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Abstract

The frictional behavior on the relief face of a veneer cutting tool that takes part in the
mechanism of veneer formation and the veneer quality becomes a serious problem of utmost
importance. Few fundamental studies have dealt with this problem, and so, the main objective
of this paper is to obtain information on them. In this study, the frictional stress (7) and the
normal stress (0) over a rake face were measured in the veneer cutting without a pressure bar,
using a composite tool with the restricted contact length (#c) between the relief face and the
machined surface, as shown in Fig. 1. The results obtained are summarized as follows :

(1) Two components of the cutting force are affected by 7., for instance, the horizontal
component increases and the vertical component decreases, with increase in 7.. (2) The
distributions of 7 and ¢ over the rake face can be expressed by Eq. (5). From the values of
the coefficients and the exponents in Eq. (5), the effect of 7. upon r and ¢ is made clear (Figs.
2 and 3, and Table 1). (3) The frictional coefficient (¢) on the rake face increases with
increase in 7., but # can be considered to be constant under the various cutting conditions
(Fig. 4 and Table 3). (4) The degree of knife checks in chip increases, but the loose side
surface of the chip produced becomes relatively good, with increase in 7.. These cutting
phenomena are discussed qualitatively on the basis of the above-mentioned results.
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fex, WUH & HHEIM - OB R
A%Eﬁ}b:]@ﬁé e 55}%“]:5\- (%% (a) T-knife without rc (b) T,-knife with r
DOFEXRIC L 3 KT HEMEEITER Fig. 1. Composite tools used for this study and cutting

. . force components measured.

IE ° tU é” ’/_E‘jj 5}$ﬁ?ﬁ“ﬂ£ FH ﬁ%ﬂ T a: clearance angle ; 8 : sharpness angle ; 6 : cutting angle ; ¢ :
=] ”) 7& Fﬁ W {;U\ﬁlj iﬁ% @% ’ﬂj B depth of cut ; 4 : actual tool-chip contact length ; 4 : rake face

length of T»-knife ; 7. : relief face length of T»-knife ; F', N :
-Utj‘ < v )EGJ'UJﬁUEjJ %#ﬁ& 6 U Iz frictional and normal forces acting on T.-knife ; F’, N': fric-

tional and normal forces acting on relief face ; R, : resultant

3LV )ﬁ@@fg{%ﬁfx & bz&pfj—yﬁ force of cutting force components ; Fu,., , Fv,, : horizontal and

vertical components of R, measured by octagonal elastic-ring

WFE@%%%@%?% %%% L X 5 & dynamometer ; F,, , N,, : frictional and normal forces calcu-
- lated from Eq. (1).
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Fig. 2. An example of variation of frictional force (F) and normal force (N) acting on
T»-knife with rake face length (&).

F., , N, , t and 7. : refer to Fig. 1 ; »" : correlation coefficient.

5 EH % Fig. 2 1R T, FRE, KITEEMES 7ed3 7e=0m H 2 i =3 m —E&
ELEBEDL DD F, N OEZEBOHERRO—BITH 503, wIFhod re DEE
KBWTH, iz, kM, [EMOTILOBECBWTYH, & OBEIMIHEN F, NI
BEARA e W EA 2 s Uz, FRICE, NARHENEY) v VHEEE» SHE I L
Fpy No%b, F, NEYHUBKITZ21DERLE: (& LWXBT B F,, HE0WIE N, 23,
FNEFNEEENR VW L 2D, BRI, 0o F,, »50IE N, ODFEHETRL
7)o I SO X DI, LEBMT 51N F X F,, &, £72, NI N, ZZth
FhAET %, F X F,, P2WIEN &N, BIZIZ—BL T3 AR LES & DAE
B, BBIZOVBEMESR 4, EFEZoN5, Mo 4E2KDEZE, WTAD 7B
WTd, E7z, fkHM, [SEMOTHLOBEIZBWTY, 4=5.5~7.5m O&EHTHY,
b %, 7e OFALB X CHEEIM OWRBICIZERRDO L S TH S, 2D LS L TRz 4(=
L) DEHENT, F, Nk & LOFgE, FhFhRwi, F(kgf/mm), N (kgf/mm) ik,
4 (mm) OB E LT, XD X I CERLE S,
F= a4
b

