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THE PROGRAMMING PECULIARITIES
OF BENCHES IN CONTEMPORARY AGRICULTURAL
MECHANICAL ENGINEERING BUSINESSES

K. Tamul, J. Olt

Estonian University of Life Sciences

ABSTRACT. Businesses producing and repairing agricultural technology still largely use NC-led benches — mostly
lathes. Benches with technically outdated NC control system are still being used for the simple and CNC-led
benches for handling the complicated surface geometry. Such a work division provides a more economic usage of
the CNC-led bench resource. Programming NC-led benches is far more complicated when compared to that of
CNC-led benches — even for handling the simplest surface geometry (phases, cones), a blueprint needs to be
compiled with the CAD programme. According to the change in the measurements of the detail, a new blueprint
needs to be compiled each time. Compiling the blueprint could be renounced when a mathematical model would be
compiled for the corresponding surface element — it would help to find the coordinates of certain points required
for programming. The present article describes the mathematical model for calculating the coordinates necessary
for programming phases and cones with different measurements. The model has been compiled on the basis of MS
Excel, as this programme (or analogues) are used in most of the mechanical engineering businesses.

Keywords: cutting treatment, phase, cone, main measurements of the instrument, insert nose radius, mathematical
model.

Introduction

In agricultural machine building ventures with a number-led bench park it is both technologically and
economically wise to divide machining operations with a different level of complexity according to the
capability of benches. The capability of number-led benches is primarily the simplicity of their programming and
the number of different types of works done with them. Differences in the capability of benches are shown most
accurately when NC- and CNC-led lathes are compared.

From the programming point of view a complicated surface geometry consists of straights combined at
angles (tilts, phases), circular arches or other more difficult type lines (ellipse, parabola). Thus a simple surface
geometry consists mostly of straight lines (also at an angle). Programming possibilities for complicated surface
geometry for NC-led lathes are much more limited and complicated (YcroiicTpa..., 1982) than it is the case with
CNC-led benches (Siemens Sinumerik, 2000). Contemporary CNC-led lathes are equipped with living
instruments with which it is possible to carry out both drilling and milling tasks. NC- led benches do not have
living instruments.

Depending on the complexity of surface geometry and the technological capacity of the bench, the
different machining operations of one detail are divided between NC- and CNC-led lathes as follows — a more
complicated surface geometry is handled on the CNC-led bench, a simpler one on the NC-led bench. The main
advantage of this work division is the maximum use of the more capable bench. During the time when the NC-
led bench is working on a simple surface geometry, the CNC-led bench can already be used in machining on the
next complicated detail.

The complexity of programming NC-led lathes stems both from the limited mathematical possibilities of
the control system, the difficulties in determining the main measurements of the instruments and thus
programming difficulties with them. Determining the main measurements of an instrument (Figure 1) does not
take place with standard measuring tools (measuring microscope, height calliper), but by taking off thin levels
from the prototype detail and additional calculations.

Figure 1. Main measurements of the lathe tool: A, B — touching points of the nose radius of turning insert; T — peak
of the lathe tool; a — straight line parallel with bench Z-axis; b — straight line parallel with bench X-axis; r — nose
radius of the insert; Ix — lathe tool X-axis directional length; |, — lathe tool Z-axis directional length
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Figure 1 projects the internal working blade with the most common shape (in German Bohrstange) that
consists of the shrank holder DPDH 132R and an insert DNMG 150612-MH (Mitsubishi Gesamtkatalog, 2004—
2005) attached to it. The present scheme shows a horizontal straight, marked with a, which is parallel with the
Z-axis of the bench, but the vertical straight, marked b, is parallel with X-axis. In the figure, 1, marks the
measure of the lathe tool on the X-axis direction and 1, marks the Z-axis measure. Dimensions 1, and 1, are
determined by separating levels from the prototype detail, but the nose radius of the insert r from a
corresponding catalogue. The crossing point T of straights a and b is called the peak of the lathe tool, or a point
by which the moving of the instrument takes place during the machining process. Figure 1 shows that the lathe
tool peak T is not at the actual edge of the insert, the arch with end points A and B, but at a certain distance from
it, outside from the insert (lathe tool). Due to such a location of point T it is fairly difficult to program even the
simpliest working of surface geometry without previously compiling a blueprint with the CAD programme.

