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Abstract: Machine tool accuracy is characterized by the #pitif the machine to produce parts of the re-
quired shape and dimensions keeping the requirkstaioces and to achieve the desired surface rough-
ness. Requirements for accuracy of the machine tesult from the required precision of components
manufactured on the machine. Geometric accuratli@machine tool is the precision of shape and-posi
tion of its individual parts and their mutual movemts. Accuracy of parts machined on CNC machines
depends crucially on the machine accuracy. The pdpals with possibility of geometrical accuracy
monitoring of CNC machine tools with Renishaw B=llC 20 in different locations at the work table.
Renishaw's QC20 Ballbar is a linear displacememisse based tool that provides a simple, rapid check
of a CNC machine tool's positioning performanceecognized internationals standards. QC20 Ballbar
system is a CNC machine tool diagnostic systemast compared machine accuracy during the opera-
tion in three different positions of work table:ntel, left side, right side at the different spe#tdwas
analysed the accuracy in these different places.mbasurement was performed on milling machine tool
Haas VF — 4DHEv
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1. INTRODUCTION logical functions, provide productivity and requrgual-
. - ity [1 and 4].

_Nowadays in era of debt CrisIs, many end-users con- Productivity and accuracy are different aspect of
strict .budge.t.f_or regqlar machine malntenance..Hmme machinery suppliers assessing. Production Company
s!gn|f|cant initial savings Iqter may lead to masyes environment is very dynamic and requires economical
higher costs even existential problems of the campa roduction of increasingly smaller production bateh
Regular machine and accessories maintenance in-ess nd with increasing accuracy. High cutting perfonoe

tial_ requirement to .kcleep ma.chin.e working prope_mwa for roughing and high accuracy for finishing is ueqd
reliable as long as it is possible in order to keeptinu- more often than it was in the past.

oustroduﬂlr?n accc;]r_dmg to SChed?'?' _ otd h Therefore increases importance of machine tool
are of the machinery IS essential requiremen rigidity, dimensional stability and its effect onyb

gooq macgmelz_ c_ondltlon, which dgltjjgran:)ee sm(_)r%th Ioro'temperature. Key role in stabilizing the temperatur
uction and eliminate unexpected disturbance. ToRFe . itions of the machine is positioning the feesal

is needed spend effort to protect machine heattiprés-
ence are diagnostic possibilities virtually unlieatand
machine users have wider options for choosing Isieita 2. MACHINE TOOL ACCURACY
diagnostic method than in the past.

Choosing optimal diagnostic method for measure ma
chine accuracy is necessary to gain informationuabo
complex machine health and ensure a balance betwe

Machine tool precision is characterized by theiggbil
‘of the machine to produce parts of the requiregeslzand
dimensions keeping the required tolerances and to
&thieve the desired surface roughness. Requirerfants
af)recision of the machine tools result from the el
precision of components manufactured on the machine
Because on one machine are usually manufactured
erent surfaces of a component of different getiio
shapes, it is necessary to respect the accurafyndé-
mental dimension elements of machine, such asieftst
and straightness of guide surfaces, alignment dlagnp
surfaces, parallelism of axes with guides, the @edju-
K . y _ lar shaper required from the spindle axis with ¢teamp-
Corresponding author: SK-010 01 Zilina, Slovak Refou ing surface of the table, etc. Compliance with the
lgi( 8252%2228%5 quired accuracy of manufacture and assembly ofspart
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chine user faces challenges of provable verifying a
documenting the accuracy of machinery, minimizing
costs due poor quality production and machines elownd”;f
time, machine classification according to curreiaind-
ards and monitoring trends of their accuracy. Maghi
tools are hearth of almost every production compeamy
take critical role in company because it realizehte-
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machine tool, also called geometric precision can b  The purpose of obtaining this information is to fkee

achieved [6]. the machine in a reasonable state of readinessegtrd
Geometric accuracy of the machine tool is the preci to the production requirements and maintenancerai

sion of shape and position of its individual pamsl their  delayed to the best possible moment [2 and 3].

mutual movements. Precision machine tool is prilpari

determined by accuracy of the individual parts @#sd 3. INACCURACY OF MACHINING

nodes. Because these parts are produced by comvainti

machining methods, their dimensions, shapes arad rel

tive positions are determined on the drawings bgrio

ances, which have to be in manufacturing and aégemb'

process precisely observed.