22T, WROEE o (kgfenn ), v (kgfomm™™) X, ThE¥FN L=1m DL E&D
F, N2&L, REEH L, i, LOFTILHES F, NOBBOEEZZNETAR
T, @Rz, FBRERE2MRALEREZERL T, Table 1 1IZRT (7e=0,1, 3mm D%
BEEHIELTRT) ARICINIE, B, AiZ, TN 7ex0DHFBET, Lrd £ DN
SLBEIET/NSWHEER T, YHEISRGOREIHEND W, EFExond, £z,
Brs By DWEHEIX, WTFNOFETIBWTD =5 HRLEE, D&, &, & D
e DEALIZHES BE 2 T 5720, Th o O—fl% Fig. 3 10T, YRTFHETE S X
312, HiERO Fig. 3V 8B 3 F,, Ny O e DEAIZFES BE) & AR, Fig. 3BT
% ar, OxlX, 7c DMWY o 3EEMOMER %2, oy 3B OER %, Zh TR L7z,

T WEYIENIC A OBEFREICE S E, R 2 L OV THSTHIE, 37 < WEk
8 < EEEIN S v (kgf/mf), F|EIGSH 0 (kgf/m?) 1%, T < WIEHNED S O ¢ (=4) (mm)
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OB E LT, XA TFHE LB S, Table 1. Variation or frictional force (F) and normal force (V)
acting on Ta.-knife with rake face length (&) under

T= Q4% (5) various cutting conditions.
g = a,o'° Zﬁﬂ' cE N Ye=( (mm) ¥e=1 (mm) re=3 (mm)
> 32 mm) (k’/m) Water- o Water- o Water— o
ED% » T, 0 GJT < b)ﬁ(lg B H- ( ¢ saturated Air-dried saturated Air-dried saturated Air-dried

- F | 0.264°% | 0.2045% | 0.404° | 0,314 | 0.414>7 | 0.3040
Z‘) 0i % 3), 6), 8), 9) t = Wz 9 < ©
ﬁ:ﬁ » Bk » N [FARIZ, 0.4745% | 0.614°% | 0.534% | 039407 | 0.5745% | 04145
Wb HELEHICH S 3 » 0.35497 | 0.2645% | 0.504°% | 0.394%% | 0.504°% | 0.394%1°
T F e SRR P R % 0.604°% | 0.8445% | 0.7349% | 0.5540% | 0.74457 | 0.51457
. 0.3040% | 0.2745% | 0.544% | 0.4249% | 0.6045° | 0.4745°
H_\.‘j_ Z t b: 7’;: 5 o (S)EQ &: 38 [ f ’ 4 0.784,528 1.042°% | 0.914°2% | 0.694°% | 0.854°20 | 0.614%5
. (kgfemm %) (= Q- fr), Ao
(kgfemm™?7%) (=an*pBn)iZ, ¢

0.456°% | 0334077 | 0.664°% | 0.454°% | 0.604%% | 0.5345%
=lmDE&E T, 0 2ZTLEN

mlz ||| =

6
N | 1.024°%° | 1.234°% | 1.204°% | 0.934°% [ 1.034°% | 0.694"*"

t, 4. (mm) and 7e: refer to Fig. 1.

Table 2. Ratio of cutting force on tool face near tool edge to total

BT TH B, 72, B (= one on tool face.
Br—1), Bo(=px—1)1%, Table 7e=0 (mm) Fe=1 (mm) 7e=3 (um)
- . t | Water- Water- Water-
l1EVHEETESL LS 2, B:= (mm) | saturated | Air-dried | saturated | Air-dried | saturated | Air-dried
- s a3 (VN) (43 (VN) I3 (Vn) F (TN) e (7'N) F (VN)
Bo EFEZ LM, VINbBEB L 2 | 0.57(0.59) | 0.57(0.58) | 0.67(0.58) [ 0.61(0.57) | 0.63(0.61) | 0.64(0.63)
% —0.8~—0.7 OHEFHDOEHE, 3 [0.58(0.58) |0.56(0.57) | 0.60(0.54) | 0.64(0.56) | 0.57(0.59) | 0.65(0.58)
5 N .52(0.57) | 0.49(0.58) | 0.60(0.56) | 0.53(0.54) | 0.57(0.58) | 0.63(0.61)
b Tebso T, W £ 1o
Frong, Lo, 6 |0.46(0.53) | 0.46(0.56) | 0.51(0.52) | 0.49(0.49) | 0.47(0.48) | 0.50(0.46)

vj- n D %ﬁ:hﬁ‘ e 18 W %) , BT’ 7« (7w) : ratio of frictional (normal) force acting on T»-knife (&=0.48 mm) to total frictional
(normal) force acting on tool face, respectively.

