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Summar!

A grinding grit may be simulatel with a two dimen-
sional cutting edge heading different rake and clearance
angles at its two opposite ends. Attention is confined,
in this preliminary study to a force-chip phenomenal
study of reciprocating at zero nominal depth of machining.

Tools of negative rake angles were made to move over thin
free machining brass plates in the dry cutting conditions.
Tests were continued without any reconditioning of the
machined surfaces. Forxrces and chip thicknesses variations
were revealed for several cutting and return strokes carr-
ied out at the same nominal ¢onditions.

Appendix 1 gives the design, construction and calibration
of a new two force dynamometer elaborated by the authors
during their preaent research in the laboratories of Fac=
ulty of Engineering and Technology, Menoufia Univerxrsity.
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INTRODUCTION

For the horizontal plane grinding operations, the
abrasive grits transverse and reciprocate over the work-
piece surface. Needless to say, that such action involves
the use of abrasive grains with varying rake and clearance
angles.

In an effort to simulate that condition, two dimensional
single point tools were made to reciprocate over workpieces
fixed, in turn, on the vice of a milling machine employed as
a planex. That cutting action, though perxformed at a low
cutting speed, would shed some lights on that of grinding
processa. It remains to be seen whether the grinding action
would involve material rebound after cutting or permanent
recovery as the case found for cutting with those negative
tools (1),(2).

EXPERIMENTAL DETAILS

Free machining brass specimens of dimensions (9.8x25x140mm)
were fixed on the vice of a rigid milling machine used as
a planex. The chemical composition of these plates are (60:65%
Cu, 30:35% Zn and 3:4% Pb).

High speed steel oxrthogonal tools of cxross section 20x20 mm
and 90 mm length were ground with various rake angles of «55°,
-65° , «75° add a common clearance angle of 9°. These tools
were traversed along the workpiece width. The plates were empl-
oyed as received in the rolled condition.

The workpiece plates were moved underneath the tool in

a reciprocatory fashion. Both the horizontal and vertical for~
ces were recorded by means of a specially desighéd dynamometer
(Appendix 1). All the cutting tests were performed in the dry
condition at low cutting speed of 80Omm/min. All the actual
eutting and return strokes were performed at nominal deptha of
cut equal to zexd vnce the first preliminarly stroke was pezr=
formed.
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EXPERIMENTAL PROCEDURE

1 ~ Cutting stroke at the least nominal depth of cut of
the machine (0,05 mm), were performed with the conventional
rake face of the tool (i.e., with ~55°*, -65*, =~75%), at cutt-
ing speed of 800 mm/min. That cut was performed to ensure
that the tool edge would be touching all the workpiece sur-
face for better tests.

2 - The direction of the motion of the milling table was
to be reversed taking a nominal depth of cut zero, (i.e.,
without any re-adjustment of the table). In such a case the
return stroke was to be performed by passing at the old clear-
ance face of the tool which would xepresent the new rake face
of an angle -81°.

3 = After these preliminary steps, recoxds were made for
both of the cutting stroke with nominal depth of cut of zero.
The total number of round strokes after the preliminary, were
four. '

4 - Records were made for forces and chip thickness during
cutting strokes, and for the forces only during the return
stroke,

EXPERIMENTAL OBSERVATIONS

1 - No chips were elaborated for any of the return strokes
with a rake angle of -81°.

2 -~ For the preliminary cutting strokes, chips were found to
be discontinuous.

3 ~ For the actual cutting strokes,. the chips were found to
be severely curled and continuous. .

4 - The gquantity of chips were found to be smallex as the neg-
ative rake angle increase.
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5 -~ For the same cutting tool, the chip -thickness, was found
to decay as the pass number increase.

6 ~ Surface brightness was found to increase with the increase
of the negative rake angle.