Machining accuracy is affected by a number of un-
certainties and variations arising in the carrigstem of  °
the machine (elastic and thermal deformation ofrttze
chine tool body, the contact deformation in movargl
static parts), in individual drives, control systemeasur-
ing system, tool and workpiece itself. The accuraty X ) ) ) . .
machine tool accuracy is determined by drives (ps ~ ° Inaccuracies due to distortions in the workpiece by
slides, tables ...), and their relative position dgrima- clamping forces; _ _ _ _
chining. Machining accuracy along with manufactilrab *  Inaccuracies d_ue to geometric and kinematic machine
ity determine the productivity, quality and effinigy of tool inaccuracies; o -
production. Among the many indicators of the técan ~ * inaccuracies due to geometric irregularities of the
level of machine tools has given priority to theiork cutting tool; . . _
accuracy. * inaccuracies due to internal stresses in the wedei

Real shape, size and surface of workpiece canfbe di ~ material; - o _
ferent from ideal shape, which is defined by drasin * inaccuracies due oscillation in the technologige-s

Total inaccuracy of machining can arise from seoks
factors. Among them, these are the most signifigént
inaccuracies due to elastic deformation of techgwlo
system machine tool — workpiece from the cutting
forces and resistances;
inaccuracies caused by thermal deformations of-tech
nological system;

« inaccuracies due to wear and tear of cutting tool,
inaccuracies of machine sorting and of workpiece
material composition;

only in narrow limits in order to allow parts meetsr- tem; . _ _ _

poses to which it was designed and allow their gasy * inaccuracies due to fluctuations of input size paa
pecially automatic) assembling. Identify and meaghe ters of the workpiece and the material inhomoggneit
uncertainty of each single point of the actual niraeth From the list above it can be stated, that the rimost

surface is virtually impossible. Therefore, to eigh  Portant factor of machining accuracy is the mache

and define the types of deviationssurface roughness, and its accuracy.

shape deviations, location deviation, and deviafrom

their nominal values. 4. MEASUREMENT OF ERRORS IN CNC
Requirements for machine tools accuracy result from MACHINE TOOLS

the necessary accuracy of parts produced on a gieen The main content of modern fault diagnosis should

chine. There is need to maintain the accuracy oféemo ncjyde real-time monitoring technology, failureadysis
fundamental dimensional axes with the directiorpper  (giagnosis) techniques and troubleshooting metliads
dicular to the axis of the spindle and the clamping-  {qree parts.
face of the table below in order to keep accuréayal- Access to the fault location from the informatida,
tiple different shapes at one workpiece, whichssally  the exclusion of failure, as a separate technotbepel-
machined by different operations but in same machin gpment, but also as a common diagnosis coordinated
tool. development of the technology. CNC machine tool
Accuracy of machine tool is determined mainly by commonly used the following method of diagnosisdt,
accuracy of its parts and nodes. These parts ate ma. Direct method: Use of sensory organs from the
with common manufacturing technologies, their size,maintenance personnel to observe the fault ocotereh
shape, roughness and relative positions are detedni various sound, light, taste and other anomalies,GéC
on the drawings with the tolerances that must legise-  machine tool system of the various modules andiitgc
ly monitored during their production and assemiidy.  with or without traces of burning and injuries toickly
following tolerances in manufacture and assembly ofnarrow down the fault to a module or a printed wiirc
parts and machine nodes static accuracy (alsodcge  board. This is a basic and commonly used method.
ometric accuracy) of machine tool can be reached. e CNC system self diagnostic€NC system self-
At present, to the fore comes progressive forms ofdiagnostic function, has become an important meastr
maintenance (predictive, proactive) based on mainteperformance indicators CNC, CNC system self-
nance according to actual machine tool conditioth i  diagnostic features real-time monitoring of CNCteys
situation in production. For these types of maiatere is  working state. Once the abnormal situation occums,
important purposefully and regularly receive infation ~ mediately displayed on the CRT alarm message, or by
about machine tool status. Based on this informati®  light-emitting diode indicates the causes of theltfa
possible to create a number of requirements fontaai  block, which is CNC machine fault diagnosis and
nance hits, including a range of additional infotimmmas  maintenance of the most effective and direct way.
is requested period Trouble shooting, repair tymeure ¢ Functional program testing method=unctional pro-
and probable cause of damage and the like. gram testing method is commonly used in the nurakric
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control system functions and special features pro-

