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Abstract

In the wood cutting process, it is important to obtain the actual stress distributions
over the tool rake face during cutting and to investigate the changes of the stress behavior
depending on the workpiece conditions, but few studies have dealt with the exact measure-
ments of the stress distributions, and so, the main objective of this paper is to obtain
quantitative information on them.

The method of the measurement was based on the use of the composite tool which
was divided into two parts parallel to a cutting edge in order to measure separately the
force on one section of the tool (Figs.1, 3 and 4). Using this tool, the stress distributions
over the tool rake face were measured directly in the wood cutting. The frictional coeffi-
cients on the interface between the tool and the chip during cutting were made clear
based on the results of the stress distributions.

The main results obtained are summarized as follows:

(1) The distributions of the normal stress (¢) and the frictional stress (r) over the rake
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face can be expressed by Eq.(16), and the variations of the values of the exponents
and the coefficients used in this equation with grain angle (@) are illustrated in Figs.19
and 20.

(2) On the basis of the experimental results (Figs.13~16) obtained in the wood cutting
tests with the conventional tool and the composite tool, the ratios of the cutting force
acting on the rake face length (I.) of the edge part T: of the composite tool to the total
cutting force acting on the conventional tool can be calculated from Eq.17, and these
ratios are illustrated in Fig.23.

(3) The frictional coefficients (#) on the interface between the tool and the chip can be
expressed by Eq.(18). On the rake face, g can be considered to be constant, and the

variations of g with @, are illustrated in Fig.24.
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Fig.1. Principle of stress distribution measurement.
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Fig.2. Schematic diagram of contact behavior on interface
between tool and chip in wood cutting.
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(a) Tool for normal force(N) measurement (b) Tool for frictional force (F) measurement piece
Fig.3. Composite tool divided into two parts and method of force measurement.
@ : tool body for fixing T,- and Ty-knife, @ : elastic plate for fixing
base ® on body @, @ : Ti-knife, @ : Ty-knife, : measuring piece,
® : base for fixing T;-knife.
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Fig.4. Experimental apparatus for wood cutting.
@ : composite tool, @ : base for fixing composite tool @,
® : test specimen, @ : octagonal elastic-ring dynamometer
for cutting force measurement, @ : dial gauge, @ : feed
carriage, @@ :lift table, : motor.
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Fig. 5. Cutting method with conventional tool and experimental apparatus.
@ : tool carriage of canti-lever type, @ : conventional tool,
® : octagonal elastic-ring dynamometer, (@ : test specimen,
® : bracket for fixing test specimen, ® : strain gauge,
® : feed carriage, : lift table.

&
IUN \\
Grain orientation

(a) Composite tool (b)Conventional tool

Workpiece
~ N N

Fig.6. Tools used in this study and cutting forces measured.

l; : rake face length of Ty-knife, J; : actual tool-chip contact
length, @, : angle made between cutting direction and grain
orientation of wood being cut (grain angle), N, F: normal
and frictional forces acting on Ty~knife of composite tool or
normal and frictional forces acting on conventional tool,
R : resultant force of cutting force, Fg, Fr : horizontal
and vertical components of cutting force.
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Fig.7. Cutting diagram of test specimens from board.
@, : refer to Fig.6, b&:width of cut, @;: angle made between
annual rings of test specimen and surface cut. Arrows in the
figure show the cutting direction of the tool.
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f=0° ¥ =45° ¥ =90° ¥ =135° ¥ =180°
. - N— >4
v Cutting e
Cutting with grain end grain Cutting against grain

Fig.8. Relative grain orientation of test specimen to cutting direction.
@, : refer to Fig.6. Arrows in the figure show the cutting direction
of the tool.
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(a) Tool for normal force (N) measurement (b) Tool for frictional torce (F) measurement

