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Abstract: The article describes the methodol-
ogy of Benchmarking as a base for improvement of the
business processes. Predefined types of the Benchmark-
ing process are dependent on the business nature and the
company. The phases of the Benchmarking processes
such as planning, analysis and improvement are de-
scribed in the article. The article also practically shows
the readiness of a company from the production area for
implementing the Benchmarking project. To determine
whether your business or organization is ready for
Benchmarking, complete the questionnaire in Table 2
based on the American Productivity and Quality Center
(APQC ) material.

Key words: Benchmarking; business processes

1. INTRODUCTION

The Benchmarking process is defined as
"finding and implementing the best practices that
lead to superior performance”. This deceptively
simple definition may cause management to under-
estimate the effort required to successfully com-
plete a study. Consider that the Benchmarking
study first requires that you know and document
the current methods by which you perform the
work targeted for improvement [8].

Product, service and process improvements
can take place only in relation to established stan-
dards with the improvements. Benchmarking, one
of the most transferable aspects of approach to to-
tal quality management, and thought to have origi-
nated in Japan, measures an organization's opera-
tions, products and services against those of its
competitors. These are the means by which targets,
priorities and operations that will lead to a com-
petitive advantage can be established [1].

The Benchmarking process is a structured ap-
proach of comparison and learning. It involves
comparing the operation and performing of a proc-
ess with the equivalent process in other organiza-
tions and organization units. The aim is to learn
from the comparison and introduce improvements
into your way of doing things.

2. BENCHMARKING PROCESS

Benchmarking is a process of comparing with
and learning from other opponents about the man-
ner of doing things and how well they are done
with the aim of clarifing improvements. Bench-
marking focuses on how to improve any given
business process by exploiting the "best practices"
rather than merely measuring the best perform-
ance. The best practices are the cause of the best
performance. Studying the best practices provides
the greatest opportunity for gaining a strategic, op-
erational and financial advantage [2, 3].

Benchmarking is a relatively advanced im-
provement technique which is best applied as an
improvement process starting to mature. The most
appropriate time to undertake a structured Bench-
marking activity is when the following applies:

= anew idea exists and needs to accelerate im-
provement of the process in order to effective
comparisons;

= new ideals are thought to be needed to acceler-
ate improvement;

= the organization wants to learn from others,
adapting the best practice and the best proc-
esses.
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2.1. Types of Benchmarking

The choice of type of Benchmarking is to
some extent determined by the nature of the proc-
ess — some that lend themselves to easy internal
Benchmarking, while some technically complex
processes are best looked at within the industry
(Fig. 1). Where there are options, the choice is nor-
mally determined by a balancing risk and reward-
internal Benchmarking which is the easiest and
therefore usually the least expensive to do, but it
often yields only modest benefit. On the other
hand, generic Benchmarking is the most complex
and potentially expensive, but it can produce a real
breakthrough improvement.

Functional

l::ompniithra |

Potential benefit

[ internal |

Difficulty

Fig. 1. Potential benefits depend on Benchmarking types [4]

Internal Benchmarking

Internal Benchmarking is applicable when we
compare the performance of similar or identical
processes that operate throughout in the organiza-
tion (e.g. across different departments). Internal
best practices may be found in a number of proc-
esses, and the result is a new standardized process
that incorporates a number of these practices and
thus raises the performance of the process in all
areas.

Competitive Benchmarking

Competitive Benchmarking gives a direct
comparison with your competitors. This type of
Benchmarking is most often done remotely, rather
than by a visit. Research has to be bassed on mate-
rial that is freely available and published.

Functional Benchmarking

This is where the function of the process has
many parallel examples in many other organiza-
tions. Often these processes are those that nearly
every organization needs to carry out to perform
effectively and they are usually the supporting
processes within the organization.

Generic Benchmarking

This is the most abstract form, and it involves
comparison of processes with similar features, but
which on the surface can seem very different.

2.2. Phases of a Benchmarking process

Benchmarking was used in the development
of the leadership through quality strategy, and ex-
tended far beyond competitive analysis to include
the identification and study of the best in the class
for all areas of process management relevant to the
business.

A Benchmarking process has three phases
(Fig. 2): planning, analysis and improvement.

[1. Selecting the Process to be Benchmarked]

[2. Analysing the Current Performance]

[ 3. Finding the Right Partner(s) ]

L L

4. Exchanging Data

5. Visits

6. Identifying the Performance Gap

L L

S

[ 7. Plan for Improvement

[ 8. Implementation ]

e

9. Monitor and Review ]

Fig. 2. The phases flowchart of the Benchmarking process
according to literature data [4]

Mech. Eng. Sci. J., 27 (1), 1-8 (2008)
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Planning

Like most good quality practices, the secret of
successful Benchmarking lies in the quality of the
planning undertaken. Choosing the most appropri-
ate process to benchmark is vital. Ensuring that the
organization thoroughly understands the perform-
ance of its own process before looking for com-
parisons is the next step in this phase. Once man-
agement had done this, then it is ready to research
the performance of other organization and identify
the best potential ones which to benchmark.

Analysis

Having established suitable Benchmarking
partners, you are then ready to exchange informa-
tion about your respective processes — either thro-
ugh remote data exchange, a face-to-face visit or
quite often, a combination of both. This enables
you to establish the size of the performance gap
and helps you identify the most interesting oppor-
tunities for improvement.

Improvement

Option for improvement can then be identi-
fied and prioritized, and once the desired im-
provement options are agreed, the planning for im-
plementation can take place. Successful implemen-
tation of the new process is obviously the most
critical part of the project so it is important to
monitor measure and review performance in order
to ensure that the desired improvement has indeed
been achieved.

2.2.1. Planning the Benchmarking activities

o Selecting the process

Structured benchmarking projects need re-
source and often involve expenditure in terms of
travel and other associated costs. Done well, they
are therefore a significant investment for the or-
ganization, unless you are simply Benchmarking
internally. It is therefore important to choose the
subject of Benchmarking wisely.

Very often the processes chosen for Bench-
marking are those that would appear the greatest
scope for improvement.

o Analysing the current performance

A fundamental requirement of successful
benchmarking is the need to thoroughly understand
your own process before seeking Benchmarking
partners. The flowchart is essential not only to help

Mauu. unnc. naywu. ciiuc., 27 (1), 1-8 (2008)

you understand the effectiveness of your process,
but also your Benchmarking partner may be in de-
mend to see the flowchart. The high level process
can easily be seen and understood, but operational
details are also available when needed.

