 175 143
25 L4900 45.5 82 151 166
20 . 840 50,0 78 1.1 153
15 655 52,0 48 6.9 2.17
1 L TLD 43, 0-‘ 21 3 2 342
e 2 Km{\;}_i;?[rif MR $rkel 1, 6ol
A 308 ETeh e $hsl @ Fe w4 Pl

AR zo~z5f ol BiEled L43E sk el FMie
b, o GkEel MEol <elal Keylwerthit s k17
wb ogro] bASH WhEsh MiditrS WE sleich

% 18. Ramin 30mmOl ¥3l &8 ANE

Kiln schedule for 30mm Ramin

AT [
e '%73\ | EMC !
e, DT ) WTC) RH(%) K R
start of : (%) |
step : i i

M TN T
25Above 544 40.00 730 12 7; 1.97
25 60,0 520, 66,00 10.0  2.50
20 65.6,  49.0 410 B 345
15 710, 4330 2190 3.2 4.69
1 Cosn2 454 26,00 33 3.30

4.4 Lig &g A3

WA el 30mmei, (bR A S % 3] WEd ok
WAk el LR RSl A By 4 gk e
| & kate] sl e 85~02% 3 (A4S kiln-
LAl M ERIEME (1Y 9BFDE TN
shal.ont A Eiglel 4 'z'é'm B e R
sleb glom, el Wk HUEE K 4B JORe vt
el obE HifE 2o xgu_ shgbth, = 4 12 AT
£ L B RS TR S 1308 HORT vheiziol 4
B K4S 36.4~47.0%2] Waiel sled A T8 o] colla
pse g FaREldd ok, AEEC S AR ¥ 10% 70 Gt
ol EE I64RERe] BiEiE gk olsiaol g

<3

drys}=nl ¢le
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Ay, ehd o vk ATEH 2AE 17

£ el Eigdete A ohE B Hatd 2 B
%o #HAcE A4 B

ve} Fa 60mm AL &Rl EHS X 12 2AIF
€ FR OREY FRAAAA BEL, TS HER
gk 24 F vsh(lauan-medium % light) 10/4%) 2
of 7 TO—C3& BRIt & 2A%F &H HR
o 13, 29 139 a9 4B Forsl wpebzie] {J
ol R GRERS TUREE glenE, 12 2A1ER
hsh Sl 60mm, WM BAK ) 40%E BE2HA &
#E 4 P EET 24 S A AL BEY ¢
alel, el v J2 12 £AIE Boh W] & MR
e 2AERA TI0E HMshd ik asing st
ol £ 9 Aoz FHEdeh, 20> To % TIO
£ Al W UL 60°CoAl A tAESIE dors] S Bk
pefrell glet 4l T1oe] Tomcel of Fvh, 2uls] T104
hifs BsErell glolAte) Wiy ol K 5 2AE R
g (A SiMy, SiMys, SiMy % S Mol #AEHA
f082) HEdR BRBA-L HEEEA eplEhglvh e il
o], Vg S 60mmE fEphebedl TI0-Cell (4%
B #1908 AT S dE AR Wil

F 19, L2 FH 60mm AL ¥ AHE

Kiln schedule for 60mm Meranti

RATEZIDES | :

et 8% preenmmee e | 24S

of step |
40Above|  60.0  57.2 87 15.8
40 60.0,  56.2 82 13.8
35 nl 53.9 73 1.4
30 6.5 5.0 58 8.3
25 71 1' 51.6 37 &1
20 76. 61 48.9 24 3.2
15 82.2,  64.4 26 3.3

v Sl 30mmol et A€ £ 12 ¥ K 19%
#EAmsa, S 6ommigthel FrEsl: BpRach W4
#& Wiz KR ERY 4 g AR UH
geh ohgol NEHAEY FRFAA #RT 0
E, BT $o 30mmoel a Wik £AE K 208
i 6ommel] & Al farsy) FBatel FoRsHe k.

