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Abstract

Cutting tests of wood with the grain were made to obtain fundamental data on the effects
of cutting velocity on chip formation, cutting force, and frictional coefficient by the use of an
experimental apparatus designed for cutting tests (Fig. 1) . The range of cutting velocity (V)
employed in these tests were from 0.0023 to 52.53 m/sec. The depth of cut (feed of tool per
revolution of a steel disk) was varid from 0.3 to 0. 7 mm by varing the speed of the feed carriage
in combination with two variable - speed motors and some pulleys (Fig. 1).

The main results obtained were :

(1) The type of chip formation, the curvature of the chip (©), and the checks occurring in
the chip, change with V (Figs. 5~9).

(2) Although the cutting - force components change remarkably with V, the degree of
their changes depends not only on the cutting conditions but also on the workpiece conditions.
For instance, in the range of very-low cutting - velocity, below about 10 m/sec, the horizontal
component (Fy) and the frictional force (F) of the cutting force, when cutting with air - dried
workpieces, decrease remarkably with increases in V. In the range of V of about 10 ~ 30 m/sec,
these components are not affected by V. In the range of V of about 30 ~53 m/sec, these
components decrease gradually with increases in V. Compared with these, the vertical
component (Fyv) and the normal force (N) of the cutting force change slightly or vary little
with V (Figs. 8 and 9).

(3) The frictional coefficient (#), when cutting with water - saturated workpieces, is lower
in comparison with that when cutting with air - dried workpieces, and ¢, when cutting not only
with water -saturated workpieces but also with air-dried workpieces, decreases with
increases in V (Fig. 10).
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Fig. 1. Experimental apparatus for orthogonal wood cutting test Fig. 2. Shape of test specimen.
(side view). @1 : grain angle (refer to Fig. 4) ; 2 inclination of

@ : steel disk ; @ : test specimen ; @ : tool ; @ : base for holding tool @ ; ®: diagonal grain in machined surface to cutting
octagonal elastic - ring dynamometer for measuring cutting - force components ;  direction; ®s: angle of annual rings to machined
® : feed carriage ; @ : lead screw ; ® : circuit breaker to shut off electric power surface; ¢ : cutting length for measuring cutting
; @ : equipment for interrupting revolution of lead screw @ ; @ and @ : handles  force; 4 : part of test specimen fixed in steel disk.
for cross - feed of tool @ and traverse - feed of feed carriage ® ; @ and @ :

variable speed motors ; @ and @ : V- belts.
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Fig. 3. Close-up view of experimental apparatus
and method for measuring cutting - force
components.

Fy and Fv:horizontal and vertical components of cutting
-force ; R: and t;:radius and thickness of elastic - ring.

cutting direction.

o1 : angle of grain orientation to machined surface (grain angle) ; D/2:
radius from axis of rotation of steel disk to machined surface of
workpiece ; ¢: cutting length; /: distance between tool edge and
center line of steel disk ; @ and B: clearance and sharpness angles of
tool ; ¢ : depth of cut.
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Fig. 5. Effects of cutting velocity (V) on types of chip formation. v (misec)

O : familiar type to continuous flow type of chip formation ; . . . .
® : split type of chip formation in cutting with the grain ; Fig. 8. Relation between cutting velocity (V)

® : intermediate type between continuous flow type and split type ; and curvature of chip (0).
t : depth of cut. t . depth of cut.

7 (mm —e-: Hinoki

2=0.70mm) T e meranti | cAir-dried)

AN —+: Western hemlocki Fi
AY —.— ki { Water-saturated)

=3
-

\ -&--:Western hemlocl
N\ ~e—: Hinoki ( Water-saturated)

N o~ Hinoki
5 ~o-:Red meranti (Air-driad)l .

(kg /mm)

0 10 20 30 40 50

—+— ‘Hinoki

~s-:Red meranti (Air-dried)
—&: Western hemlock,

. Fv

Z 1 l’ ~o— : Hinoki {Water-saturated ) &
& 12
1 TN — % 0 T 20 50
0 10 20 30 40 50 v (m/sec)
\' (m/sec) . Lo .

A Fig. 8. Variations of horizontal component (Fy) and

Fig. 7. Variations of length (&), pitch (?¢) and angle (@.) vertical component (Fv) of cutting force with
of checks occured in chip with cutting velocity (V). cutting velocity (V).

t and ¢ : refer to Fig. 4. t : depth of cut.
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Fig. 9. Variations of frictional force (F) and normal Fig. 10. Variations of frictional coefficient (#) with
force (N) with cutting velocity (V). cutting velocity (V).

¢ = depth of cut. ¢t : depth of cut.
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