Once flowcharted, the key characteristics of
the process are measured. The measures used may
relate to customer satisfaction, the outputs of the
process or the internal process performance.

o Finding the right partner(s)

If the desire is to become *“the best of the
best”, then this is a critical stage in the Benchmark-
ing process. Identifying the most appropriate type
of organizations to partner with, finding the best
performers, and then making contact and getting
access is key to success. The steps involved cover
the following:

— confirming the appropriate type of Bench-
marking;

— researching possible partners;

— identifying and selecting best-in-class per-
formers;

— developing preliminary questionnaires for
potential partners;

— identifying what you have to offer potential
partners is return;

— making initial contact.

Effective research is the key. The purpose of
preliminary questionnaires is both to gather infor-
mation to narrow down the partner choice and to
avoid wasting both your own time and resources
and those of your potential partners.

The questionnaires should be designed to pro-
vide information that you have not been able to
establish from desk research. The required infor-
mation is usually related to the performance of the
process, and is used to help choose the most effec-
tive partners.

2.2.2. Comparison and analysis

The second phase of the Benchmarking proc-
ess involves comparison of processes, performance
and the analysis of the results in order to answer
the questions:

— What results have been achieved, and how
have they been achieved?

— What is the difference in performance, and
what can we learn from it?

The main activities are:
o FExchanging data

The contact had been made and the agreement
got in principle, you should establish the terms of
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agreement for working with the partner. For in-
stance, they may have their own conventions as to
how much and what type of information is needed
before a visit can be arranged. Whenever reason-
able, you should always try to meet the partner’s
requirements. In many cases, after a thorough
analysis of your own activities and exhaustive re-
search, you will want to visit your chosen partner
to verify what is being achieved (using valid and
truly comparable measures) and how it is actually
being achieved (the processes, procedures and
work practices). Remember though that a visit is
not always necessary. With appropriate documen-
tation, including flowcharts, if available, it may be
possible to conduct an effective Benchmarking
interchange electronically or by telephone. This is
often necessary when benchmarking partners are in
far-flung places (attractive though the thought of a
visit might be).

o Visits

If it is decided that a visit is appropriate, you
owe it to your partner (and of course to your-
selves), to prepare well for the visit in order to
make the best use of your respective organizations’
resources. Having prepared a plan, your partner
will expect some information from you about your
requirements from the visit. Be prepared to share
your checklists, interview plans etc. so that the
partner organization is in the best position to opti-
mize your visit. Also, don’t forget to communicate
within your own organization about plans for the
visit. The need for this will obviously vary accord-
ing to the nature of the project and the organization
to be visited.

Planning and organizating of the visit include:
—who should go on the visit;

— how to organize the visit;

— developing check list and interview;
— recording and analyzing the findings.

o Identifying the performance gap

The first step in the analysis is to quantify the
performance differences between your process and
the partner’s ones. You need to understand, quanti-
tatively, their practices and approaches. Any of the
early steps is the effort to understand the current
performance. This can then be used as a bench-
mark against other organizations that have a simi-
lar process where the difference is a simple gap
analysis. Some Benchmarking has very structure
statistical gap analysis and other use a more quali-
tative gap analysis of the data collected. It is im-
portant that effective Benchmarking rarely results

in simple coping of another organization’s process.
The mayor gains are usually to be found in learn-
ing from the other process and adapting aspects of
it to fit best your own circumstances and culture.

2.2.3. Implementing improvement action

This is an essential phase of the Benchmark-
ing process. The phase of improvement is an effi-
cient way to promote effective change by learning
from the successful experiences of the other one
and putting that learning to good effect. Many of
the aspects of the phase however, are common to
many improvement projects, and should apply the
principles of sound change management.

Improvement in the quality of products, ser-
vices, and processes can often be obtained without
major capital investment, if an organization mar-
shals its resources, through an understanding and
breakdown of its processes in this way.

The driving force for this will be the need for
better internal and external customer satisfaction
levels, which will lead to the continual improve-
ment question "Could we do the job better?"

An important aspect of action for improve-
ment of Benchmarking is maturity of the process
and the achievements of the superior performance.

Many of the aspects, and you should apply
the principles of sound change management.

The broad process you should follow has
three phases:

e Plan for improvement

The major steps involved here are:

— making recommendations for improvement,
with quantitative targets and qualitative practices;

— developing the implementation plan, with
activities, responsibilities and resources clearly
identified;

— gaining acceptance of the recommendations
and plans.

o Implementation

Once the organization is ready for implemen-
tation of the improved process:

— hand over responsibility to those involved
in implementation;

— implement according to the plans;

— monitor the results and progress against
plan;

— ensure implementation is integrated into
“normal” practice.

Mech. Eng. Sci. J., 27 (1), 1-8 (2008)
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o Monitor and review

The final step is to review the project for con-
tinuous improvement. Then, you:

— review the Benchmarking project and les-
sons learned,

— identify further opportunities for bench-
marking;

— maintain an ongoing relationship with
Benchmarking partners.

3. CRITICAL SUCCESS FACTORS AND
BENEFIT OF BENCHMARKING

Like any other improvement technique, Bench-
marking requires certain prerequisites for success.
Many of these factors will be common to improve-
ment projects, such as process improvement teams.

The critical success factors for Benchmarking
are:

»  Management commitment and involvement

This is the most quoted factor. If the cost and
effort of benchmarking projects is not to be
wasted, management must visibly commit to proc-
ess Benchmarking practices in order to ensure real
and lasting improvement results.

»  Understanding and measurement

Benchmarking is dependent on understanding
processes in detail. Existing systems and proce-
dures must be understood and, where possible,
clearly documented and flowcharted.

If you do not know how to measure your own
performance, it will be impossible to compare it
with other organizations. This is especially true in
the case of process Benchmarking where there may
be adequate data on the output of processes but
few, if any, “in process” measures available.

Management must organize measuring its
own performance as a base for comparing to other
organizations.

= Appropriate partners
Benchmarking will be of most benefit if ap-
propriate partners are identified. Often manage-

ment may be tempted to benchmark with certain
organizations just because they exist as customers
or suppliers. According to such approaches, con-
tacts may prove to be more difficult in the initial
stage, but the rewards will be greater in the long
run.