261

Thermal Deformation ErroAs the machine's inter-

grammed by hand or automatic programming method, aal heat source and environmental thermal distudoan

functional test program compiled, into the NC spste
and then let the CNC system to run the test praesdio
check the tools perform these functions the acguaaci
reliability, and then identify the possible fautichtion
and cause of the malfunction.

Module exchangeThe so-called module exchange is
generally the cause of the failure cases, the Lisa al-
ternate printed circuit board, templates, integtatiecuit
chip or component replacement questionable pathef
functional unit of the same template or mutual exge
of metastasis observed failure to quickly deterntime
fault location method.

The principle of analysis:CNC formed according to
the principle of the work of the various componentsn
the system theory to analyze and judge to procesd f
the logic circuit fault doubt on the analysis ofdés and
characteristic parameters of the logic to determhme
fault location method. This method is very demagdin
the maintenance staff must be familiar with the leho
system or each component works in order to lodate t
fault location.

PLC procedural law:According to PLC alarm infor-
mation, access to the PLC program, the correspgndin
alarm control module program, more related to | d&
vice logic state, determine the fault.

CNC machine fault diagnosis of parameters of in-
spection as well, measurement comparison, peraussio
Local heating method, isolation method and the epen
loop detection, etc., these methods have their clvar-
acteristics, maintenance, often while using thegrated
use of several methods, gradually narrow the sceifpe
analysis and failure to achieve the purpose oftbieu
shooting.

Fault diagnosis of CNC machine tools has been
troubled operation, maintenance personnel problem
Because CNC machine tools reliability of the safatyl
work efficiency for the direct production units lkaa
huge impact, expert systems in fault diagnosisi fegb-
plication, implemented based on empirical knowledfe

human experts, equipment and system fault diagnosi

technology.

CNC machine tools as a complex nonlinear system

give full consideration to changes in natural ctinds
and human errors, how to combine fuzzy technolagy a
the advantages of artificial intelligence, concldide
more intelligent fault diagnosis method, effortdlviie
needed later direction.

5. GEOMETRIC ERRORS

leading to the structure of machine tool thermdode
mation resulting from errors.

Cutting process system load caused by deformation
caused by the errorincluding machine tools, cutting
tools, workpiece and fixture deformation causedeby
rors. This type of error is also known as "Let Krafe",
which the shape distortion caused by processingads,
especially when machining thin-walled parts or wiies

use of slender knives, this error even more serious
Vibration Machine Errorin cutting, the CNC ma-
chine tools and processes because of the flexioleeps
variable, the greater the possibility of runnintpinnsta-

ble regions, which aroused a strong flutter. Leaddte-
rioration of the surface quality of workpiece arebme-

try of the error.

Detection System Test Errbnclude the following
aspects:

- due to the manufacturing error of measurement
sensor and its Application in the installation od-m
chine tools of measurement error caused by sensor
feedback system's own error,

- errors due to machine parts and bodies as watl as
the use of the deformation measurement sensors
caused the error occurred.

Outside interference error d&s the environment and
changes in operating conditions caused by randoon. er
Other errorsSuch as the programming and operation
of the error caused by the error.

In accordance with the above error characteristis
the nature of the error, grouped into two broack@adt
ries: the systematic error and random error.
Systematic error of CNC machine tools is the inhere
error of machine tools, with repeatability. CNC rhiane

2too| geometric error is the main component also rieas

peatability. Use of the features to them "off-limeas-
urements", can be used "off-line test - the opemlo
compensation" Technology to be amended and compen-
sation, to reduce, to the purpose of enhanced gioeci
@achine tools.

Random error with a random, must be used "on-line
test - closed-loop compensation” approach to tineired-
tion of random errors on the machining accuracyhef
method of measuring instrument for measuring tha-en
ronment, demanding and difficult to promote.