Description of the object

For determining the coordinates of the characteristic points necessary for programming the simple surface
geometry works, it is useful to compile the mathematical models by calculations from programmes (Mathcad,
Excel). The main advantage of mathematical models in comparison with blueprints compiled with the CAD
programme is their flexibility. If the measurements of the detail change, a new scheme needs to be compiled
each time also — in case of mathematical models only the preliminary data needs to be changed. The main
requirement for compiling models is the little amount of required preliminary data — preliminary data necessary
for achieving the end result needs to be specified only in the detail scheme, and other freely determined amounts.
No preceding calculations need to be carried out for determining preliminary data.

An example is a mathematical model compiled on the basis of MS Excel for calculating necessary
coordinates for handling different phases and cones. MS Excel was chosen as the application as it is part of each
MS Office pack that most industrial ventures have. MS Excel files can also be opened without any alterations for
example in the freeware Open Office Calc application (analogue to MS Excel). In case of the given model the
Excel calculation formulas have been used (Mégi, 1994) which are based on algebraic calculations carried out
with the help of cells. As preliminary data, the sizes determined from the scheme, such as the measure of the
phase (length of the phase — f and the angle of the phase with the horizontal a°) and, depending on the location of
the phase or the tilt, the outer diameter of the shaft-shaped detail D, or the internal diameter of the pipe-shaped
detail D;, the round radius of the insert determined from the lathe tools catalogue r and technologically
determined removing distances ex, and egp are being used. The mathematical model of the described allows to
calculate the phase of the shaft-shaped detail end (hereinafter the outer phase), the internal phase of the pipe-
shaped detail (hereinafter the pipe’s internal phase) and the internal phase reaching the bottom of the clogged
hole (hereinafter the clogged hole phase) necessary for handling the coordinates (Figure 2).
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Figure 2. Calculated phases: a — outer phase, b — pipe’s internal phase, c — clogged hole phase, A, B — end
points of the phase, f — length of the phase, a — phase tilt angle, Xa, Za — point T4 coordinates, Xg, Zg — point T>
coordinates, D, — external diameter of the shaft; Ds — internal diameter of the shaft; exa, exs — removing distances
in points A and B

External phase

Technologically it is necessary that the forward movement starts and ends in a specific distance from the
detail (Poluhhin ef al., 1969). To achieve that, in source data, sizes ex, and exg have been defined, which can be
called removal distances from the end points of the phase (points A and B). Considering the position of the top of
the lathe tool relating to the edge of the insert and also sizes ex and egg, the coordinates of top of the lathe tool T in
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points T; and T, which are necessary for phase treatment are found by using the following mathematical model.
Coordinates of the lathe tool top T in point T, are X, and Z, accordingly and in point T, Xp and Zp (Figure 3).
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Figure 3. External phase: A, B — the end points of phase; A’, B’ — the centre points of nose radius; C, D, E, F, G —
end points of characteristic sections; a — rake angle of phase; B — characteristic angle, T+, T2 — top of lathe tool in
corresponding points A and B; Xa, Za — point T4 coordinates; Xg, Zg — point T, coordinates; D, — outside diameter
of shaft; exa, exs — removal distances from the end points A and B

The source data for this model is based mostly on measurements directed towards Z-axis of the bench,
which help to find the X and Z coordinates for points T; and T,. It is not expedient to show the lathe tool in its
full size, because for calculations, only the position of its insert’s nose radius and its numerical size are needed.
This is why the lathe tool is shown on technological drawings as well as in this article only as a circumference
that has an equal radius to the radius of insert’s nose radius. Phase and its motional extension is tangent to the
insert’s nose radius. Essentially, finding the X-coordinates to point T, means calculating the distance between
the horizontal line going through that point and the edge of detail. In Figure 3, it can be seen that the line through
point Ty is also tangent to the nose radius. In order to find this distance, the length of the section between the
tangent of nose radius and point C, must be calculated. However, on the basis of the source data of this model,
that would prove to be too complex a mathematical task. Several right-angle triangles must be constructed for
that, which, in turn, would make the model too complicated (too many elements). Basically similar mathematical
tasks must be solved when calculating the X-coordinate of point T,. This is why the X-coordinate of points T,
and T, is found indirectly by using a seemingly unnecessarily complex method. When calculating the
coordinates for points Ty and T, the sizes used in algorithms are all geometrical and their meaning is most clear
from Figure 3. All the formulae are shown in the following table (Table 1).

