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Temperature Measurement during Deformation by Lateral Compression

of Wood Using a Thermography Device
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In order to examine the relationship between deformation and temperature rise during lateral compression of air-
dried wood specimen of hinoki, surface temperature was measured using a thermography device, and was calculated
the ratio of work of deformation to thermal energy accumulated in a specimen.- The thermal energy was estimated to
be 24-28% of the work of deformation. Compressed specimens recovered in height to about 90% of its original
dimension after immersion in boiling water. Furthermore, the analysis on the effect of thermal dissipation to
surroundings on the surface temperature of specimen during the experiment showed that the temperature rise in
center part was higher by 0.22-0.34°C than that on the surface. From finite element method (FEM) analysis, the
thermal energy generated in specimens was estimated to be 45-52% of the work of deformation.
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IFig.3 Relations of stress and average temperature rise to strain during lateral compression of a specimen with narrow average

annual ring width
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Note: Thermal images (upper left) .aind video images (upper right) are at the same times indicated by arrows 1. 2, and 3, respectively.



152 FOR. RES, KYOTO 74 2002

14 Ty
_ 12} =
o 10 | 2
= g | ®
7)) -
o 6 ®
5 4 . ...0... g

2 .0". g

0 Moaes =

0 041 02 03 04 05 06 07°

Compression strain
-4 OFAEENELCTHRELSOBR CEHERIEOL VR

Fig4 The same as Fig.3, but for a specimen with broad average annual ring width



BARTTE 74 2002

(BB REOFYE) OBR, 25 TICHBTFORL
REIC B 28GR L ROWOBEEZRLZHITH 5.
- 3 OFB OFHEHFF08m, K- 4 F1.6mTH
. MEICBIFAROBOFEE,P LIS L HIZ, £
PHEALTWLHSTIRELANEETH L L2 bHh
B, 7o, BB TRECIIAEH o O HE TRE DR
LE L, AMINAT IS TE DKL R AR ORLLE
ROBESHERR O, X, RE 4 2OMET
BT A RANDOBGER, L TOEMEIZBIT S YT
NOBMEEL LW Lo THRMRB LA EICLBbDE
EzoNh5 (k). AROBIELRE, BIZHIE W
BEERCE, 18~20CThH72. 22T, K-3D
L) IERIEI VR CIRE LRV ERN TH o 72
DKL, M- 40X FERIBOLVELCIIRE -
ADVBEEIRTH - 7. Thid, ERIBEORVAE TER
BICEENLERENE L, ZHROFMIBIFAL M
B — I8 T 5720, BEOEE Rk TR
BRI 5720 L, ERIEOILV AR TR
BCEIFNLEGES DR, ~FERHNORM DAL
Wi, BRFEIFTNOWEINCEL, £ORKRIEE
FROLWEMIC R -7 EZOND.

32, EBAFEH#I XX -OMRE

FEHERER &5 2 72300 HE, KEiTHR<SL LI, B
THEOBERRAEE & B2, FLZ20BOKTRIEICLS
THEPKRECRET L0, ERICELLZZAVF—
MOBLEE LTHBTABTEMET S0 T8 L
Wi, F2T, ABOLREAEGE L CHIE L 2-ERE
FROBBRIZOWTRET 272002, RBEOERICEL
-1 EBCELLHES O) T 5RBICE 2 SN 8
IRALF— (E) OEE

Tab.l Ratios of work of deformation (U) to thermal energy
accumulated in specimen during test (E,)

Specimen U E, EJU
No. [X 1033/mm?] [%])
A-1 4.24 1.19 28.2
B-1 4.68 1.22 26.2
C-1 4.51 1.08 24.0
D-1 4.84 1.25 25.7
E-1 4.09 0.75 18.2

Average — — 24.8
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Tab.2 Dimensional changes of specimen and the percentage of
recovery

Specimen I I Ie A Py
No. [mm) 1%]
Al 19.75 7.63 12.00 19.15 95.0
B-1 19.90 7.45 11.75 19.25 94.8
C-1 19.95 7.27 11.95 19.30 94.9
D1 19.85 7.89 12.10 19.05 93.3
E-1 20.20 6.33 11.60 19.60 95.7

Average — — — — 94.6

Note: [, is height of specimen before compression test, /. is
height of specimen immediately after compression test, I, is
height of specimen after four days from the end of
compression test, /, is height of specimen after immersion in
boiling water, and P, is percentage of (I,—I.) to (lo~{.).