6. DIAGNOSTICS ACCORDING TO ISO 230 -4

Geometry measurement and measurement of drive
adjustment by circularity analysis.Geometrical esroan
be catched up with this measurement (perpenditylari

Generally agreed that the geometric error of CNCgyaightness, backlash, cross clearance...), elécaion

machine tools caused by the following aspects]i1, 7
The machine’s original manufacturing erroiRefers
to the work of the various components of the corirpos
tion of the surface of tool geometry, surface gyale-
tween the position errors caused by machine meaticor

is the geometric error of CNC machine tools produog
the main reason.

Machine control system errotncluding the machine
shaft servo error (contour following error), CNQeirpo-
lation algorithm for the error.

errors (drive unit delay, trailing error, gaugeelam error).
Measuring is always carried out on unloaded ma-
chine. Measuring period depend on machine type and
number of measured planes.
Protocol is compiled from actual measurement and
contains:

circularity analysis according to ISO 230-4,
table of measured data,
table and diagnosis of measured errors,
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* machine conditions evaluation, On the other hand, this development began in early

« recommendations on found faults development twentieth century and lies on the line, pointing the
trend of measured errors are compiled at periodicafield of nanotechnology. Improving the accuracyook
measurement. ISO degree during every decade continues. Redubag

Correction into selected control systems up toagert tolerances of components and their form elemenkeis
levels of mechanical errors (based on dynamicalsmea coming ever more important in their interaction @od-
urement) is possible to input corrections into coinys-  relation with surface quality.
tem to achieve improvement of machine tool accura-
cy.This includes control systems: Heidenhain TNG 30 8. DIAGNOSTICS OF CNC MACHINE TOOLS BY
to 530i, MEFI, Sinumerik 810D, 840D, GE FANUC se-  RENISHAW BALLBAR QC-20
ries 0,5, 6, 16, 18, 20, 21, 16i, 18i, 20i, 21lir@ctions
input into control system follows machine tool aoht
dynamical measurement according to 1ISO230-4. Pobtoc
is compiled from this measurement (see geometrysmea
urement). Supplementary static measurement of tepea
bility.

This measurement is suitable for production indarg
series when repeatability of tool or workpiece
impositioning into position is emphasised.

Measuring is always carried out on unloaded ma-
chine. Measuring period depend on machine type an
number of measured planes.

Protocol is compiled from actual measurement an

Precision of parts machined on NC and CNC ma-
chines depends crucially on the machine precisidis
statement results in significant consequences footthe
manufacturers and users of CNC machines. The manu-
facturers are led by customer requirements to potiaiu
of precise machines which would be fully able tepke
the guaranteed parameters in the long-term pefibthe
same time they have to be able to prove these gdeasn
in compliance with the internationally recogniseansl-

rds. They solve problems in the field of workpigce
pection, rejects / defectives, idle times, de@éas
0,oroductivity, and long-term low quality [7, 8].
Renishaw's QC20 Ballbar is a linear displacement

(.:ontamsr;_ | ati ¢ tool i tonia int sensor (Fig. 1) based tool that provides a simglpid
grapt. Ical representation of 100l 1mpositionig 1IN0 check of a CNC machine tool's positioning perforogan
position, to recognized internationals standards. QC20 Ballba

* table of measured static repeatability data, system is a CNC machine tool diagnostic system (Big

* table of measured maximal repeatability data, It consists of a calibrated sensor within a telegcball-

* machine condition evaluation. ended bar, plus a unique mounting and centratistesy.
It is not to be confused with the fixed length Balls

7. PRODUCTION PROCESS ACCURACY used for coordinate measuring machine calibration.

- . . . i A Ballbar test involves asking the machine to seidb
Precision engineering is an important trend in con-cjrcylar arc or circle. Small deviations in the ited of
temporary device construction and metrology. TOhis movement are measured by a transducer in the

achieve the demanded tolerances and surface qu@lity g5ibar and captured by the software. From the daga
sub-micrometer and nanometeric area, the desigheof - yjieq (via a PC interface) the systems softwareraati-
parts production must use highly sophlstlcgted atevi cally detects and diagnoses a range of machine gtepm
instruments and metrology. These trends arise fiten g motion errors. Recognized in many international
electronic industry, which began with the miniatari  gangards for machine tool performance testing sitse
tion, density of components increasing and swighin (o is widely used by machine tool end users anM©E

spee.d. and is considered vital equipment by many calibrati
Since the 1975 nanotechnology appeared on the SCiapice companies.

