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INTELLIGENT DIAGNOSTICS OF MACHINING PROCESS IN CNC MACHINES

Jaromir MUR CINKO !, Zuzana MURCINKOVA 2

Abstract: The paper dealt with basic approaches of intelliggystems implementation in manufacturing
processes diagnostics of CNC machines. There aeraeapproaches such as either the usage of exter-
nal or internal intelligent systems. The goal oplementation is the control of manufacturing preces
order to influence the examined process quality acahomy. The present development in field ofi-artif
cial intelligence allows the directly implementatiof intelligent components into CNC machine saftwa
and hardware in form of agents.
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1. INTRODUCTION The flexible system contains two aspects: the Bliéxi

ity of CNC system itself, a modular CNC system gasi
The CNC system flexibility and CNC machine modular-
ity allow meeting the needs of different users. Tlbgi-

rl)le group control is based on the requirementsacibus
manufacturing processes. The group control system

The present requirements of quality and the inereas
ing the labour productivity are not possible to mak
through the use of present conventional methods i
manufacturing process. The confirmation of mentibne
fact is the computer integration manufacturing and- . . . T
trol with implemented the diagnostic systems baged allu.tomancally Qynamlcally ,adJUStS maximizing th&‘?f
the artificial intelligent components. tivity of material flow land information flow. Thenielli-

At present, the numerical control technology is un-9€nt CNC system with group of control elements pro-
dergoing a fundamental transformation from a clesed Vides on-line computing the production time by spec
type-specific open-loop control mode to the open-ge CNC machlne. The operating of CNC mgchlne is simple
eral-purpose real-time dynamic model of the develop regarding the number of CNC machine programmer
ment of the whole closed-loop control. In an intgd  Steps. The artificial intelligence develops podgibs of
basis, the goal is the intelligent ultra-thin, atsmall size ~ Maximum implementing the human knowledge into vir-
NC system based on a combination of computer, multi tual models of designed products.
media, fuzzy control, neural network and other srefx The present development of science and technology
science and technology to obtain numerical corsysk integrates artificial intelligence of control syste into
tem of the high-speed and high-precision proces® T CNC system that caused more realistic and onlise sy
efficient control of process can be automatically tems based on intelligent behaviour. The numedoak
amended, adjusting the parameters and compendation trol technology outcomes the results of artifidiatelli-
achieve an online intelligent fault diagnosis angat-  gence development of field as adaptive controlzyuz
ment of the basis of the network CAD/CAM and CNC control, neural network control, expert controlarging
systems; and employing networking tools to achigee  control, feed-forward control.
central centralized control of the group contralqess. The implementing of artificial intelligence system

The high-speed CPU (Central Processing \iiips,  into CNC system allow to achieve innovative steps i
RISC (Reduced Instruction Set Compujinchips, as form of development of new generation of CNC ma-
well as multi-CPU control system with high-resotuti  chines which provides possibilities of adaptive tcoin
absolute detection components results the maChineréxpert systems in techn0|ogica| process, tool manag
manufacturing key_ performance i_ndicator§.develop.menment, fault diagnostic, high-speed processing drel t
direction to  high-speed,  high-precision,  high- system of permanent manufacturing conti@l9]
performance speed, accuracy and efficiency of @lehn In the field of hardware and software of CNC sys-
ogy. The digital servo systems provide possibiitym-  ems the CPU, RISC chips and large-scale integrate
prove the dynamic and static characteristics of GME  ¢jrcjit programmable FPGA (Field-Programmable Gate
chine. Array), EPLD (Electrically Programmable Logic De-
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2. INTELLIGENT SYSTEMS 3.1. Components of intelligent system

Sensors:

Workpiece presence sensor - its aim is the moniori
of workpiece position or its presence in working-ma
chine.

Vibration sensor - its goal is the monitoring olbra-
tions of workpiece and spindle.

Temperature sensor - its goal is the monitoring of
temperature of cutting tool or selected machinéspar

Tools wear sensor - its goal is the monitoringaufi t
wearing.

Agents:
Agent 1 — goal — the prevention of start up the ma-

At the present time the systems are suitable fcallo
response of solution the usual problems and communi
cate with special modules only in case of need (aif
ure). It is shown that such relatively independesatd-
ules are useful for unpredictable situations, ogtiocon-
figuration of manufacturing machine, i.e. incregsthe
fault resistance of machine.

The ideas of implementation the relatively independ
ent systems based on mentioned facts were occantd
developed in field of three disciplines (Fig. 1): .