4.5 HLIPH Bk @

A Bigel A FAT AE F 30mmE SRR
s o] B RRT SE, HITE MY 2 WE
HErE #oRelg o, =% 100°C ovendry gl §
A% JhA ® kD BRe MREAAT, GXE S

% 20. LI2 £ 30mmo] B &2 A
Kiln schedule for 30mm Meranti

T
e PTCOWTCORH(z) | BMC
_of step | :
50Above|  65.5] 616 82 157
50 ni o 60.0 7% 1.8
40 noos7.2 6 9.6
35 n o 5L6 48 6.9
30 7.1 48.9, al 43
25 nl 433 21 3.2
20 76.6  48.9 2 32
15 32. 2s 54.4 26 3.3

£ L AE 4 5o 2L 81 Tmmel @AY + oo,

%A fehsh el RS MHE 2bg Ag ko] ef
e Blfe, AT B ohe HBIMG ek &
widl Mgkl A kgt =€ Ad5 5 60
mmell ${3he] £ 5 WM 2AFE PR B Bk
27.7~30.9% ¥shed EMT Re 2 14 9 2y
10 Fo2 FRshE wei2e] Wad: Yo Kom
B, i R, KM WL 9 cupping-g TANERY o
= el uldol o R AAIFl RgHEcoE A
Aabgta led, welA olshe ME RS #EEE
a, Ef RBHER T 050K I JEKEe]
s & 50~60%% % EEstd A Fol 60m
moll REIT 2752 152 FURTE vhekpe}l. Ak &
A& Ll HEd TR IR 2AE FR T2—C,
of Rl K 25E BHT BB X 16 19
158 % 29 16 How FoR% ulel o] G cup-
ping® RS & B FIBY K SRS KA of
Y oggerme ¥ 1SR FRske Ay 2AEL §
7 60mm, T SHE 50~60%F KA ERY
4 9l A ERA R K 2AEE ERT
HoAkdr Of, W221 8t W28 B3 &l #fis K
0 OEZ-E st o, o WHE Al (pith)dl &
g Aelg enz ol o (AL Wi kA Bzt A
Piorbdhed o,

i 30mme Kl glel M E 1 {tAAS] Sk
o] Rl &L 50~60%7+ Wl 944 7 60mmed
g 2A 5 S 292 FAEE Rl s, B
&4 siel Flikshe HEE FA 60mmE L o
Figs = B 2o s Bigs gelalch  JHE NEY
PI%eHTol A REY AT w 2AFSE #202 R
sl ukoh ol el webd £% oE Al Eel
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#rsta gled, $el vebE 3l Hibd e ol
ul A% ESEST FoRstE vkebre] Southeren lowland

thel Razste 2 BAREE B 5% BT chel
AL &kt Aol KREdhoh 2l AL %Y §

oakell @A £ 7MY BR 2AEFY T2-Clol 714 EB(predrying) 24 Kiste Rirhol HWs) 7 4
WEY Ao Bedoh EAH ATE RS OA o BiREE KTH2 ¥5§ £8 HEso
1 & shol Bale e, vlA A= 3u 8 Kt & o & Zelr},
*x 21 LS ATER ANE
Kiln schedules for Qak
. ; - T
i i e (inch) - e
4/4,5/4,6/4 9/4 10/4 12/4
DT [ WT | DT | WT | DT | WT | DT | Wt
Oak, California black T B2 T3 B ] ] -
Ouk, red T4 Dz T3 DI T3 < T3 c
Ouak, white T c2 Tai C1 Tss Bl T3 Bl
Oak, Southern lowland ’l‘zj Cl% - ; - —% f s

2 F X K

1. Vick, C.B.: 1968, USFPRS, Low-temperature Dry
ing of l-inch Sweetgum,
* 2. Ricts, R.C.: 1868, USFPRS,

drying temperature on development of warp in

Influence of initial

one-inch hard maple lumber.
3. Cuppet, D. B. and E. P. Craft: 1971, USFPRS
Low-temperafure Drying of 4/4 Appalachian Red

oak.

4. Rasmussen, E. F. :1961, Agriculture Handbook
No. 188, Dry Kiln-operator$ Maoual
5. McMillen, J.M. 1972,

Ramin,

Seasoning aud Handling of

6. Sato, S. and S. Terazawa: 1964, The Properties of
the Important Japanese Woods Drying Properties,
JFES.

70T 1963, M FHMS AL B Bt W

. SRR RE e,

8 T 24 11968, {LRUHEE AT iR B

BT B MR mEa.



