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COMPUTER DECISION SUPPORT SYSTEM STRUCTURE
FOR MACHINING DATA SELECTION IN TURNING

Bogdan Stodki

Summary

The paper presents the structure of a complex system for supporting a decision making process in
machining data selection in turning operations. It is assumed, that the system modules cooperate
with each other, utilize data and knowledge bases through the information bus. The system proposes
to use on line information from visual monitoring module equipped with high speed camera what
enables to observe chip forms. Particular modules and their tasks in the system are described as well
as some examples are described.
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Struktura systemu wspomagania decyzji w doborze parametréw skrawania dla toczenia

Streszczenie

W pracy przedstawiono strukture systemu wspomagania decyzji w doborze parametréow skrawania
dla toczenia. Budowa systemu zaktada wspotdziatanie wielu modutéw — stosowanie baz danych i
wiedzy potaczonych magistrala informacyjna. System wykorzystuje informacje z modutu
monitorowania procesu skrawania wyposazonego w kamere szybkoklatkowg umozliwiajace
obserwacje postaci i ksztattu powstajacego widra. Przedstawiono zadania poszczegdinych modutéw
systemu i przyktady ich dziatania.

Stowa kluczowe: toczenie, superstopy, widry, monitorowanie

1. Introduction

Taking into account complexity of phenomena takphgce in machining
and the fact that the influence of particular elata®f machining system (tool-
lathe-work piece) on tool life is not precisely idef, it is not an easy task to
define optimum machining parameters [1] in locadmgping features.

It seems to be clear that machining data selectiost be based on an
advisory system consisting of many modules cooperatith each other. Each
module task is to provide partial solution. Manynupercial programs
(CoroGuide by Sandvik Coromant, Wintoms by Kennatjetlo not give
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solutions for all needed cases. Usefulness ancedoess of such a system
depends in practice on its user opinion.

2. System structure

To fulfill necessary for rational selection of mauhg data needs, a system
providing the flow of information and knowledge mbg set up.

The structure of such a system is presented in Fig.he system should
include various computer programs using data aoeviedge bases.

The proposed structure consists of two parts caadewith information
bus, because each module should have accessitdoathation included in the
system.

The first part (data and knowledge bases) shouhtiagdm recommendations
of tool manufacturers concerning cutting data amdeits as well as
recommendations of work piece materials producers.

Production engineer experience, which is difficdtformalize, (can be
named his knowledge base) is also important.

A data base concerning operational data of availathchine tools can
enable to choose a proper one for a given task.

The machining process should be monitored by sgnidiiormation about
its actual state, so it is necessary to equip yiséem with vision monitoring.
Components of cutting force and temperature measmesystems have really
limited application in industry but on the othembdathey are very important in
scientific research.

Data processing belongs to the second group of lesddhe group
consists of modules for:

* support in the selection of machining parametesgeeially in local
operating features [2, 3],

 optimization of various process components, litig ¢orms, tool life,

« simulation and modeling of various phenomena talprace in cutting
zone,

» computer aided manufacturing (CAM) simulation,

* vision machining process monitoring system.

Modeling and a simulation module should realizeowss tasks described in
[4-11]. The simulation module should include matkemodel of a tool and work
piece and geometrical model with boundary limits.

3-D tool geometrical models are especially usef@].[They enable to:

* tool visualization — an example of turning tool deb is presented in
Fig. 2 and 3,

« strain analysis and stress analysis resulting fiwervalue of cutting force
received from measurement equipment or calculatethe basis of theoretical
formulas — based on catalogue data,
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« analysis of heat load on an insert — distribubbtemperature.
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Fig. 2. Models of tool parts. 1 — insert screw, iRsert,
3 — shim screw, 4 — shim, 5 — toolholder
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Fig. 3. Mounted tool with FEM mesh (SolidWorks)

Examples of possible utilization of the simulatimodule are presented in
the following figures (Fig. 4 and 5).

This module should also serve for simulation ofpchroove filling for
given cutting data (Fig. 6). It has a great infleeon a chip flow direction, its
breaking process and shape.