entific field. This concept was introduced by Tarui The Ballbar accurately measures any deviationken t

in order to identify production, in which the resuj  gjrcle radius during the test. The shape of thébBalplot

tolerances lying in the nanometer area. indicates the major sources of machine error. Pioiver

Extrapolating the specification of existing andypre  gofware gives automatic analysis and diagnosispef
ous production machines (such as precision lathels a ific machine error characteristics. Each ersaainked
grinders) to a new generation of production machiite

can be quite correctly concluded that the accuraicy Centre ball (fixed)
between 0.1um and 1 nm in the industry will be required
before 2 OOO \c"\élr:l:jr?icatiuﬂ

This was a pessimistic forecast from Taniguchi, be- medils T

cause this achievement has already been acconglishe
before the year 1995. This objective was achievalgt o
through the development and application of highcipre
sion manufacturing processes and high-precisionsmea -, .4.co al
urement techniques, which exist outside the norma
methods and instruments.

Tolerances in manufacturing continue are reducec
steadily. On one hand, you can observe their deke
tionship to the increasing customer’s requirementd

consumers on product quality and quality of process Fig. 1. Measurement of geometrical inaccuracy of CNC ma-
management processes. chine tool with QC20 Ballbar.

Status LED

OnfOff switch &
battery cap

Ballbar Transducer

Serial number undermeath)
Cover ring
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error, perpendicularity error, straightness ernmeas-
urement adjustment error and total state of adjestrof
drives of all axes. The machine can be tested lin al
planes. Monitoring of the machine precision develop
ment trend and repeatability diagnostics are selcbge
diagnostics blocks:

e trend analysis,
e maximum repeatability,
« statistical repeatability.

It is possible to create archive out of the measure
e ments carried out and to obtain continual view fudf t
s development of the machine parameters, which ishano
I er advantage of this system. Using this type ofjmuie-
— tics it is possible to monitor the precision deypsi@nt
trends of NC and CNC machines. It is possible tierde
Fig. 2.Principle of measurement with Renishaw equipment Mine the machine which is able to fulfil the préwis
QC20 Ballbar. requirements of the given type of parts.

Using this classification and its periodical reemte
it is possible to reduce the cost of rejects / cléfes due
to incorrect matching of products to machines. ddia
tion, the cost originated in the machine removal ba
reduced, as it possible to determine the need pdire
before any serious breakdown might occur. The rdpai
less expensive and, in addition, the time of theeasary
machine downtime is minimized.

according to its significance to overall machinewacy.
Overall machine accuracy is graded with a valuecfor
cularity and positional tolerance.

The Renishaw QC20 Ballbar and its software are
used to measure geometric errors present in a CBC m
chine tool and detect inaccuracies induced byatgrol-
ler and servo drive systems. Errors are measureid-by

structing the machine tool to 'Perform a Test' Wwhigll 9. MACHINE TOOL MEASUREMENT IN

instruct it to scr_|be a C|r_cular arc or circle. Shtevia- DIFFERENT LOCATION AT THE WORK

tions in the radius of this movement are measured b TABLE

transducer and captured by the software. The eagult

data is then plotted on the screen, to reveal heW tive Measurement of accuracy a machine tool is carried
machine performed the test. out on Haas VF - 4DHE. Machine tool is 4 years old.

The QC20 Ballbar is an extremely versatile tool de-Machine tool machining light alloy, not as burdendgth
signed to be used on a large variety of machinée T heavy machining of alloys. Technical parametersiare
standard system can be used to test 3-axis CNCinesch Fig. 3.
such as horizontal and vertical machining centvégh
the addition of other accessories detailed beldve t
QC20 Ballbar can also be used to test a much wide
range of machines. For 2-axis CNC applicationspex s [EresmlrTs

cial retractable center mount, the VTL adaptorused. ;‘:";‘ ::ﬁﬂffsmrpm'
This enables typical 2-axis machines such as pitk @ |wahnewezne smore |
place machines, laser cutting machines and vetticat L;;ramgm e
ing lathes etc. to benefit from QC20 Ballbar diagjao (Crostravel  sBmm |
Thediagnostics optionare et iten [ Haes ONGemtl |
» Analysis of circularity according to 1ISO 230-4,
* Non-circularity according to ASME B 5.57. Fig. 3.Machine tool HAAS VF — 4DHE.