Bo‘ azbij(% &%bi\&‘/)ﬁz y)’ t and 7e: refer to Fig. 1.
ey A D Ve DEALIZE S HY Table 3. Comparison of frictional coefficients (#) under various

. cutting conditions.
DOfEMNE, Fig. 30 ar, ax ®

. _— ‘ re=0 (mm) 7e=1 (mm) 7e=3 (mm)

~ - 2L ~

re DEALICHE S BB OMEIA & (umy | Water= | pj dried | WAt Ajrdried | WAtEr | Ay dried
saturated saturated saturated

ZIERRRE 2 B, EFZTIW,

0.55(0.54) | 0.33(0.35) | 0.76(0.66) | 0.80(0.59) | 0.73(0.76) | 0.73(0.64)
if:, ;EEI:E{?@ ﬂﬁ‘[ﬁf\o) T, O 0.58(0.58) | 0.31(0.35) | 0.69(0.63) | 0.71(0.60) | 0.67(0.67) | 0.76(0.66)
0.50(0.54) [ 0.26(0.37) | 0.60(0.55) | 0.60(0.51) | 0.71(0.70) | 0.76(0.68)

bi’ (S)ﬁb:; Ds}z&)&aj‘nbi& 0.44(0.55) [ 0.27(0.33) | 0.55(0.54) | 0.49(0.46) | 0.67(0.71) | 0.76(0.68)

bR Yo AN e #: calculated value from Eq. (6) ; # and 7c : refer to Fig. 1. u in the bracket shows the
6 £V i) s 4 s oD 7ed &/{b Wz calculated value from Eq. (2), using cutting forces (F,,, , N,,) measured by octagonal elastic-

E> LB OMEMA b, Fig 3o Teommome

Ary, O D 7e DL BEEOMEM ERRE B 2ETH D, COFZRETTE, D
BN, @ BBV T IRENOER %2, a6 H 30w oY oERE, FhFhs
TR,

DX, T WHOBEBRREZRD 3128125, HROOVLFEROFEEBWT, Jk
Setmft Ui b 2 VIO 2 VIHHEILIC N 3 2 E& 2RO 2o T2 THE, 4=0.48mm %
TOTeFA 7Mbb F £21E N %, 7E8TH (T, T W+ A7) & &> THEHIME
iz oind F,, £720& N, TBRUT, FEEmMTCSD 2 EETOES (BEhok
e, BESOLEW) LT, ZREIARD, T DFERDO—F% Table 2 I2EH
L Tmd, BEROFBRD O L FRRIC, e, i, WTRd t OWINCELED T 2 HE 2R
TH, BIKM EREEH & DER, EECIRNL R r o, £, 1w, mid, WTFRLOEHET
KBWTY, = EFEZoN, LrbZFNoDEIZK0. 5TIERFLTWS, BHRO
LYORHENRT, BHTREW L IKETWTw, wEKRDZ L HFEET 245, USSR
DRIES DAL E & ORTEICIb % Z L2k 3,

@ w o
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Table 2 IZR3 X511, 7F £ t =4 (mm) SRR t =4 (mm)
.:.TN f%% : & bi’ L)fﬂ@ 'E :... Water-saturated "'g Lo Air ~dried
T, 4 7k aiicsy 2ol L7 208l
b, T b3 F, ND ? e L8 ° f ": . ’
HDOHRDED T WHEIDOERE fg os ke Py fg osk ° ° .
B, LW LEER g T o] & [° el
T55% ML, s, @R F, L L el
B2 RHW3 &, =S 0 3 re (mrr16) ° ? re (mms) °

(Table 1 2 TH 2552 5,)

Fig. 3. An example of variation of values of coefficients

L= ar/ O (6) (&, ax) in Eq. (4) with relief face length (7¢).
T*wgﬂéo ﬁg&@f%é t : depth of cut.
D uh, 2RO LrE2EKRT S t=3 (mm) t=3 (mm)
»o, OREQRD 11, Z - Water-saturated - Ar-dried .
NEN—BT B LR B, ool P SN .
zh o DR DO—F% Table L e S S
BEEMLTRS, Aic: 2 g R L —
hig, ST, OREQ) } R % B oo oo
RO LEETOEND BB T e e LM
(REM DY T, B D% T
HDELC, ZORD, I fe (mm) e (mm)
EXHEN UYL 28 Fig. 4. Iéun) ?ﬁmﬁig f\;igzlign(g;hof( 7ir;?tlonal coefficients
BELWV, InsDEFIOE @ , @ : refer to Fig. 3 ; F,, , N,, and ¢ : refer to Fig. 1.