RESULTS AND DISCUSSION

Pig. (1) shows the relationships b~+ween horizontal force
(Fe) and the cutting stroke number (nl) for various negative
rake angles at a constant clearance angle of 9°. A decrease
in the horizontal cutting force was noted with the increase
of the pass number of cutting stroke, and for higher negative
rake tools. This is logical, since the amount of chip removal
is greater for a less negative rake angle tool and at a smaller
cutting stroke number (ng)e

Fig. (2) shows the relationship between the thrust force
component (F_) and the cutting stroke (nl) for different val-
ues of negativé rake anglesa. Again a decrease inh the value
of the thrust force was noted as the cutting atroke number inw
cresase. However, the thrust force at a nominal zero depth of
cut increase as the negative rake tool angle increase.

Fig. (3) shows the relationship between the chip thickness
(tc) and the cutting stroke number for various negative rake
angles (-~55°, =65°). A decrease in the chip thickness value
was noted as the cutting stroke number increase and, with the
increase of the negative rake angle.

It is worth mentioning that the cutting tool of a rake ang-
le of ~75° particularly did not elaborate any chipon~ﬁ

“

The existence of chip thickness at a zero nominal depth of
cut in such a mannexr shown in Pig. (3), reveals the existence
of decaying permanent recovery for the workpiece material as
Bhe cutting stroke increase (nl).
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However, as the negative rake tool angle increase more than
~75° no chip elaborate at all. Instead, rubbing prevail and
the material coming infront of the tool, would leave more or
less at its rear, at the same height provided that the side
flow is negligible.

Fig. (4) shows the relationship between the horxizontal
force and the return stroke number (nz). It seems to be that
the force value decrease generally as the return stroke number
increase. In such a way that for initial return stxrokes the
horizontal force increase as the negative rake angle decrease.
On the other hand, the force value increase as the negative
rake angle increase at higher return stroke number.

Fig. (5) shows the relationship between the thrust foxce
component and the return stroke. General trends is that such
forces decremse at higher return stroke number, and become
higher as the negative rake angle increase.

CONCLUSIONS

1 ~ Permanent metal recovery decays with the stroke number
increase and for lower negative rake tools.

2 = No ahip evolve for negative rake angles more than -~75°
ixrespective of the value of the clearance angle.

NOMENCLATURE

- Horizontal force component per unit workpiece width.
- Thrust force component per unit workpiece width.
Chip thickness.

Cutting stroke number.

Return stroke number.

Nominal depth of cut.

Tool rake angle.

Clearance angle.
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Appendix 1

Dynamometer design, construction and calibration
Intxoduction

The biggest design problem in dynamometers is the com-
promise between a dynamometer having a aigh stiffness and
one having a high sensitivity.

The principal on which all dynamometers are bases is
one of measuring the deflections or strain produced in the
dynamometer structure from the action of the resultant cutt-
ing force.

In a review of metal cutting dynamometers, Repair (Al)
suggested two parameters that are useful in assessment eff-
iciency of various dynamometer design,

1 - These displacement ratio ryl(ry = X;/x;)
where:

x, - displacement measured by gauge or transducet.
x, = tool displacement.

Such ratio (rd) should be as large as possible in oxder to
obtain the maximum output from the dynamometer.

In an efficient design, the tool displacement (xa) should
be as small so that the geometry of the cutting process is
maintained; also the dynamometer structure should have a high
natural frequency so that the possibility of vibrations is
kept minimal.

Design Theory

The simplest type of a two component dynamometer is the
cantilever dynamometex which is suitable for the employed
mechine in the c¢urrent research.
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Tool holder is supported at the end of a cantilever.
Vertical and horizontal deflections of the cantilever are
determined by strain gauge.

Dynamameter construction

Fig. (Al) shows the dynamometer construction. The hor-
izontal component is measured by the stvain gauge (1) which
is connected in a full bridge as shown in Fig. (A2). The
vertical component was measured by using a strain gauge (2)
which is supported above the tool which is connected in a
half bridge as shown in Fig. (A2).

Dynamometer Calibration

The universal testing machine was utilized to ctalibrate
the horizontal force component; That was achieved by apply=-
ing machine loads above the tool end. Records on the dynam-
ometer chart would, hence represent the corresponding loads.
As for the calibration curve for the vertical force component:
a2 dead-loading technique was called for. Fig. (A3) gives the
obtained calibration charts for the horizontal and vertical
force components.

References to Appendix 1
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