= Action

Benchmarking can only provide information
and data upon which to make decisions. The true
benefits come from making those decisions about
changes and implementing the changes. The action
steps are the most critical; you mustn't condemn
the good work of Benchmarking teams to the
bookshelf of "useful and interesting" reports that
are of no action.

= [ntegration

Benchmarking will be most effective when a
truly integrated way of doing business and com-
monly accepted at all levels of the organization.
This will be demonstrated by incorporation of ex-
ternal Benchmarking targets and Benchmarking
projects into the business planning process and the
resultant cascade into team and individual objec-
tives and performance appraisal.

There are many reasons why organizations
undertake Benchmarking. When carried out effec-
tively, the process Benchmarking can provide a
way to learn from what the others have already
achieved, enable learning about the performance
levels of other organizations (i.e. benchmarks) and
provide a basis for setting improvement targets,
provide motivation for people in the organization
by seeing just what it is possible to archive [6].

The benefit of Benchmarking can be numer-
ous and it includes creating a better understanding
of the current position, heightening sensitivity to
changing customer needs, encouraging innovation,
developing stretch goals, and establishing realistic
action plans.

The idea and opportunities for improvement
from Benchmarking are presented on the Figure 3.

HOW are we doing it?
HOW WELL are we doing it?

WHAT are we doing?
Compare
and learn

= WHAT are others doing?
= HOW are others doing it?
= HOW WELL are others doing it?

Opportunities and ideas
for improvement

Fig. 3. Idea for opportunities from Benchmarking [4]

Mauu. unnc. naywu. ciiuc., 27 (1), 1-8 (2008)
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4. PRACTICE OF BENCHMARKING

The evolution of Benchmarking in an organi-
zation is likely to progress through four focuses.
Initially attention may be concentrated on competi-
tive products or services including, for example,
decision, development and operational features.
This should develop into a focus on the industry
best practice and may include, for example, aspects
of distribution or service. The real breakthroughs
are when organizations focus on all aspects of the
total business performance, across all functions
and aspect, and address current and projected per-
formance gaps. This should lead to the focus on
processes and true continuous improvement [7].

As the simplest, the competitive Benchmark-
ing, the most common form, requires every de-

Table 1

partment to examine itself against the counterpart
in the best competing companies. This includes a
scrutiny of all aspects of their activities. Bench-
marks which may be important for customer satis-
faction for example, might include

= product or service consistency;

= correct and on-time delivery;

= speed of response or new product development;
= correct billing.

Benchmarking is very important for the ad-
ministration areas, since it continuously measures
services and practices against the equivalent opera-
tion in the toughest direct competitors or organiza-
tions renowned as leaders in the areas, even if they
are in the same organization. An example of quan-
titative benchmarks in an organization for absen-
teeism is given in Table 1.

Quantitative Benchmarking in absenteeism

Organization's
absence level (%)

Production opportunity

Under 3 This level matches an aggressive benchmark that has been achieved in "Excellent" organizations.
3-4 7 This level may be viewed within the organization as a good performance representing a moderate
productivity opportunity improvement.
5-8 . This level is tolerated by many organizations and represents a mayor improvement opportunity.
9-10 . This level indicates that a serious absenteeism problem exists.
Over 10 . This level of absenteeism is extremely high and requires immediate senior management attention.

Technologies and conditions vary between
different industries and markets, but the basic con-
cepts of measurement and benchmarking are of
general validity. The objective should be to pro-
duce products and services that conform to the re-
quirements of the customer in a never-ending im-
provement environment. The way to accomplish
this is to use a continuous improvement cycle in all
the operating departments — nobody should be ex-
empt.

The purpose of Benchmarking then is pre-
dominantly to:

= change the perspectives of executives and man-
agers;

= compare business practices with those of the
world class organizations;

= challenge current practices and processes;

= create improved goals and practices for the or-
ganization.

As a management process for change,
Benchmarking uses a disciplined structured ap-
proach to identify what needs to be changed, how
it can be changed, and the benefit of the change. It
also creates the desire for change in the first place.
Any process or practice that can be defined can be
benchmarked but the focus should be on those
which impact on customer's satisfaction and/or
business results — financial or non — financial.

For organizations which have not carried out
Benchmarking before, it may be useful to initially
carry out a simple self-assessment of their readi-
ness in term of:

= how well processes are understood,;
= how much customers are listened to;
=  how committed the senior team is.

An American Productivity and Quality Centre
shows the readiness of an organization for Bench-
marking (Tab. 2). A score between 32-48 means

Mech. Eng. Sci. J., 27 (1), 1-8 (2008)
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that the organization is ready for Benchmarking,
the score 16-31 means that the organization needs

some more preparations, and 0-15 that the organi-
zation needs some help.

Table 2
Practically provides a simple pro forma for this purpose: is the organization ready
for Benchmarking?
Statements about the organization most : some : few : none
The process has been documented with measures to understand performance v
Employees understand the processes that are related to their own work v
Direct customer interaction, feedback, or studies about customer influence the decisions v
about products and services
Problem solving is a teamwork v
Employees demonstrate by words and deed that they understand the organization's v
mission, vision and values
The organisation demonstrates by words and by deeds that the continuous improvement v
is part of the culture
Commitment to change is articulated in the organization's strategic plan v
Add the columns 3 3 1
Multiply by the factor %6 x4 x2
Obtain the grand total 32

5. CONCLUSION

The process Benchmarking is a structured ap-
proach of comparison and learning. Benchmarking
measures an organization's products, services and
processes to establish targets, priorities and im-
provements, leading to competitive advantage
and/or cost reductions.

The purpose of Benchmarking is predomi-
nantly to change perspective, compare business
practices, challenge current practices and proc-
esses, and to create improved goals and practices,
with the focus on the customer's satisfaction and
business results.

Benefits of Benchmarking can be numerous
and include creating a better understanding of the
current position, heightening sensitivity to change
customer's needs, encouraging innovation, devel-
oping stretch goals, and establishing realistic ac-
tion plans.

Presented practically, a simple scoring pro
forma may help an organization to assess whether
it is ready for benchmarking, if it has not been en-
gaged in it before. Help may be required to estab-
lish right platforms if low scores are obtained.