Table 1. Formulae used for calculating coordinates for points characteristic of external phase

Point T, Formula No. Point T, Formula No.
i (a'”) | BE 8
= — ey +
=3 "\Tsor e
A'G e — a-r
A C=— 2 EF =BE-tan 9
sin 180°
— B'H
AD=e, +r 3 B'F =— 10
sin 8
@zﬁ)-tan(lagoz) 4 B'E=FEF -B'F 11
a-r
A'D =CD + A4'C 5 f'=1f-tan S 12
180
X,=D,+(4D-r)-2 6 X, =D,~(f+BE+r)2 13
Z,=(f+4D+r)-(-1) T Zi=e 14



The programming peculiarities of benches in contemporary agricultural mechanical engineering businesses 153

The coordinates for X and Z of point T; are found with corresponding formulae 6 and 7. In formula 6, the
calculation in parenthesis describes the distance of the instrument’s edge from the detail. The section in
parenthesis is multiplied by two, because in case of numerically controlled lathes there is an option to determine
the diameter targeted details, i.e. X-coordinates by either the radius or the diameter. The numerical value of X-
coordinate written in programme is a number that is equal either to radius or to diameter. Mostly it is
programmed by using the diameter of the detail, because in that case the numbers shown in the drawings can be
used and no additional calculations are necessary.

In formula 7, parenthesis are multiplied with minus one, because the zero point of detail’s coordinates is
usually set so that all the material side coordinates that are directed to Z-axis are negative. However, all the point
coordinates that are necessary for aided movements and distancing from the material are positive due to this kind
of zero point placement. Using differently marked Z-coordinates makes the programmes clearer (Siemens
Sinumerik, 2000).

The X- and Z-coordinates of point T, are found with formulae 13 and 14, respectively. The numerical value
of the X-coordinate of that point is also programmed according to its diameter (formula 13). The Z-coordinate of
point T, is positive compared to point T, because it is outside of detail’s frontal surface (formula 14).

Internal phase

During the internal phase (Figure 2, b) as well as clogged hole phase (Figure 2, c) of the pipe, calculating
the X and Y coordinates of point T, outside of material is done by using basically the same formulae (formulae 8
to 12 and 14) the same as when calculating the external point bearing the same name. Using the numeration of
formulae used for calculating the external phase, the only difference is in formula 14, or the calculation formulae
for the X-coordinate of point T,. The formula for calculating X-coordinates for point T, (both internal phases) is
as follows:

XB=DS+(f'+ﬁ+r)-2 (15)

The difference in formulae 14 and 15 is in the multiplication with 2 and addition to pipe’s internal
diameter Dy of the size which depends on phase height f°, removal distance exp and insert's nose radius r. For
external phase, this size is subtracted from the detail’s external diameter D,.

Since the calculation formulae for the coordinates of point T, in clogged hole phase as well as in internal
phase of the pipe are the same, only point T; formulae are shown in Table 2.

Table 2. Calculation formulae for coordinates of point T4

Clogged hole phase Formula No. Pipe’s internal phase Formula No.
—  AE _
A D== 16 DF:(eA—r)-tana 21
sin
-_— a-7 S
DC=AC-tan(1800) 17 X,=[p,~(DF+DC+4C)-2]+2.r 22
A'C = A'D - DC 18 Zy=(ftey(-1) 23
X,=(D,-2-4C)+2-r 19
Zy=f(-1) 20

The calculation formulae for the coordinates of point T, in clogged hole phase as well as in internal phase
of the pipe are essentially the same up to a certain point. The calculation formula (formula 1) for the value of
angle [ is universal — it can be used for external phase as well as for T, and T, points of both internal phases.