DALE W BRE U CYIEIEST %

HETZ2DICE->T, LOBEEDBREL L), OIREQRDO 11X, BEFELWEEZ SN
5o Fi7, BEERYOD £ OFRER LRI, ©#13, t OBy, BHTRA T aE[mZ25R L
2o BAKEE L RBEH L R IR T 5 &, 7e=0mm OBFE X, FIAMOHH 13k E L, BERD
RO L —FT 5D, 7 OBEIMEVL L ZIZIRELWVEER S0, £720%, L 3RE
MOFR UK E L B BEBIEZR LU, 2D & 378 LD re DEAGIZFE S EBIOMERI DO —F
% Fig. 4 Zd, AL VSR XS, 7e OEEINCED L OBEMORBRE X, fakit X
D HREEMDFBEETH 5,

ZZC, ORXDH20ECRD 1k, T OEHOBEERHR LY, 77— rEilick
5 LMW ERET L TADL, T WHOBEERE X, ORXEHWs L, /02y, £
BEDOLBETOLERDDL ZENTESLY, BIRICBVT, B:=L THEMH, T WVH
DEEBRIRE 1113, TR,

L= A/ Qs (7
TERIN, (RO £1F, £ WCFEBRRT, 3 {VALT—EER S, T2, &/ A= A/ Qs
EEZONEZ DS, (NROT L WHIOBEEEHIZ, 6Xd 250207 —v %Eh|
WX BB BT Bk B, LIt o T, Table 3 BL U Fig. 412815 1,
B X UHIEHRO Fig. 3128132 £V%, T WHOBEBRBEFAZ LD I LNTE B,

Bon-UEEROZE{L Bk Fig. 3V), 3 WHEOYIHIESMA (Fig. 3) 8L U
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T WHIDEERERSEL (Table 3, Fig. 4 B X OHIERD Fig. 3V) O re DAL LES ZEH
5, HIRUVIBIBRKOZICRIZTHRITHERORERE 2 (A5, KUH & #HEIM &0
FRORELIEINT 5 &, IEIC D 2 YTHHESIOBEE N F' 8 X UEE SN N HRE 08
mu, ZofER, $VHEOBEER t olEnEbied, £k, T VEOEER 0
X, #i, BAERE R 5006, YIEIE, 7 VWHLTHBEMEEASTCERAT 28, K
ERTDRDIYIBOREBHT S5, Licdi-> T, RiTEOBADORE M I,
HIEEHTT OWEIM NGB ECENEZ, T WEZERT 2188 CEHILO RFEE L)
R3¥3, =/, RTHOBMMOBESEMT 2 &, #HHIM & OEBEMD - », Mk
SRV I B VIR O Lo 2, & 12, KESHIIEINT 223, BESHIZHED OME
MERb, 2D HLDOEESNIL, EDOHNA (Fig. 1D Fv, DX 52, FMX) @< »
5, ZOFNHNE L85 Z 81k, HNERITH OHEIM BT 2 ENYTHIRR & 13I1ZFAT
Dy, HE5VIFECHETHIMOMD EANRAT LI LE2EBH®RT S, £FzZonbd, L
Te3o T, YIBOEH (H2Wid, RMOMIE) &, kiTHEOEAORRE ST I,
HhORAOAHENRERL T, VB ER ST 2%ETHB*,

4. ¥ ]

(1) 3 WHENCE < B ©, BEIGH 0%, O)ROEBRRD LS ks h, »dF1L
WS v, o DR LDMERDEE S &7 (Fig. 2, Fig. 3 3 X f Table 1),

(2) TH % & 7z HFeseinfhri inb 3 YIEREST O £ YTHHES IO ¢ 2 & (7, W)
i, 7L RIZIZEEZRT, Lard = -7z (Table 2),

(3) T WIHI DEEEMRE 1 1, AV (DR TREN DD, £, QKD 2 »ix6)RD
7 —ua YIKANC X ZEBEBEABE —BT B8, reDLEWEIFICO> THBEL, ©
B, WIFRD 72 b DTHRIZBWTH, ZOT L WHLET—E LB o7z, £72, e DM
RV o 3 IER %7~ L 7z (Table 3, Fig. 4),
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