Many reasons for benefits of Benchmarking
processes exist: to provide a way to learn from

Mauu. unnc. naywu. ciiuc., 27 (1), 1-8 (2008)

what others have already achieved; to enable learn-
ing about the performance level of other organiza-
tions and to provide a basis for setting improve-
ment targets and to provide the motivation for peo-
ple in the organization by seeing just what it is
possible to achieve.
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Bo Tpygor e npukaxkana MeTojiosiorujaTa Ha Bench-
marking-or Kako OCHOBa 3a MOOOpyBare Ha OW3HHUC-
npouecute. I[IpukaskaHu ce THIOBHTE HAa MPOLECATE Ha
Benchmarking npeky kou ce nedpuHUpaHU MOTEHIMjaTHHU-
Te mpuOOUBKHU BO opraHu3anyujata. OnuiaHu ce asure

Ha npouecuTe Ha Benchamrking: nnanupame, copenba u
aHam3a u mopobpysame. Bo TpymoT mcTo Taka ce nmpuka-
SKaHU pe3yJTaTUTe Off HOAroTBeHocTa 3a Benchmarking-or
Ha eJ[Ha OpraHu3alnyja off IoApadjeTo Ha IPOU3BOJCTRO.
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A bstract: The problem of ISDN service in the na-
tional telecom provider, has existed for several years. Utiliza-
tion of the service is very low. Low sales of the service arise
from the poor quality of the service delivering.

The application of the Pareto analysis of failures in the
service delivery shows that the main problem is poor quality
of equipment and unqualified technicians for provisioning of
the service. By reducing the number of suppliers, replacement
of all terminals from vendors that count 80% of total faults on
terminals and establishing of the long-term partnership com-
mitment with the best vendors will increase the quality of the
service. Well educated, empowered and rewarded employees
will also deliver improved quality.

The justification of the proposed solution shows that in
the period of one year the company will have financial benefit.
Continual measure, review and improved customer service,
based on customers’ perception of how well the service is, not
on how the company thinks it is, is crucial factor for improv-
ing quality to obtain business growth.

Key words: quality; service delivery; suppliers; operations

1. DESCRIPTION OF CURRENT SITUATION

“Makedonski Telekomunikacii AD” (Mak-
Tel) is a dominant provider of telecommunication
services in the Republic of Macedonia.

In 1997, the company was separated from its
predecessor “PTT Makedonija” as a telecom pro-
vider. In 1998, the Company was registered as
Shareholding Company owned by the Government
of RM, in order to prepare for the future privatiza-
tion. In 2001, the Consortium led by the Hungarian
telecommunication operator MATAV bought 51%
of the shares of MakTel, thus becoming a domi-
nant owner of the Company. Today the Company
is publicly held with majority shares owned by
Magyar Telekom.

The Company’s portfolio consists of a variety
of products and services, starting with telephony

services in national, long-distance, and interna-
tional traffic, including ISDN services, value-
added services, public payphones, up to Internet
services and complex business solutions. At the
end of 2006, the total number of subscribers was
480,000, out of which only 9,200 are ISDN cus-
tomers, which represent only 1,9% of the total cus-
tomers.

Since the beginning of 2005 the competition
exists in all segments of offering voice services.
The competition in the Internet exists from the
very beginning of Internet era in the country.

In many households, there is a demand for
several phone lines: one for business, one for nor-
mal family use, one for Internet, a different one for
teenage children etc.

In most cases, ISDN is the solution because it
offers multiple subscribers numbering, making it
possible for as many as 10 numbers to be allocated
per line.

ISDN (Integrated Services Digital Network)
is a service offered by telecom providers. ISDN
offered affordable high-speed last mile connec-
tivity. The biggest ISDN applications are voice,
Internet access, and videoconferencing and accord-
ing to Heather [1], “... few people had an obvious
need for the depth of communications service that
these lines provide”(p.53).

The company introduces the ISDN service in
1997. From the 18,000 parts installed in the digital
switches, only 9,200 are sold until the end of 2006.
Nine years after implementing the service in the
network, and having in the company product port-
folio, the number of customers using the ISDN
service is less than 2% from the total number of
customers. Although the company introduces the
service almost at the same time as other telecom
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operators in Europe, the number of users in others
countries is significantly higher (28% in Slovenia,
12% in Hungary, 32% in Germany). Disproportion
is evident. Selling ISDN in the company is a prob-
lem.

Ron [2] in his article stated: “Since ISDN is a
digital service and capable of high rates of speed
over the same pair of copper wires that service the
POTS infrastructure, combining voice and data
over a common medium, it results in improved
service capacity and higher quality” (p. 70). Even
ISDN is a digital service and should result in
higher quality, customer’s perception as the poor
service quality is one of the biggest problems for
increasing the sales volume.

According to the faults statistics for 2006, the
existing ISDN subscribers were reported more than
3400 faults. In the previous years, the ratio be-
tween number of subscribers and reported faults
was similar.

The detail analysis of reported faults shows
that the majority of faults occurred on the network
terminals and physical telephone lines. The net-
work terminal is equiped for service delivery
throughout transformation of analogue network
into digital connection.

Over the period of nine years, the company
changes several times the suppliers of network
terminals (at least six times). Because of different
type and quality of the equipment, difficulties with
maintenance exist. The maintenance and fault
clearance of different type of terminals is difficult
for technicians and usually they need additional
help from engineers in an expertise. Therefore,
faults are not cleared promptly. The average time
in faults for ISDN customers is bigger than for the
ordinary phone line. Concerning the fact that the
main users are SOHO (Small Office Home Office)
users, their business depends on reliable Internet
and phone connections. Not having consistent and
conformance service delivery forces them to use
the alternative type of telephone connections. Ac-
cording to Slack [3] “Quality is consistent confor-
mance to customers’ expectations” (p. 555). Obvi-
ously, there is no consistency in the quality of of-
fered service and customer’s view of quality, so
the problem of sales arises from the quality issue.

2. POSSIBLE SOLUTIONS

The ISDN service is inseparable from the
company as a service provider. Employees, who

install the terminal equipment and activate ser-
vices, are also part of the ISDN services. In addi-
tion, the key for successful service delivery is reli-
able customer-contact people. Technicians who
install the terminal equipment at customer prem-
ises are not well trained and educated. The service
quality depends on their performance. Therefore,
employee’s behavior directly affected the ISDN
service. Major characteristics of services, their
quality, can vary greatly depending on who pro-
vides them, when and how.

Because employees are part of the service, the
quality of the service will depend on the quality of
the delivered service by employees. According to
Heskett [4] “...customer satisfaction and the result-
ing sales volume to the satisfaction derived by the
person serving the customer. Naturally, the more
motivated the employee, the better the service is.”
A careful selection and development of employees
is important to succeed in the business. It is neces-
sary to obtain customers who focus education for
technician, and additional technical education for
technicians who install terminals. Finally, the im-
plementation of incentive system for all employees
involved in the process of service delivering will
enhance the quality.