Also for both internal phases, the same formulae can be used for calculating the lengths of sections 4'C and

CD (formulae 17 and 18). Thus, for the purpose of keeping the mathematical model simple, the formulae for
these values have been written out only for the clogged hole phase calculations. Since the X- and Z-coordinates
of point T} in clogged hole phase are the same as the actual coordinates of the bottom of the hole or the end
points of the phase, the value for removal distance ex, is zero (Figure 4). However, for the regular internal
phase, it is possible to give the removal distance ex4 a suitable numerical value. The principle for Z-coordinates
of both internal phases is the same as for the external phases.

In case of clogged hole phase, the insert's nose radius has two tangents at once — one with a phase and the
other with a clogged hole bottom. Because of two touch points, there is always a curvature between the clogged
hole bottom and the changeover of phase with a radius which is equal to the insert's nose radius. So there is no
need to specifically program the machining of curvature.
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a b

Figure 4. Internal phases: a — pipe’s internal phase, A, B — the end points of phase, A’, B’ — the centre points of
nose radius, C, D, E, F, G — end points of characteristic sections, a — rake angle of phase; 8 — angle characteristic
of phase; T4 — top of lathe tool in point A, Xa, Za— point T1 coordinates; Ds — inside diameter of shaft; exa —
removal distances from the end point A, b — clogged hole phase; f — the length of the phase

Application

Work distribution, where more complicated surface geometry is machined with CNC control lathes and
easier with NC control, is practical for an enterprise that manufactures as well as repairs agricultural machinery.
Agricultural machinery has a number of details that have simple surface geometry, and have to be manufactured in
great numbers at once. These kinds of details are for example the reeling spikes or blueberry harvester’s harvest
comb spikes. The cutting operations of these spikes are performed before pressure treatment (bending). The cutting
treatment of spikes means the phasing of both parts and it is practical to perform it on NC controlled benches.

All the poppet valve head working surfaces of gasoline and diesel engine distribution gear are under an
angle (usually 45°) in relation to the symmetry axis of the valve. If the work surfaces have been made of hard
alloy material, then it is possible to treat them during the repairs only with lathe tools compiled of hard alloy
inserts. In both cases, it is recommended to use the mathematical model given in this article for the calculation of
point coordinates necessary for phase or angle machining.

Summary

Although the NC control system is essentially obsolete, the benches supplemented with that system are
widely used in Estonian metal-working enterprises thanks to their simple construction and high reliability. While
CNC controlled work benches can be programmed, using CAM programmes, NC benches have no such option.
That is why this mathematical model was created. This model can be used for all benches with NC31 and NC81
type control system. The model allows to calculate the needed point coordinates for all cones (also internal
cones), internal and external phases, and the entire necessary source data can be found on detail drawings. This
model can still be developed; regular formulae can be replaced with a compact macro. For those macros,
programming language Visual Basic is used in MS Excel environment. When using macros, MS Excel’s display
is used only for entering source data, displaying end results and starting the macro that performs the calculations.

References

Mitsubishi Gesamtkatalog 2004-2005. Drehwerkzeuge rotierende Werkzeuge Werkzeugsysteme. Mitsubishi
Carbide. — 560 S.

Magi, A. 1994. Microsoft Excel 5.0 Tabeltootluspakett siisteemile Windows. Kiirtutvustus. — RAS Kommunaal-
triikikoda, Tallinn, 160 Ik.

Poluhhin, P. 1., Grinberg, B. G., Zadan, V. T., Nikonov, B. J. 1969. Metallide tehnoloogia. — TIn: Valgus, 424 1k.

Siemens Sinumerik. 840D/8401/810D/FM-NC Grundlagen. Programmieranleitung. — Siemens. Ausgabe 10,
2000, 508 S.

VYcroiicTBa yrcioro nporpamMmmHoro yrpasnerns "Enexrornka HI 31". 1982, 213 c.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