Simulation module can also be used for maximum tratpre (Tsim)
calculation in cutting zone. The comparison of attualues (T) with those
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calculated in the simulation module [9] shows ubefss of the described

method.
a) b)

c)
Temp (°C)
730.000 : ‘
I627.560 :
615.120 ®—inode1471.511°C
567.697 j node2 487.629°C
00.239 ﬂ
442799 ®node3 509.157°C
I —=inode4 585.086°C
327919 node5 622.759°C
| 270478 node6 730.000°C

1 213.038

|155.599
98.158
40.718

Fig. 4. Examples of FEM analysis for defining degmce of stress distribution from the feed

value [4]: a)f = 0.2 mm/rev, bf = 0.3 mm/ rev, (Unigraphics 7), darker areas shamger stress

on the cutting edge, c) example of distribution h&fat load on the rake face of an insert
in selected nodes, (SolidWorks)

a)

Fig. 5. An example of sections of an insert in @asi depth of a cut in tool-in-use system:
a) cutting planes marked on the rake face, (CATH),\b)a, = 0.5 mm, cla, = 1.5 mm, d)g, =
2.5 mm. This enabkesieasure actual chip breaker dimensions
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Figure 7 presents example results achieved foerdiftt 6 sets of cutting
data (Table 1) in turning Inconel 718 (set 1 anca2) Inconel 625 (the other
sets).

a)
Inconel 718
( v, = 65 m/min
2,6 N @=20mm
'\\ f=0,075 mm/rev
2,4 jm— \
£ A |
E22 G %
> ‘«.} ::/g'
S
gl
hear]h —— el
4.4 46 48 50 592
X, mm
b)
Inconel 718
i C V%= 65 m/min
26¢ i \ |a,=2,0mm
{ \|f=0,24 mm/rev
24 F | \
=N - L "
> 22 1
p X oj| AR
She g /
18} '%L i
45 50
X, mm

Fig. 6. Simulation of turning Inconel 718 alloy.dl@geometry based
on measurement of insert computer model and itsose®]
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Fig. 7. Comparison of measured temperature witlpgature achieved
from computer simulation [10]

Table 1. Cutting data used in simulation [10]

Test number Work piece Feed ratef, Cutting speedvc Depth of cuta,

material mm/rev m/min mm

1 75

5 Inconel 718 0.911 50 2

3 75

4 0.153 1.5

5 Inconel 625 0077 65 o5

6 0.249 )

The vision monitoring system can be used to vetiifg correctness of
cutting data selection and their influence on thg dorm. Two examples of
chips photographs taken by means of high speedreatwing the stainless
steel (4H13) longitudinal turning are presente#im 8.
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Fig. 8. Examples of chip forms in 4H13 steel tugnivi = 240 m/mina, = 1,5 mm, recording
1600 fps: a) incorrect chip forrh= 0,105 mm/rev, b) correct chip forfs 0,307 mm/rev

If the system is equipped with high speed cametgpled with computer
program for the movement analysis (e.g. TEMA byidisResearch), it is
possible to use the simulation module in the systeocture like it is shown in
Fig. 9.

In the case of numerical calculations applicatibis inecessary to apply
experimental verification of the simulation modal&rectness. The cut selected
points (located on a chip) movement should be stdgjeto examination.
Kinematic analysis can take into account the movenfteajectory), speed and
acceleration of these points in a determined pembdtime. If there is
a significant difference between simulated and actalues, it is necessary to
modify simulation parameters for material and gewited models and correct
boundary limits mainly in the contact zone betweatting edge and chip (e.g.
a friction coefficient). This approach can be helgb adjust simulation module
parameters to the real ones.
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Fig. 9. The algorithm presenting tasks of simulatiee module used for the analysis
of the movement of selected points located on g chi

Final remarks

The system’s structure described above confirmsfabe that machining
data selection is a complex task. Production emginenust take into account
a lot of interdependences. It is not easy to cantlex action of all modules
described above in one system. The most importang tis that some live
machining tests, their monitoring and the analysisachieved results are
indispensable for correct decision making. Basingly oon the catalog
recommendations and theoretical formulas withoutopeing tests in the local
machining conditions is not enough to achieve tireect applicable solution.
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