According to Levitt [5] “No matter how well
trained or motivated they might be, people make
mistakes, forget, commit indiscretions, and at
times are uncongenial-hence the search for alterna-
tives to dependence on people” (p. 99). Therefore,
relying on quality based only on people is a threat
for the company.

Reducing number of suppliers and replace-
ment of all terminals from vendors on which faults
frequently occurred is the next possible solution
for improving the service quality of ISDN. In addi-
tion, the company should offer long-term relation-
ships to suppliers, asking from them to provide
exact standardized quality, and to fit the company
business policy.

3. DESCRIPTION OF THE PROPOSED
TECHNIQUE OR CHANGE PLANNED

The Pareto analysis will be used to identify
the vital few problems or causes of problems that
have the greatest impact. A Pareto diagram repre-
sents the data in the form of a ranked bar chart that
shows the frequency of occurrence of items in de-
scending order. The Pareto diagrams usually reveal
that 80% of the effect is attributed to 20% of the

Mech. Eng. Sci. J., 27 (1), 9-14 (2008)
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causes; hence, it is sometimes known as the 80/20
rule. The purpose of the Pareto analysis is to dis-
tinguish “vital few” from “trivial many”.

Kiesow [6] while discussing the usage of the
Pareto chart as a tool for continuous improvement
gives three steps for using the chart

o identify the most significant aspects of the
problem,

e generate theories and test them,
¢ use chart to show the impact of each theory.

If the theory worked, the largest bars of the
Pareto chart will be reduced. In the next step, bars
will show another set of significant items.

Using the strategic service vision by Heskett
[4], the company should find a link between the
service concept and the operating strategies. The
company should maximize the difference between
the value of the service to customers and the cost
of providing it. On the other hand, the company
must take care of the customer’s perception of
quality of services, because if the customer finds
that the quality is not on a satisfactory level, that
can jeopardize the current ISDN service.

According to Slack [3] operations seek to sat-
isfy customers throughout developing five per-
formance objectives. Those five performance ob-
jectives are quality, speed, dependability, flexibil-
ity and cost. The customer has a strong influence
on performance objectives, so different competi-

tive factors (defined by customers requirements)
imply different performance objectives.

Order qualifying factors for the ISDN service
are prices comparable with ordinary phone lines
and the possibility for value added services offered
by ISDN. Order winners factors are high-speed
Internet connectivity, digital quality of voice and
possibility up to ten numbers to allocate per line.

According to Parasuraman [7] study, pre-
sented in his article, customers define 10 different
dimensions of consumers’ expectation about per-
ception of services. In addition, he presents four
key discrepancies or gaps on the service provider’s
side that affect the customer's perception of the
service quality. The existing gaps are related to
service quality specification-service delivery gap
and expected service-perceived service gap. Ta-
guchi [8] stated that if the product or service fails,
the company must replace it or fix it. Losses will
be much greater than the cost of manufacture, and
there are no expenses that will recoup the loss of
reputation. MakTel case of failure of the ISDN
service delivery is proved what Taguchi wrote in
his article. The bad reputation of MakTel ISDN
service, reduces the usage of this service and it is
very difficult to be on track again.

In the Table 1 below fault statistics for 2006
for ISDN are presented. According to that data, the
Pareto chart is prepared.

Table 1
Fault statistics for ISDN (place of faults)
Place of faults
<) z £ | g
S 5 @ = © S
- — c — —
8 E 2 @ 2 g S 5B 5 S
20 S = 53 ‘g g >z 1 5
S = © I > = 2 5 E > 2
E 2 5 g = = e = Sy > =
£ S =& 3 = X 2 3 x £ 2
8 E 2% & | % E s 88 & =g %
£z Ez g | 2 £ £ 2 5 8§ £
— O Z 3 04 o z k= a c %) =L (@)
OC Skopje 4240 1630 498 728 152 104 75 29 44
OC Stip 2240 956 304 399 100 27 45 41 40
OC Ohrid 2720 880 286 335 98 54 31 36 40
Total 9200 3466 1088 1462 350 185 151 106 124
31.39%  42.18% 10.10% 5.34%  4.36% 3.06%  3.58%
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Chart 1. The pareto diagram for causes of faults on ISDN subscribers

Two items cover more than 73% of all faults.
Extraction of ‘vital few’ from ‘trivial’ many is
done. The problem is identified; the next step is to
analyze the causes. Problems with faults on the
physical telephone line exist due to the configura-
tion of network and designing access networks
with aerial copper cables. This problem is well
known and it is not a part of this analysis. The fo-
cus is how to overcome problems with network
terminals.

Detail analysis shows that there are two major
problems on terminals. The first one is faulty ter-
minals. The second one is faults on terminals due
to bad terminal configuration.

For the first problem, detail analysis of all
suppliers of NT was made. There are six different
suppliers. More than 80% of all faults occurred on
the terminals supplied by two vendors.

As Porter [9] stated, “From a strategic point
of view, it is desirable to purchase from suppliers
who will maintain or improve their competitive
position in terms of their products and service”.
The company should conclude long-term contracts
instead of six, with only two suppliers of network
terminals. Terminals from two vendors on which
faults occurred frequently, should be completely
replaced. As a result, there will be fewer faults,
easy maintenance, and lower training cost, thus
improved quality of the service.

Stanley and Goetsch [10] pointed that “em-
ployees need ongoing education and training to
continually improve quality, productivity and
competitiveness” (p. 178). Additional training for
technicians should be obtained. Training should
consist of two parts. The first one is the technical
part and will be focused on configuration of termi-
nals. The second part will be strictly customer fo-
cus oriented training. By that, the company will
provide consistency in service delivering.

4. JUSTIFICATION OF PROPOSED SOLUTION
WITH COST BASED ANALYSIS

“Companies seek to maximize the difference
between the value of the service to customer and
the cost of providing it”, stated Heskett [4] in his
article (p. 119).

The proposed changes and contribution to the
company improvement into the operations are
analyses in the period of one year. Those changes will
bring benefit to the company in the next years, too.

To improve service quality, the company
should ensure additional training for technicians.
The course duration will be two days and will
cover configuration, installation and maintenance
of NT. Additional training should be obtained for
the same employees to improve customer relations
contact.