Fig.9. Calibration curves of composite tools.
r’ : correlation coefficient.
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Fig.10. Examples of oscillograph records of cutting forces.
Fz, Fr and @, : refer to Fig.6.
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Fig.11. Relation between actual tool-chip contact length (/x) and
grain angle (¢).
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Photo. . Chips removed from wood.
Material : western hemlock,
@, : refer to Fig.6.
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Fig.13. Variation of cutting force with grain angle (#;) in wood
cutting with conventional tool.
Material : red lauan, N, F, Fy and Fv : refer to Fig.6(b),
p @ frictional coefficient calculated from Eq.(14).
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Fig.14. Variation of cutting force with grain angle (®,) in wood
cutting with conventional tool.
Material : western hemlock, N, F, Fg and Fy : refer to
Fig.6(b), u :refer to Fig.13.
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Photo.2. Examples of various types of chip formation in wood cutting.
?, : refer to Fig.6.
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Fig.15. Variation of cutting force with rake face length of Tyknife (I).
Material : red lavan, F, N and @, : refer to Fig.6.
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Fig.16. Variation of cutting force with rake face length of Ty-knife ().
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Fig.17. Variation of cutting force with grain angle (®;) in wood
cutting with composite tool.
F, N and /. : refer to Fig.6(a).
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Fig.19. Relation between values of exponents (8~, Br) in Eq.(15)
or exponents (B85, Br) in Eq.(16) and grain angle (@y).
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Fig.20. Relation between values of coefficients (ay, @r) in
Eq.(16) and grain angle (@,).
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Fig.21. An example of stress distribution over tool rake face.
I, ®;:refer to Fig. 6, ¢:depth of cut (mm), o, 7:normal
and frictional stresses over toel rake face, [: distance on rake
face from tool edge.
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Fig. 22. Normal stress (o) and frictional stress (7) at distance on
tool rake face near tool edge (7).
! : distance on rake face from tool edge, ®;: refer to Fig.6.
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Fig.23. Relation between cutting force ratios (ry, rr) calculated
from Eq.(17) and grain angle (®1)

FWTC, Te 747D %20.30mm (Vy F5 7 VvOEE), 0.46mm (R4 Y HDHEE) & LT
Ni-iey, Fia, #R®7o F12, Niey, Fooy WITRE TR X 2 HEE (Fig. 135X 014)
W, ry, rr TR TREBEH L, TofRE% Fig. 23R,

RDX s, ry, rp 12 91 DESBETCRIFHE CEE Gy=rr) 27 L, 8IG#EOE LT
BEAEBERETS, ry, rp OWEBERFEE LIRS LI THbB, ThoDE (ry, re DFHE)
1, ProBfbic b WMRREL SN, Fig. 28 CHRBbRB IS5, FRODOTENZELLHE
W @1 EOBBREABELIE VY A YH TR, Vo FI7VYINETFRENL ©ESWT
rn, Tp DNEHINITD, ry, rp XV y FI 7V EDBEFRECEEGER LTV, 2D &
BEBTIE, @1 OBbict d7%5 v, rr OEbIZE B L% 0.6~0.8 DEFATET LT
HEEZBIS, HWUHEIRELTHERGEIOHES V20 L ig+5 &, ZoBoyEIAL/N
T L HIEEOAMEIEICIE, FEEBAFTIC 5D 5 TNEADOE 5L OBEEME X D%z
BHTREVWEHEIhDL, Lrl, Ta M 70T WEHER I #X v/E LicFhuiin b
W OREDRDEE, [ OR/NCIIBAEL DB D, I ZHBHKE LTCERS T Lic
MNoT, ZOWREEIEIOBEETEEDHEIIL LIRS VY,

4.4 BHEEMAPICEIZITVEAEERBOEL

BONCEERTD 0 3 XOCBEEBILT « 046N, TCHEHBEREAR v % (12 Rick -
KD, v, 0 1% (16) ROERATELIH, Lnd (16) KRBT 5 XEHEHH po=p (Fig.
19218 ThHrnrb, UDKR0 p 3fHEckATRDES,