154

EINOBEEZEZ LLBEVPHHILEERL TS,

34. BHORABEICOVWTOESR

32.TiE, B A NVF—2iB T8, Aeko
BENNE SN RERECHELVWLOLREL TEME
L7z, L2L, fBoERENXEFTEE, B2 HE
ARREOMICEEENE L B0, REPICW SR
DBEDVABRED O RFFICHIFHELTwEEEZ S
s, 72, ARELTOEMEATYTIRLEELTEY,
COHFMIZH WL SLBOFRHREHLb0EEZ LN
5. 22T, MWESN-RKERE L R AIIRE & D%
* REEOFETHELL.

3.41. BHFRERAWE—RTIEEHEZEETILTD
BESTOHEE

HEAERF OIRREIZE Y, —KTCHEHBUREE 7 VI
DWTIHN R V722 EOFEL TV, RERE L
ABNMEEOEZFE L. EFVIEZUTOZAIE L,
WTFRIZBWTHMMESF R OBRER 4, =021 W/(m-
K), #iMEl BERXAMOBRLEEER L =010 W/(m-K), &
B p=380 kg/m?, H#hc=1676%10°]/(kg-K), #4
ZEFR a=582W/m2K)k L7 2B, TNHOK
oW, BnER, BEERBOMITCHE", Zh
PAOBEIZERES V7. 72, THEFVE S RERR
HEHD 530 sZ &1, BFRAT132 sE TOREL KD
7z.
(A) FEIIREE 0 C, WETHANEEYUY ADRKEID S
EZ2dOFHEREOCHORAPICHBLL-EEDR
K% OO RIS S

KR t[(h)iC BT BEER 0[Cl, EROFLA, S DR
BE#x x[m], A=10475x10*W/m3, F5DEEZd =001 m
L, BRI QRO AV

A 3 g2 2 e % cosK x
m {Zd hd®-he'- 43, K (K2 +1?)+ h}cosK,,d}
ZZT, K, \ZKdtan(Kd)=hd DERTH Y, K~K*
TaRDA, F72, hiZHLAEERTH Y, @WRITX
STRIN, ¢ FRELEERTHD, GRITLoTEE
nas.
h=a/A @

a=MA/(pc) (5)

B) EREEENONERE 0, IF—H OHEHTIX1.91T,
ZOMOFEHTIZOTE Lizs EOBEHEIZ X BEES
pos

(=)

MIREAEH L ) S WIXHEZ [Lm] & L, A

FOR. RES., KYOTO 74 2002

WZIZ6) X 2V, I=0, m=1975%102mé& L TP

B/ IIT, erfy LIFEEBRETHY, NTK
Xh3.
(7} m-x | -x
f=2Jerf "% _erft %
et o
2
edy=37Le5d§ @)

EFNWV(A)IZDOWTI32s BOWMESTAEZH - 512,
EFNV(B) DIRESMORBMELEZR - 6 1IR3, WX
o, REOREEINHE DAL VKL ZoTWEIE
WA, BlZE, KEREISHIONTCEE LA LE
&2, KED SERITANC10mARO M OEE FHIEER
& 0034T, S M TIZ021THEL Koz (K- 5).
K- 6 T, FENRENEVEBOMRE L REHICIZE

_. 23
o
— ‘\‘
Q 22

)

f 'l_'._\.\
2 21 : ™~

© ~+tangential | "~ \_

o direction \\
QE, 2.0 - ongitudinal \\
= direction

1.9

01 2 3 4 5 6 7 8 9 10

Distance from the center point, x [mm]

-5 EFNVADI=132s 2B HERB L UM SR TOR

2 i

Fig.5 Temperature distributions along tangential and
longitudinal direction for model A att=132s

o ox= 0RO BLERL, r=10FROREERT.

