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Effects of Specific Gravity in Air Dry upon Stress Distribution and Frictional
Coefficient at Interface between Tool and Chip in Wood Cutting

Shigeru Sucivama and Akiko NAKASHIMA
(Faculty of Education, Nagasaki University, Nagasaki)

In the wood cutting process, it is important to obtain the actual stress distribution on the rake

face during

cutting and to investigate the changes in stress distribution and frictional coefficient

with workpiece condition. In order to obtain quantitative information on them, the basic orthogonal
cutting tests were performed using the same conventional and composite tools as used in the pre-

vious reports®#.

The results obtained are summarized as follows:

(1) The distributions of the frictional stress (r) and normal stress (o) on the rake face can be

expressed by Eq. (7).

(2) On the basis of the experimental results (Egs. (1), (3) and (5), Figs. 4 and 5), the ratio of
the cutting force on the tool face near the edge to the total force can be calculated from Eq. (8),

and the values are shown in Table II.

(3) The frictional coefficients (u;) on the rake face can be expressed by Eq. (9).

On the rake

face, u, can be considered to be constant, and the values of u, are shown in comparison with the

other frictional coefficients, in Table III.

(Received Oct. 19, 1978)
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Fig. 1. Shape of test specimens.
Machined surface of wood : (a) flat grain face,
(b) fastard grain face, (c) edge grain face,
@1 : angle of grain orientation to machined
surface, ¢s: inclination of diagonal grain in
machined surface to cutting direction, g3 :
angle of annual rings to machined surface.

Table 1.
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EH) ORiFEERA L.

3 ERERRLUZER

3.1 YIHRROE(E

BEINT-OBEREEL, WFhol, wFho
WAE () Ok Td, IThMygBErE L.
Z OBRORBREE T, @PIHRR BT EgRD
LR E B ENE Ch5E, (BRI b - T

Test materials used in wood cutting.

Species (ry)

Species (ry)

Species (ry)

Species (ry)

Machined surface : (a)

Western red cedar (0.31)
Kiri (0.36)

Spruce (0.39)

Light red meranti (0.43)
Agathis (0.46)
Kamerere (0.48)

White meranti (0 49)
Tsuga (0 52)

Radijata pine (0 56)
Nyatoh (0.56)

Bagtikan (0.58)
Akamatsu (0.59)

Buna (0.61)
Mersawa (0.61)
Black walnut (0.62)
Kapur (0.64)
Ramin (0.66)
Yachidamo (0.67)
Sepetir paya (0.70)
Apitong (0.84)
Shirakashi (1.01)

Machined surface : (b)

Balsa (0.19)
Shinanoki (0.40)
Douglas fir (0.40)

Chosengoyo (0.41)
Ezomatsu (0. 45)
Mahogany (0.47)
Hinoki (0.48)
Tochinoki (0.51)
Hoonoki (0.51)
Karamatsu (0.57)
Keyaki (0 58)

Yellow merant1 (0 58)
Jongkong (0,58)

Dark red meranti (0 62)
Makanba (0.64)
Rosewood (0.73)
Teak (0.73)

Shiberia karamatsu (0.79)
Narra (0.97)

Machined surface : (¢)

Sugi (0.33)

Todomatsu (0 37)

Hiba (0.43)

Katsura (0 47)

Western hemlock (0.48)
Sen (0.49)

Taiwan hinok: (0.49)
Kuri (0.52)

Matoa (0.61)

Mizunara (0.71)

ryu: Specific gravity at tests (g/cm?®), machined surface (a), (b) and (e) : refer to Fig 1.
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Fig. 2. Variation of tool-chip contact length

(lx) with specific gravity (7).
t: depth of cut (mm).
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Fig. 3. An example of {rictional force () and
normal force (N) with rake face length ().
7y and ¢:refer to Fig. 2, #/: correlation
coefficient, Ixmaxy : maximum value of tool-
chip contact length measured (mm).

S O08r t-03 (mm) .
'E . °° . dF= 0.48 ru
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Fig. 4. Relation between values of coefficients
(a@r, ax) in Eq.(5) and specific gravity (7).
Marks and ¢: refer to Fig.2, »': refer to

Fig. 3.
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Fig. 5. Relation between values of exponents
(Br, Bx) in Eq.(5) and specific gravity (r,).
Marks and ¢ : refer to Fig. 2.
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Fig. 6. An example of stress distributions on
tool rake face.
7,0 : frictional and normal stresses, I : dis-
tance on rake face from tool edge, lkmax, :
refer to Fig.3, r, and ¢: refer to Fig. 2.
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Table II. Ratio of cutting force on tool face near
tool edge to total cutting force on tool face.
Ratio
Depth of cut
t (mm)
rF YN

0.3 0.35 (0.38) 0.35 (0.39)
0.5 0.37 (0.34) 0.39 (0.36)
0.7 0.33 (0.30) 0.37 (0.32)

7w(tn). ratio of frictional (normal) force on tool face near
tool edge to total frictional (normal) force on tool face,
respectively.  These were calculated from Eq. (8), using
total cutting forces (Flflk’ N;c=;k), measured with the
conventional tool, The values in the bracket were calculat-
ed, based on cutting forces (cm=zk, N‘c’lk) measured with
the composite tool.
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Fig. 7. An example of variation of frictional
coefficient (p3) with specific gravity (r,).
Marks and ¢ : refer to Fig.2, pu3: calculated
values from Eq. (1),
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Table ITII. Comparison of various frictional
coefficents.

Frictional coefficient
Depth of cut

t (mm)
121 123 3
0.3 0.71 (0.69) 0.73 (0.72) 0.71 (0.71)
0.5 0.65 (0.64) 0.69 (0.68) 0.64 (0.62)
0.7 0.62 (0.61) 0.65 (0.63) 0.59 (0.59)

1y pz and gy values calculated, using experimental equa-
tions, (4), (9) and (11), expressed as a function of
specific gravity (ry), respectively. The values in the brac-
ket were calculated, based on relation between frictional
coefficients and 7y,
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HE78D. 20X 5 R PENBERRROMEE, m, 1
%l@uak%ﬁﬁLT,T%bHIm%T.T%%
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(32)

4 & B

RI O HETIBNC 31T 5 T B WEIE IS5 7
Z, PEIAEEAVCCHEE L. BHEE (r.) Ok
RGBT e 3 EBEEEL TN L, SR —
BREAE XIOCREE vy, LOBRAEELZHELMR
L7z, B5hicd  WHEIETIS X O BERE Rzt
vy DEEYEHTLL, RDEBVTHS.

(1) 7 OHWINCEEY,  FIBHEHUL 7. W HAIRIC
BT 5%, 72— e vRANC X BB (w) 12 ry
LILBEEBRRTH - .

@ FTRVCECEEBILT (r) BICRELY
(o) &, AEPSOTCHEHOER (1) B0 7,
ORI E LT, MRTELER:

(B) Moty k52 % WSO 4 SIS
AT BEE (e 7)) 12, WERD 7, CIEBESR
FTRIE—EDEE (B0~40%) #RL, Ldd rp=
ry EEZ LR, VRE (t) ORInCEGWEIRT %
2, FRE—EE B EAYR L (Table II).

@ FCEBEERE (@) 11 Ee—gERiy,
t OBEIMCHECIIRT 5 EA%Z R L. Lad, &
vy EVITEBREIcoTe. i, ty 1T r, DR
WHEIEIC bl 5T gy ZIZIE—F LIz (Table III).
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