##ar/aa as)

Lo T, p 3AENDLOTCEDHEE i EEFREL Y, T VWHALT—ELK S,
A8 KT g RS, p O @ik bl dFEL% Fig. 24 ©ids vy K77 VT,
P1=20°~40° DJEBEIHII L @,=110°~150°D % FEEIT 2 XA X WEER R L. @1=30°
~40°Tix, Fig. lInbBb2R X 51T, Lk AR/MEXRTAETH D, IHEVHIC KT 54 h i
YIEHE» S, CAMBYBHBRENOEB N ThD, Lk T, HIFHALE» LS EHic
A5 & AW D5 A & B EIR OMMES R L pNiziE—3 L, YBEEHETT RICin e AW
Yo THERE RS (Photo. 2 B, RAMTNDORLEMTE, TBETVELE OBME
EREDHT/INTHBD, YBEOEDORAMI NI AL F T VEHEES () LTw
BEIENKIEID EELBND, DR, 0 LT v OMMEIGIEAE (b, T 0 Ik
B v REMCEA L, TORDYRERBEHICRELVAT 4+ » 7-2 ) , 7TEENEE K
% (Fig. 102, —F, $HIHE (P1=110°~150°) TiX, FIHIHFEECK LTS ES] L
BHEDBEEYINT 2 H 5\ IIBHEROBELRTbh, AR LI boERT < WHLTEDT



ARMTENC 313 5 HEER Ao & 117

Red lavan

064 ¢ T
a i b
0.4
Western hemlock
0' 3 1 4 il A Il L I ' ol L 'l L L 1 L L I
60 90 120 150 180 0 30 60 90 120 150 180

¥, (degrees) ¥, (degrees)

Fig.24. Variation of frictional coefficient (#) on interface between
tool and chip with grain angle (#,).
---@:-- : calculated value from Eq.(18),
—-®—- : calculated value from Eq.(20),
—(O— : calculated value from Eq.(14).
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bh sk « MENTOFER (sticking region) &, GIFBERSANCIT T < WIH & B35 4]
BETX, TXOBEAED OIS HEE (sliding region) ST Hh T3, HBEHDHEK
T, ¥ VELET p2i—F &) Coulomb B:RIZHR T 54, B HEE Tk Coulomb #
RIZBRTE R EDHE IR T 5120, KAFTEITrR, 3 <VESPFE & oBRER,
BB OB D TA X W —HO YT sticking region 23\FEET AP 2 & #B&IHE, sliding region
DEEHTHB EEL NS, Dz ki, Fig. 210 g, t DHMHL AL TH S, £BEY)
B, AT > < VELET ¢ @B LWELZE UB0R, KRETEI<i3 < WE
ECo, v LLRIBBEARN LB ERL, —FORNOEH BT LALRIE V. Lnd, T
Lo D, Thbb g BFVEALETEELSEND, TOX 5T WETOEMIRREIL
sliding region 23 EHICH v, FOFEE Tix Coulomb HAIZHEET S Z L 1i2ieb,

L L, RERO X 5 EFEORMIIEI T, NEEWRMOEOREN R LB, SETHE
T, TANERCERVI L, BIUNECED RV WHLOE IS EETE Iou
Tk, REBABREITNEMERY L AL, Thbo# R LT, $EBchi hBE Lk
FIUEe b WBREEE 2L T 5,

4.5 RAHMOTAYEEREEAHOUMIMIRC X 3 EEARE Ol

INETRNTERL S5, RKMUHICERT 5 BERE, & i Coulomb B%Alk X 3 EHEMG
Hop OMRBELNETR ST, O p H—BROEBRERCHE LR S BERAK LELTEhE,
YIHEEHL D RN 7 ECERRHED X E1tis s, L LAEKR, RN kT 5 BEE
DRENER, YIHIEES X OUEIE O BN T Ui LISBERERIC X % BEARNH
WHBRTER®, T T, —ROTAMOBEEER (Tobb, 3% b - AM & B
SR & DTN D EEER) T X 5> TROLNDBERKE, ChE TielixT &AM X
HEEEAR CREARTAET S WHE TSI R UBEOER & OEERE ExHELTR5,