Note: x =0 indicates the center point and x =10 surfaces.

t[s]

g
o

e N 30
1.8
N = N\ e
‘M7 - NN o
:151.2
51.0
]
0 5 10 15 20
Distance, x [mm]
-6 EFVBRAOWMMIRE 6,=191CH»5 2 5z HIBICE

VBRSO S A

Fig.6 Temperature distributions along radial direction at the
area which was applied initial temperature 8,=1.91C for model
B

# 0=x < 19750 XM ITHIEE 6,=191C25 2 b/,
Note: The area 0=x =19.75 was applied initial temperature
0,=191T.



TRMBSE 74 2002

WO LS T0.26C, MEBS TOISTET LTS,
ERRITIE, RAIIKRE OREEINEL, TREBN
ETOMBIRERL D H 120, TNITEORERTIZE
IohWweEZONAED, FHELIZFROFLERS &
oy (M) TO70CHOREEMPEL S EHEx Shi:.
INLOZE LY, BEEED LKA Y THRANDERD
WHICX O —F 797 4128 > CEHAIL - RHEIRE
AENTORE L ) 2% DKL, RERE,»SHEEL
TBRIAVEF—IERLI)IBR LD LEREZIN
5.

342 BREFREZEAVEZRTHEEHEEET IV
TORFBEDHT
HEO—RTIEEEREZEDOMANT TER, L, TOX
FEZDOWTH A IZEEZRIT) 720, FHAOHREEE
MELTEZLHEPHERW., 22T, NHOARER
fENTY 7 b RO CTHABRS TR D 2HED=RT
FEEFIEEDOENT 2 IT-7 RBOLERITERL T
). ETVHEEDS X ORERROMBITICZEMRCH O
DISPLAYN %, 3k BB OF RERMAT I Mo
NISA/HEATI % v 7. &% 8E L7z —2002md
IEARTRIERE 7 & 2B THE HE L 72180.035 m, &
200l mOEHEKREFIVNL L EZRITEHERETFNVZ,
AEARESR (K1) CTERSEL, FREZEFTVE

~

O
O
&R
R
o

&
3&
e

%

%

QXX
O
o
%
X
KK

&
@
&8
0’0

5SS

10

&

Avuund
EIEN

unit:;[mm]

-7 HREZRECOHOEZRSEETFIV
Fig.7 Element division model for the finite element method
(FEM)
# OREEFNVTE, X, Y, ZidEnREhEME, B, R
FEIZHYS L, B THEFVTRE, X, Y, ZilizFhFhEes
e, BRI YS T A,
Note: In specimen X, ¥, and Z-axes correspond to longitudinal,
tangential, and radial directions, respectively. In loading plate
X, Y, and Z-axes correspond to radial, longitudinal, and
tangential directions, respectively.

155

BgEL: (K-7). ABEF NV OBAZEHKIT0.2]
W/(m-K) (AT, 0.10W/(m-K) EhHEm s H)
L L, mEIX380 kg/m3, HBIT1676]/(kg-K)& L7,

CUTHRE OV O BRI E130.30 W/ (m-K) (BT 1R,

015 W/(m-K) (BB HT) & L, HEIE860ke/m?
H#iz1676 J/(kg - K)& L7z, EFVEROEZRHIZ
208018, HimEI2817MTH o7z, HEEHIZBWT, &
BHEF VKA X, SR mE Yl CEES
MW Ze L, YTHREFSMEERTHE X i, i
TiE YEh, BRTnE Z8E LT, ZHNoHmE
L5 ZCEELZ. BRE&MFE LT, BAOEER
273K CT—%, EFNVOMBEEIZ273KE L, AHET
NVEBET A REEPSLI2X 1AW/ mEDEENH 1,
FRRBEFTURRREEL TV LD S IR ERE
582 W/ (m2 K)DEIA TEHMNRMT L2 DL L, 4T
WEFINERRE DOBEREIIMBAIERE L, BESA
123 sBEICIS0 sEFTREL, ABOLERITIEZEELT
W,