Mech. Eng. Sci. J., 27 (1), 9-14 (2008)
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According to the analysis, 60% of faults are
on the terminals out of which 80% belong to two
vendors. Hence, for replacement will be
3466x%0.6%0.8 = 1664 network terminals.

Marketing cost will be generating to inform
all ISDN customers about new strategy for improv-
ing quality of services and to inform all other po-
tential new ISDN customers.

Improving quality of services will reduce time
in faults. The first benefit will be increased traffic
revenue. The second and the biggest benefit will be
increasing of sales volume of ISDN. Revenue will
be generating from connection fee, new traffics
and monthly subscription fee. The third benefit

will be reduced costs for overtime work for main-
tenance of faulty terminals. Related to the opera-
tional improvements, it is expected to have reduced
customer complaints that will result in reduced
usage of customer care personnel. Having two
suppliers will reduce inventory costs also. In addi-
tion, the greatest benefit will be increased value of
the company brand due to the increased quality of
offered service, reduced faults and promptly fault
clearance.

By adding all benefits and subtracted from all
additional costs will result in a positive effect of
124,760 € in the first year (Tab. 2).

Table 2
Cost based analysis for 5Smproving ISDN service
Cost benefits analysis €
Cost
Additional training for technicians 188 technicians x 2 days x 400 € 150,400
Customer care training 188 x 2 x 300 € 112,800
Cost of replacements of NT 90 € x 1664 pcs. 149,760
Marketing costs 30,000
Incentive system for ISDN service delivery Budget, dedicated to quality 25,000
~ improvement ) _
Total 467,960
Benefits
Increased traffic revenue for 2% 2% from 20€x12 from 3400 subs. 16,320
Saving on customer care personnel Reduce usage of personnel 6,000
Saving on over-time work for maintenance Reduce over time works up to 50% 4,600
activities
Increased sales of service for 15% 15% = new 1380 subscribers
One time connections fee 50€ x 1380 69,000
Monthly subscription fee 10€ x 1380 x 12month 165,600
Traffic generated from new subscribers 20€ x 1380 x 12month 331,200
______________________________________________________ Brand/Image improvement _ Cannot be quantify
Total 592,720

5. CONCLUSION AND RECOMMENDATIONS

ISDN as a product offers benefits to the cus-
tomers. Those benefits are communicated and de-
livered by product attributes. The main product
attribute is quality. Quality is one of the major po-
sitioning tools. Quality level supports the position
of the product’s on the market.

Quality level could be increased if the com-
pany offers consistency and conformance in the
service elivery.

Mauu. unnc. nayu. ciuc., 27 (1), 9-14 (2008)

Reducing suppliers of terminal equipment,
improving relationship with them based on com-
mitment on long-term partnerships, and force them
to obtain standardize quality of product is one set
of improvements of service delivery. As Stanley
and Goetsch [10] pointed “The goal is to create
loyal, trusting and reliable partners to win, while
promoting the continuous improvement of quality,
productivity and competitiveness” (p. 171).
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The other set is delivering quality through
employees. Employees should be encouraged, em-
powered and rewarded for delivering an excellent
customer experience. In addition, developing and
training employees is one of the key factors for
improving the business and driving quality. People
should share good practice and be involved in im-
provement activities (generate ideas, propose solu-
tions). Establishment of incentive systems for re-
warding employees for achievement and perform-
ance of excellent quality in the service delivery is
also important and useful tool. Delivering on the
basics of quality, as British Telecom [11] proposed
is the key factor for success.

Continual measure, review and the improve
customer service, based on what customers tell us
about how well the service is, not on how the com-
pany thinks it is. Using diagnostic tools for cost of
quality, statistical approaches, business excellence
self-assessment, and other techniques, to find pos-
sible improvement in business processes and op-
erations and prioritize it.

Finally, justification of changes showed that
operational improvement would gain significant
benefit even in the period of one year.

Obviously Kaotler [12] is right when states
that by increasing customer ratings of the service
quality, business could grow faster.
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Peszume

NNOOOBPYBAIBE HA OIIEPAIIMUTE ITPEKY KBAJIMTETOT HA CEPBUCOT

Bbopucnas T. HecropoBcku

Bya. ABHOJ 20/2-8, MK-1000 Ckoiije, Peitybauxa Maxeooruja
bnestor@mt.net.mk

Knyuynu 360poBu: KBaIUTET; CEPBUC; UCIIOPaKa; J0OaByBaUM; OIepau

ITpo6remotr co cepBucot ISDN BO HAIMOHATHUOT
TEJIEKOM-TIPOBajfiep MocTon noeke rogunu. Vickopucre-
HOMyBal€ HacTa Ha cepBUCOT € MHory mama. Cmabata
npopaxk6a Mpou3jieryBa Of JIOIIMOT KBaJUTET HA HUCIO-
pakaTta Ha CepBHUCOT.

IIpumenyBajku ja ananusa [Tapero Ha rpemikuTe BO
UCTopaKa Ha CepBUCOT, ce MOKa)KyBa fieka IJlaBeH Mpoo-
JIeM e JIOHIMOT KBAaJIUTET Ha onpeMara M He KBajauduka-
LUUTE Ha TEXHUYapUTe KOM IO MCIOpaydyBaaT CEPBUCOT.
Co HamasyBamwe Ha GpojoT Ha Jj0O6aByBauM M Ha 3aMeHa
Ha CUTe TepMuHaJM Ha fobaByBaunTe Kom mpasat 80% of
BKYITHUTE NMOBPEM HA TEPMUHAINTE, KAKO M CO BOCIIOCTA-
ByBam€ Ha JOJTOPOYHO MAPTHEPCTBO CO Hajaoopute jo-

GaByBauu Ke ce 3roieMH KBaIUTETOT Ha cepBucoT. [Joopo
o6pa3oBaHu 1 0O0yueHN pabOTHUIM, HA KOW UM ce AafleHn
OBJIACTyBama M KOM IOOpO ce HarpajeHu, Ke ucrnopayvyba-
aT moo6GpeH cepBuc.