T BEEERY, Fig. 5 K RTEBC L - UTotko RBAFOX XV EQLEEL, B
TEQTHAB A EmAHIL, ERETHEERLFE- <. To%, 20 NAEEEOEE X
RICBEELERZ L DL, TXNVBEERBETYRMBECEE L, A#T-7100 LT
BB LY, EFCWEMEAR d==0.5mm 25270k, X0EQ%BE I CBEBRERLIT
o”f:o

EFix, Fig. 250 KIcA b5 L 51, ZOEMH 141° AR T, BWEIM O 2GALRHE
Rl 15° gEhhfy, FFEMANC 24°0RTHELRRITH Y, TOHEIED TFRCHEIhT
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Who TOETFI X HEEER T, BERE o 2ZHEOREX (Thbdb, d) CEBERTSH
BT LD LR TS, LT, EFMbaTEEN Pr SXUEEN Pg 0240
2UETIUL, Pr Ok E & L XEBRT ¢ 2NRAPBRDE S,

p=Pyu/Py 23

ABF 1, VIR CcH: Fig. 8 LA UHZERL, BEERA (o, BEFAL
MHEEFT DAEALE) P1 & 0°~180° 1B b X v 1z, BEEEH N, Fig. 8 DYIHIH A & R TH
B0, BEREICIZ X0 2EEOYIMLEL AV, BEIE (e 25°, BFMA5°) Tk
BYHAEKY 0.05 mm OYIH GRE&K DE HBEE f=144.9 mm/min) TH b ichzsd TREY)
BiinTm &, ¥LAE 0.8mm OYEITELICHV-EEIIN T &2 i,

ZD X5 e BEEER (T EET 144.9 mm/min) X b, @DEnE p ERDR,
F iRy Fig. 251id, AN, o, BETEC X5 0HER BT p & b
R Lo Fig. 25 228G X 51, X FVEMIE &MV THE CHELEN R LT,
EHRDHLIOFEL ST\ Lad, p 3MIEOBEERTOBELREAESFT—ETH
B0 Vo FF7 v, "M Ynt L ic@EOERTH L, HENEENBETL D, p it~
AV HTKRKER oo =T, OB LS p LHETA L, WEEE LICTEIC XS p TERE
o Xn p LIEECEWERR L, LvL, 0k 5 icHifircBERER I, Wi X5
&t (ZOBET o1 OFE) OBLEHMLES L5 BERARIIBLR TRV,

ZORRNDATL, FHIMTERT 5 BERITHARSA LEEIR CEL2BRETHD

Indenter
Pu 24°

QW ) A 4205mm

08¢ Red lauan Surace ﬁ_\.\ @\Ym

| f=144.9mm/min
P Y T
08| N\/" \ A s 0.8 F ¥Ry Y R
N St e a M S AAL 2 '

0.4 P ‘ Viaasidhih 0.6
f e »

0.2 is L 1 2 1 1 1] 1 Il I Il 1 Lt t 1t J 0.4 | 9 q I 1 g 3 1 I 1 q 2 i 'S 2 e I 4 '
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¥ (degrees) ¥ (degrees)

Fig.25. Comparison with various frictional coefficients (u).

---@--- : frictional coefficient () on interface between surface of indenter
and smooth surface of workpiece produced by cutting at about 0.05
mm of depth of cut. Calculated value from Eq.(23).

—(— : frictional coefficient (z) on interface between surface of indenter
and rough surface of workpiece produced by cutting at 0.8 mm of
depth of cut. Calculated value from Eq.(23).

—~®—- : frictional coefficient (#) on interface between tool and chip during
cutting. Calculated value from Eq.(14).