X — 8 i3 EE 7 Lo HO~®DiEE DR R AL
ERY. M- 9idHaO~®% a8t X-Z FHD132 stk
DRESAHERL TS, RABOREBTIZH /25 RIED
HiE@E ZHOHLOE E®TIXI32 sth, 052KDME
EehoTwad, T2OFRE REEE) O EiRE
O EHREL274.92KTH Y, ARHO % & T LI I H
(HEGO~®% &M THOFEHREIZ275.37KT
045KDIREE L o lz. TORBLBITROREREL H
bETEZLE, WELLKIREOTHHEE, HE
RIBCOFHEEL Y 345 L HOSKBRE K72k

o

</

K0
l‘v‘."’
K
L

Q
< i

RIINTINE

NN

[TTT7 7777
Nosaw=ony
&L
SURRSTREN
STTUINNEY

N ST 2
NN

\
NILLL

277

e ||*+0
< 276 5 ||~
o e ||+ 0
E = ||~¢
® 275 Z= =@
: P =@

273'0 20 40 60 80 100 120 140 160

Time [s]
M-8 HEO»5®@ICBIT2REDRMEL

Fig.8 Temperature variation with time at nodes @ to



156

Z2bNnb, 357, WHHLETHREMITE L 7Y
THRANDEDOFEMN OB H ), FEMET NV Tl EHED
GOMED S OBOFH DR VIS, HiH®D132 st
DL, oStz 75 2 TR L728E, 2o
REATHEAE I VOISV E VI REEAE SN, 1272
L, INHOETERAOEMELZZR L Twin
72, ARSI FAEZHET 272012, Zhood
ZEEL TS ST 2 LED 5.

3.43. FEMEERETICL I XX —2ES0OHE
32HiTIE, ERICELALE (U) 024~28%5% A
PHCEZ ONTBI ALY — (E) BB ESN i
Bl (£-1). BIHOVEMBH T, RBEFLVOE
FORBB TS, 132 sBEOEHOFYIRE 5

]

FOR. RES,, KYOTO 74 2002

HEMEMULIZKE 2 EHEFL (M-9) 2K, £
DEFWVIIDWT32 L FABROEIEZITH &, 1.22%x 1073
I/mmiOBI AN F =R EZ ONZ LIk 5.
—7J7, FEMEFLVOERIZE 2 728D 513132
sOMIZ227 X103 ]/ mm3OBA T AN F—BEEL T
e D, TOMRE, RECEBRIIEA LB AL
F-RRMBEISRDMEORL6ME L 2D, LRAL
HIZHTLET AN T —DEGI1345~52%FRETH o 72
SEWh D, L, EBEORECHE LIRS L
FEMH CRONMESMIEETREZD 2 0 b,
BUASERBOM, HEMBIEIOEE LR BIZOoWwTE 5
Kt 2 BN DD,

WO HDEODS®F Mt 2 20X -Z FHIZBT HIRESM (t=1325)
Fig9 Temperaturc distributions on two X - Z planes which including nodes @ to @ and & to @ (¢ =132 s)



HMERSE 74 2002

1)
2)

3)

4)

5| 3Rk
THE " (1981) (REGEHHIL. 342pp, THME, HiL
THMEZ (1985) #EAM. CRMofe 2 Aoy

REEE - AFEZ - W - k& & -ITHEH - A
TN HEEE R OF- - FIHEZE, 286pp, WKE,
B0, 195-207

BH R EEATEE - BEECA-AE (1995 MuEL
HFI RS HEIM OB R AL BUKEH. 67. 167-173
BH B-BEEE (1998) MuE LA A, 7
AYH—=-TaL Y PRUAT V- T L — -T2 T ¥ OBRE
B2, RUKEHR. 69. 114-128

PEERA - BH & HIERA-RBAIEE (1998) KMo
TEHBREOG—€7 5 7 4. ZKEH. 69. 104113
HARMEMES (1975) (ZEAI¥ER (BKETH 3D, 351pp,

9)

=

10

11)

157

HAMWT 2, R
PEJISRERE - BRmMAY (1982)
471pp, LA, HET
Okumura, S. (1985) A theoretical approach to the cutting
edge temperature in interrupted cutting of wood. Mem.
Coll. Agric., Kyoto Univ. 127: 29-36

Okumura, S., S. Nanba and M. Noguchi (1993) Thermo-
graphic temperature measurement of tool-chip-work

PRAR T2 AR IE  (RBE.

system in slow-speed wood cutting In Proceedings of the
11th International Wood Machining Seminar, Honne,
Norway. 41-55

BAYIETE - SAARFIRL - BRHFA (1996)  AM O i SERNF
DY =TT 77 4. FKHEM. 68. 161-169

FEARSFE (1985) M. (F\AM LE. PHREZREE,
457pp, EEH, Wi(). 177-185