AHanu3za Ha TPEJIOKEHOTO pelleHNe MOKaxKyBa
¢mHaHCHCKa JOOWBKA 3a MPETNPHjaTHETO BO TEPHOR Of
efHa roguHa. KOHTHHYHpaHO Mepeme, clefielhe U MOAo-
OpyBame Ha CEpPBHUCOT U CIIOPEAYBame Ha MPETIUIaHTHU-
nuTe, 6a3UpaHo Ha NeplenirjaTa Ha KOPUCHUIUTE KOJKY
e mobap cepBUCOT, a HE KOJKY KOMITAaHHWjaTa CMeTa fieKa €
noGap, e KpuTuieH (akTop 3a NOoKoOpyBamke Ha KBaJUTe-
TOT W COIJIAaCHO cO Toa 06e30efyBame Ha JIEIIOBEH pac-
TEX.
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A b s trac t: In this paper properties and applications
of aluminium matrix composites are presented with
a composite reinforced with saffil fibres selected for topical
study. Behavior of matrix and reinforcement during machining
with a cutting tool is analyzed. The paper presents an explo-
sive quick-stop device designed to obtain undisturbed ma-
chined surface for examination. Mesohardness measurements
of deformed structure, resultant chips and built-up-edge were
carried out. Scanning micrographs of machined surface are
presented with morphology and types of chips analysed. Val-
ues of the fibrousness angle y and thickening index k;, of chip
are evaluated. The research performed has enabled the authors
to define mechanisms of decohesion during cutting aluminium
matrix composites. The results received for composite mate-
rial are compared with those pertinent to aluminum alloys.

Key words: metal matrix composites; cutting; decohesion

1. INTRODUCTION

Metal matrix composites (MMC) are increas-
ingly popular as materials of choice for fabricating
high-strength parts in such industries as aviation,
acrospace and automotive. They can be found in
turbines, gas and rocket engines, pistons, heat ex-
changers, extreme temperature furnaces, airplane
supporting structures, optical and electronic de-
vices [1-3]. At present, a large variety of compos-
ites are commercially available. Matrix can be
metal, polymer or ceramics and reinforcement can
be of similar types in the form of fibres, particles
or powders. The main advantage offered by com-
posites is their ability of providing different prop-
erties by each of the constituents, e.g. high tensile
strength of fibres may be combined with high
thermal conductivity of matrix. The matrix con-
stituent is responsible for protecting reinforcement,
transferring stresses to it and giving final shape to

a composite part. The reinforcement in turn is ex-
pected to impart strength to the material.

Among metal matrix composites (MMC) the
aluminium ones are widely used. They are fre-
quently reinforced with ceramic fibres or particles
which impart high stiffness, strength (both static
and dynamic) and hardness, at the same time leav-
ing the weight-to-volume ratio at an acceptable
level [4-8].

New composite materials can only be utilized
fully if there are methods available of transforming
them into finished products. Material removal
processes are viewed in this respect as a principal
category of candidate manufacturing techniques.
The difficulties are obvious—completely different
fracture mechanisms of the two composite con-
stituents and aggressive abrasive effect of rein-
forcement on cutting tools. That is why ma-
chinability of MMCs is being extensively investi-
gated throughout the world. The present paper is
concerned with mechanics of decohesion and me-
chanics of chip formation in cutting aluminium
composite materials. Knowledge of the underlying
mechanisms may be helpful in selecting and con-
trolling independent variables of adopted material
removal processes.

2. EXPERIMENTAL PROCEDURE
AND CONDITIONS

2.1. Material investigated

The investigation was done on aluminium
composite materials reinforced with ceramic Al,O;
fibres of the saffil type manufactured by ICI SAF-
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FIL. Cast AlSi9Mg (AK9) alloy constituted the
matrix. Properties and chemical constitution of the

two constituents and the finished composite are
shown in Tables 1, 2 and 3.

Table 1
Approximate chemical composition and minimum properties of AK9 Al-alloy [10]
Element weight content, % Minimum properties

Alloy designation Si Cu Mg Mn Fe Ti  YSoo, MPa UTSMPa Asomm % HB

EN AC-AISi9Mg 9.5 <0.05 0.35 <0.1 <0.18 0.15 190 230 2 75
Table 2

Chemical composition and properties of Al,O; “saffil” fibres
Chemical composition, % Properties
Aluminum oxide Al,O4 SiO, Fibre dia, yum  p,kg'm~>  UTS, MPa E, GPa
13 ffl”
i 96 4 3 3300 2000 300

Table 3

Approximate chemical composition and minimum properties of the composite

Composition, %

Properties

Composite Matrix
material
90

Fibres Hardness, HB
10 105 250

UTS, MPa

The presented method of fabricating parts
with zonally arranged fibres was worked out at the
Institute of Production Engineering & Automatiza-
tion of Wroctaw University of Technology. It con-
sists in preparing first a fluid mixture of saffil fi-
bres and silica cohesive agent. The solution is then
filtered off, formed into a desired shape, dried and
fired at a high temperature. The saffil brick is then
placed at a given place of a mold, poured with a
molten metal and squeeze cast [9].

2.2. Experimental details

Orthogonal cutting was selected as well con-
trollable means of inducing deformation in the ma-
terials tested. The machining operation could be
stopped abruptly to “freeze” the cutting zone. The
base of the chip being formed could then be left in
the undamaged form so as to obtain reliable micro-
scopic evidence.

In order to remove the tool insert in a clean
way at high cutting speeds a custom designed ar-
rangement was used. The inserts could be shot off
by projectiles consisting of hard-steel nails ejected
by a Hilti DX E72 pistol. The rounded nail tip hit
the insert beyond the area of rack face-chip con-

tact. Velocity of the flying insert fragment was
more than twice the used maximum cutting veloc-
ity. A close-up of the set-up is shown in Fig. 1.

Fig. 1. Experimental set-up with a device for impact-type
interrupting of the cutting process

The experiments were performed on a NC
lathe (FAT TUR 560 MNx2000. A SECO CER
2525M20Q tool shank with a 20ER5.0FG dia-
mond-coated carbide insert was used. The tool tip
geometry was: 5,=3, a,= 10, A=0°, x,=0°.

Mech. Eng. Sci. J., 27( 1), 15-22 (2008)
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In the first part of the study concerned with
mechanics of decohesion three cutting speeds (100,
650, 1200 m/min) and two values of feed (0.08,
0.24 mm/rev) were used. The stage of chip mor-
phology investigation involved a broader range of
cutting parameters: cut layer width of 4 mm, feed
f=0.19 mm/rev and a variety of cutting speeds
v.= (50; 150; 300; 500; 700; 900; 1200 m/min).