Holonic systems that dealt with online control of

processes and related to events occurrence tappled chine either without or with workpiece in incorrgmisi-

to independent unit sets, : . . )
Multiagent systems are the agents that are static Ot|on, action, the prevention of start up the maehido-

relatively rigid affixed to information sources ”?a‘“ knowledge — right position (presence) of work-
Mobile agents are program modules that are able t(pleCAe'ent > _ goal — the prevention of inaccuracy of
self-move in computer network, self-activate in thos 9 - — 9 preve . y
computers and self-generate their clones manufacturing cased by vibrations, action — deereas
. S N table feed, domain knowledge — critical vibratioosire-
Multiagent systems are based on similar princige a sponding feeds
holonic system, but in comparison with holon, tigera P A enq[ 3 _ ' oal — the prevention of tool damage
is independent computing unit that is based orviddal 9 9 P! g
abilities of agent or of team of agents. This fallbws caused by temperature, action — let fiow the cgolin
formation of multi-agent concept that watches iretj fluid, domain knowledge — critical temperatures tol-

S ume of cooling fluid.
ently the communications among the agents and recom Agent 4 — goal — the prevention of tool wearing of

mends the functional upgrading or modification afltia . . ?
agent structure [1, 3, 6, and 7). bIank.cuttlng process and the decreasing the guafit
machined surface

» Effectors:

Effector 1 is a switch that the aim is switch diftt
equipment to agent in order of position (preseseasor

Designing of intelligent - multiagent system witeeu  signalises incorrect position or absence of wortgie
of external agents is realized in university wodkro Effector 2 is a servo-drive of CNC vertical working
with CNC vertical machine Pinacle VMC 650S. During machine, its aim is to decrease the table feedgtmta
the cutting, the presence and position of workpi¢ee  order in case if the sensor signalises the abnovibed-
tool temperature and spindle and workpiece vibratio tions.
are monitored. The sensors are connected with sgent Effector 3 isa pumping devise for cooling fluid, its
directly. The agents have specific domain knowleaigg ~ aim is to get the cooling fluid into cutting areaagent
the aims are achieved by means of actions. Thetage order if the sensor signalises increasing tempegatu
are linked each other to be able to communicate Th  Effector 4 is the software of CNC machine control
system comprises also effectors that are influedmed system that computes possible corrections of tebup
agents. The given multiagent system is describefigby or stops of technological process or gives the camin
ure 2 [4]. for tool change from CNC tool container.

Figure 2 shows the described design structure -of in
telligent system [6 and 7].

3. DESIGN OF INTELLIGENT SYSTEMS FOR
CNC MACHINE
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Fig. 1. Application of intelligent system. Fig. 2. Design of intelligent system with external computse
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3.2. Application of intelligent components into CNC .
machines

Designing of intelligent system involving the imat
components is realized for CNC machines e.g. MAZAK
machines.

CNC machines Mazak are designed as intelligent ma-
chines. The machines comprise so called neuralanktw
that by means of integrated intelligent components
each machine system responses to changes of working
environment. The following functions are known:

e Minimalization of vibrations (Fig. 3) that are gene
ated during movement of work table or tool support,
the movement precision in all coordinate axes are i
fluenced and the machining time is shortened. This
function reduces vibrations of tool tip and thus in
sures high quality of machined surface.

» Intelligent thermal protection — if the temperatise
changing during the cutting, the cutting precisisn
undesirably influenced. The intelligent thermal pro
tection automatically modifies the temperature
changes moreover it modifies spindle speed during
technological operation resulting in stability reéed
machining precision. As the temperatures of the ma-
chine units change due to operation and as well a
changes in the room temperature, displacement o
parts of the machine will affect machining accuracy
The Intelligent Thermal Shield automatically com-

219

Intelligent balance analyser - if fixtures and/oori
pieces are loaded on the machine table in an unbal-
anced condition, safe machine operation as well as
turning accuracy will be affected. This function
analyses the balance of the table load and dispieys
amount of weight and locations that are required to
eliminate the unbalanced condition. The same system
will automatically stop table rotation if excessivie
bration is detected.

The Intelligent performance spindle monitors a vari
ety of properties with sensors housed in the spirdl
including temperature, vibration and displacement —
and it provides useful information to the operator.
Thanks to these data, machine problems due to the
spindle can be prevented. Additionally, a consider-
able reduction of production loss due to machine
down time can be realized.