Py, Py : horizontal and vertical components of indenter pressure,
d :depth of indentation of indenter,
f : feed velocity of test specimen,
@, : angle made between sliding direction and grain orientation of wood
(grain angle).



120 Bl B&-F BT PEBTF - FLHKE

TEhbhb, YIHLBEIG DB L T BERREMIT L Ch, TIMESED Zic & 5 BEER
BOZEzBALES X5 mii—MilmIc st s EEERY B LB LV-EEZBR
bo VIHLAR L OBIET, ZOMOLED X WMl E " EEh 5,

5. #& B

AHPEIC BT 2 TET S CABSIH L MET 50D, R TARS IO ETAYH
WEE R ITCE IR 1T » 7o SHUC X D, MMEERA O MR CRIE I b - T, YIEIBIS
DAL, FIEIEH S X ORI HO—REERIHSh ETt st EhiT, FRLIGNSMDOH
ERERCESE, T VHEHBEGRY bRD, chbOYEBEEOE, BNk L OBEE
FREB LT, Boh-EBPMRELERN T2 L, DEFDER Y THD,

(D YIHHESIL, BAEEAA ¢1=0° 2REL LTRECHEMLTDE, 91=40° 7D ILHEHE
T 52, @1=80°~90° CKOGIHED % L @1=90°~110° GEHYIHD THEDHTKALE R HER Y
R L7 (Fig. 13% X 0%14),

(2) P1=30°~40° 5 X V' @1=150° {3, & HYBERVEBOEBETH Y, HIHIER
DAL, UBOEMES K IUMBEROBMENELL, ZThboFRAHEREI S Sbh s (Fig.
11~14, Photo. 2% X 1'3),

@G FLCEE EBEGS 0 B IOBEEIEH 13, NE»OUBERACV 5T WH
DOEERE! OB E LT, AKX TEDLLE S, Thbb, ¢, r W ThIFNECHES T VEL
THRBEEEMHEMT s EHAE R L (Fig. 19~21),

@ oz E bicd o, v OBEDOHENL, $1=0° HEKEL L TKRFHEMLTDE,
P1=80°~90° CRAYH) FIV @:=110°~150° GHEHFHED THEDT KEicBhER LK
(Fig. 20% X 0°22),

(6) WNELmthac D s MEBROES (EEN N O ry S X OBEEN F Otb rp) 13,
rv=rp EELBR, TRODOEIE ry, rr 13P1 T L 5 TR DD, FHHICE 2 TH60~80% T
Boteo LichioT, HEEMMICSD S FEEIIIEDTAKEV-LEL LIS (Fig. 23),

6) 0, = HHRDOLND T WEDBEERH p(=c/0) (12) D 11, T WEHOEEE il
MEARL (DR TR T ETE, T VHAET—EERD,

(D) o1 OFbmE b7ed p OEDMEED, P1=30° fHEDIEHEIE, REEIEl (@1=90°)
F IO ETIHE (21=110°~150°) TAKEELZRTH, ¢ CIHENEEIFETS (Fig.
23),

® FTRVCHEHOEEGRK ¢ (=c/0) %, (14 XD 5 ixQOAD g (Coulomb Al & Huix
THE, ¢ OFILEBTRS ThD p OB OEET I SEUL, chbD p RBER—EE
zbhb, LEdoT, YHEIEO 2 FRAFHZHEL, ZhicESnwT g 2RDUE, $<
WHOBEGRHYEbLTLEZ LIRS (Fig. 24,

(9 AR¥ oo CEE/8m s BiEETORR D RMETE DTN EERFER) L5
BRI, KMOWEIERC X 2 BEEFRERER Y, TERESGEOTXHBPLES X5 7fEL
ey (Fig. 25),

i 2

EREZRTCHI D, FEREME2 O EHEELIIN > TR0 KR EERER R
B, bUwE DD ER URE iR E A - A TR RETER ERE—-EBiLcEE
ABBEEERLET,
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