Furthermore, we carry out analysis of circularig d
viations and quantify the proportion of possibldiudu-
al causes to the total deviation. The final resfiltliag- Tocion Tacicon | s Jrrm
nostics is then given by the percentage — or plysbip
the absolute value — of influence of individualossr to
the total precision error. All these results carrddably
documented by printouts given at the measuremeamnt pr
tocol which includes attachments mentioned below:
» diagnostics chart with percentage scores of indadid
parts,
» diagnostics chart with absolute scores of individua
parts in pm.
Using the diagnostics measurement not influencing
the course of production it is possible to find effect of
the actual servo delay, dead movement error inctite  Fig. 4. Evaluation Bi-directional circular deviation usingfts
axes, servo adjustment error, cross clearance, eydic ware Ballbar.

ey
T

zzzzzzzz
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10. CONCLUSIONS
18 145
14 | AzELZs 11 o Determination of inaccuracy of CNC machine tool is
T 10 very complex task. There are a lot of influencegha
= e machine tool as all components and nods have spme i
S accuracy.
Central Left Right The quality of every component produced on a CNC
[Positions] iret mSecond = Third machine is highly dependent on the machine’s perfor
ance. Many inspection procedures take place after t
Fig. 5. Comparison od circular deviation in different pmsis. component is produced. This is too late. To avordys it

is better to check the machine before cutting aataim

Determining a machine tool's capabilities before ma
chining, and subsequent post-process part inspec#n
greatly reduce the potential for scrap, machinerdione
and as a result, lower manufacturing costs. It dibesat-
ter if your machine is new or old, all have errd?socess
control and improvement is the key to raising gyaind
productivity.

This article we draw attention as affected by tbeua
racy of machine tools for working in different paf
the work table. Machining machine tool accordindhe
manufacturer is accurate for machining to withif20.
mm. Therefore, if they would produce parts with lsuc
precision, the component should be placed to timece
position. We also found as at different feed rditenging
accuracy.

70
0
50
a0
20
20
10 -
o =

Central 1000 mm/min

[pm]

Central 5000 mm/min

[Positions]

= First mSecon A Third

Fig. 6. Comparison of circular deviation in different ferde.

ENVIRONMENT DATA PRINT-OUT

Mode : Linear displacement File: HAAS PB.rtl
Stroj

Datum:2012-04-14 09:18
Osa :X

Vyr. no
Testoval:
Pozn.:1000mmmin

Specifikace:

Data Start End Units

Time
Air temperature
Air pressure
Rel. humidity
Material Temperature 1 21.95 22.00
Material Temperature 2 —NC-—- —NC—

2012-04-14 09:18 2012-04-14 09:42
24.02 24.09 deg C

268.00 mbar

48.57 %

268.20
49.18
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Fig. 7.Experimental data.

We measured in the three different positions at the[z]
feed rate 1 000 mm/min. In the central positionmesas-
ured on the two feed rate: 1 000 mm/min and 5 000
mm/min.

Test conditions which were measured, we can see ifg]
the Fig. 7. We calibrated the device Ballbar QC 28,
fore the measurement. We wanted to detect differenc
accuracy (circular deviation) at the machining iffed-
ent positions.

In Fig. 4 we can see Ballbar software, which are
evaluated according to ISO 2300 Comparison of results
of measurements at feed rate 1000 mm / min in three
different positions can be seen in Fig. 5. Fromfipere
it results that the most accurate is the centeitipons
where even greater accuracy achieved by the left- po
tion. The right position of work table we see biggec-

compare it at travel speed 1 000 mm/min and 5 000
mm/min. The results are evaluated, at machiningref
cision machined parts we have at smaller speeds.

force induced and fixture-dependent errofsternational
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