The Intelligent maintenance support function moni-
tors the status of perishable items such as filters
cover wipers, and the operation history of several
machine units.

This information is useful to determine a prevemtat

Qwaintenance program to prevent unexpected machine
gowntime. Additionally, when the replacement tinge i
reached for items such as a filter, a pop-up windoti

fies the operator to ensure required maintenangeis

pensates for changes in the temperatures as well 48rmed-

changes in spindle speed operation to ensure stable
machining accuracy. Additionally, to minimize hea

The control system of'Bgeneration for CNC Mazak

+ machines of Japan company Yamazaki Mazak Corpora-

distortion in order to ensure stable machining accu tion was developed and named Mazatrol Matrix. This
racy, the machine units that generate heat are aSyStém provides for users the high service quality,

ranged symmetrically. Intelligent safety protectien

creasing the productivity and possibility of NC seqces

in case of manual manipulation of machine axes, maSimulation in order to control manufacturing preces
chine setting up or the measuring the tool, the CNCThe 64 Bit Twin-Engine Processalfows thehigh speed,
display system shows 3D model to control outside in high accuracy machining demands smooth machine con-

terference (Fig. 4). In case of unacceptable iaterf

trol — when combined with sub-micron program data

ence, the machine stops. This function decreages seincrements and 5-axis simultaneous commands, huge

ting up time (incidental time) of machine.
Mazak Voice advisor — informs which switches were

amounts of data are required to be calculated.ridea-
mum vectorial feed rate used for machining complex

chosen and advises required warning. It considgrabl surfaces is four times faster than the standardifipe

decreases problems caused by human factor. [8]

tion of the previous CNC system. This is made ssi

by the increased computing power of the new RISC-
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Machine Programs can be made with minimum errors

and time required for test cuts thanks to realistazhine
3D simulation displays that can be used for corsmni
program confirmation and checking for any machine
interference. Additionally, this unique Mazatrohfition
makes it possible to simulate the machining of @ ne
program during the machining of the current workpie

CNC machine producers designate the control sys-

Fig. 3. Decreasing of vibrations.

Fig. 4. Control of potential machine interference.

tems of &' and 7' generation by attribute “i” that means
intelligent system (iFANUC, SINUMERIK 810D, OSP-
P200, iIMSNC, iHEIDENHAIN). The mentioned control
systems in cooperation with integrated intelligentn-
ponents in CNC machine (Fig. 5) provide the adwgata
protection and help for users to prevent undesrapkr-
ating condition of machine. The mentioned property
highly influences the productivity of machining pess

[2 and 8].
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Fig. 5. CNC machine Variaxis 630-5X II.

4. CONCLUSIONS

The implementation of intelligent components into
CNC machines is the result of the research andloleve
ment in artificial intelligence field. The artifai intelli-
gence knowledge is applied to development of the co
trol and operation of the complex and risk systemnd
machines in mechanical engineering field. The gmes
trend in field of automated workplaces with usade o
High Tech CNC technique for cutting operationsdalé
the following tasks:
cutting the large volumes of material,
minimizing the cutting time resulting in high speed
cutting,
optimization of energy consumption,
increasing the tool life,
high quality of machined surfaces.

To achieve the mentioned tasks, the intelligent-com
ponents are available. The components are impledent
either into mechanical parts of CNC machines (as Fi
shows) or into software, i.e. into machine consiydtem.
The modern control systems use the environment o
standard operating systems that are compatible ayth
erating systems of CAD/CAM systems or expert sys-
tems. This fact allows identifying the risk shapefs
workpiece geometry or detecting the errors of dedin
the technological cutting conditions by means of NC
sequences simulation process.

The mentioned fact is the first level of technotadi
process control of CNC machines. The second level i
the online control of machine mechanical parts taads
by means of active elements (sensors) that comratnic
with agents as Fig. 2 presents.

Through the control system it is possible to cdntro
e.g. spindle vibrations, temperature of selectetspand

[
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precision of cutting and tool wearing. The inteding
components (agents) evaluate real state and ativept
decisions for optimalization of technological prese

The final results of intelligent components imp&am
tation for CNC machines are:
decreasing the number of machine failure,
decreasing the incidental time needful for corgecti
of NC sequences,
increasing the tool life of used tools,
high quality of machined surfaces,
improvement of economic indexes.
It is necessary to mentioned that the implementatio
of intelligent components increasing the machinieepr
and therefore it is needful to use the machinesidiyt
way. [1, 5, 6]
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