The cylinder-shaped specimens were squeeze
cast so that they contained ring-shaped zones rein-
forced with saffil fibres. The arrangement enabled
the investigators to compare mechanisms of deco-
hesion acting in composite areas and bulk matrix
material.

3. RESULTS AND DISCUSSION
3.1. Mechanisms of chip formation

Mechanisms of decohesion active in cutting
particular materials depend to a large extent on
their mechanical properties. The investigated alu-
minium MMC is less prone to plastic deformation
than its AK9 matrix. Its higher hardness and
strength properties can be attributed to ceramic
reinforcement. Despite differences in ductility of
the two constituents in either case chip is formed
by plastic shearing. Metallic grains undergo severe
plastic deformation when passing through the cut-
ting zone. Marked traces of work hardening under
an angle of 77 (Figs. 2 and 3). Origins of those lines
are located at the shear plane whose defining angle
is @. The work hardening lines at the bottom side
of chip are bent and aligned parallel to the tool
rake face. This is due to high friction and adhering
interaction between the tool and the chip.

k2
Fig. 2. Chip base of aluminium alloy AK9 with a visible built-
up edge (cutting parameters: v.= 100 m/min, f= 0.08 mm/rev)

Mauu. unnc. nayu. ciuc., 27 (1), 15-22 (2008)

e oy
Fig. 3. Chip base of aluminium composite
(cutting parameters: v.= 100 m/min, = 0.08 mm/rev)

Ceramic fibres exhibit a different behaviour
under cutting conditions. They deform elastically
and eventually break (Fig.4). At the upper and
middle zones of chip the fragments of broken fi-
bres are aligned predominantly along work harden-
ing lines in contrast to the bottom chip zone where
they lie parallel to the tool rake face. Only a frac-
tion of fibres were found to lie slanted or perpen-
dicular to the matrix deformation direction. Ce-
ramic fibres act as glide arresters and thus hinder
plastic deformation. This is why composite micro-
structure within the cutting zone and the chip is
less fragmented than in the equivalent areas of pure
Al alloy (Fig. 5).

The built-up edge was observed in both types
of materials and especially in cutting at lower
speeds  (50-300 m/min) (Fig. 2). Considerable
amount of the built-up material (a) gets adhered to
the bottom side of chip (b) and removed off the
workpiece.

i e B0 gl 3
Fig. 4. Chip base with visibly deformed ceramic fibres
(cutting parameters: v, = 650 m/min, = 0.24 mm/rev)
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Fig. 5. Bottom side of a chip with visible ceramic fibres
(cutting parameters: v,= 650 m/min, /= 0.24 mm/rev)

The remaining fragments (c) get embedded
into pre-machined surface and consequently re-
moved along with the top chip zone (e, d). The
built-up edge in composite is less developed, its
structure is different from that present in the chip —
it is more fragmented, seems to be almost ground.
The difference is confirmed by mesohardness
measurements — the built-up material is harder than
the chip one. The Al alloy built-up edge varied
over the 137-175 HV range while the composite
built-up edge matrix hardness variation was 115—
160 HV. The difference in hardness of chips pro-
duced in cutting of pure Al alloy and the composite
was much smaller: the respective hardness ranges
were 110-115 HV and 98-110 HV. The summary
of mesohardness measurements is shown in Figs 6
and 7.

162HV

Fig. 6. Mesohardness of the aluminium built-up edge and chip
(cutting parameters: v.= 100 m/min, /= 0.08 mm/rev)

Fig. 7. Mesohardness of the composite built-up edge and chip
(cutting parameters: v.= 100 m/min, = 0.08 mm/rev)

3.2. Morphology of the chip

Optical micrographs of longitudinal sections
of chips are shown in Table 4. The cutting speed
range that gives rise to built-up edge formation was
confirmed. For speeds lower than 300 m/min there
are remains of the built-up edge clearly visible
both at the bottom and top zones of chip. Those
harder particles make the chip inhomogeneous.
The built-up edge is more pronounced in pure al-
loy. As cutting speed rises, the built-up edge van-
ishes giving place to a heavily deformed thin layer
at the bottom side of the chip.

Table 5 gives values of the fibrousness angle
v and thickening index k;, of chip as a function of
cutting speed. The obtained data show that the chip
fibrousness angle rises by 3.5 times over the inves-
tigated cutting speed range (v. = 50 — 1200 m/min).
A similar 2.5-fold increase was found in the com-
posite. The angle itself was larger in the composite
than in pure AKO9.

The thickening index k;, decreases with in-
creasing cutting speed. For the cutting speed range
tested, in Al alloy the decrease was 40%, but in the
composite the decrease was 27%. At speeds lower
than 300 m/min the index of AK9 chip was 1.25
that of composite chip. At the highest speeds used
the index of AK9 chip was 1.15 that of composite
chip. The above results can be explained by ob-
serving that ductile alloy cut at low speeds is prone
to upsetting, while fibres act to lower this suscepti-
bility. At higher speeds conditions of parting chip
and base Al material get gradually better approach-
ing those found in composite. The observation is
confirmed by a decreasing difference in the thick-

Mech. Eng. Sci. J., 27( 1), 15-22 (2008)
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ening index values of the two materials at higher
cutting speeds.

In evaluating types of chips produced the se-
lected tool rake face was flat in order to have no
effect on the chip process formation. In Al alloy

Table 4

over the whole range of cutting speed the continu-
ous chip was formed while in composite cut at
speeds higher than 300 m/min the chip was discon-
tinuous. In addition to that, in the latter case the
chip curls got tighter with increasing speed.

Micrographs of chips produced in orthogonal cutting of AK9 (left) and composite (vight)

Mauu. unnc. nayu. ciuc., 27 (1), 15-22 (2008)

V=50 m/min

=300 m/min

v=1200 m/min
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Table 5

Chip fibrousness angle v and chip thickening index k;, as a function of cutting speed and material selected

Ve Chip fibrousness angle y Chip thickening index k;,
m/min AlSi 9Mg Composite AlSi 9Mg Composite

50 10° 18° 1.64 1.3
150 16° 35° 1.8 1.2
300 20° 38° 1.55 1.15
500 24° 40° 1.45 1.08
700 27° 40° 1.3 1.03
900 30° 40° 1.2 1.03
1200 35° 45° 1.16 1.02

3.3. Machined surface

Investigation of the machined surface gives
much insight into mechanisms of decohesion. The
examination was done on a JSM 5800LV JEOL
scanning microscope. Fig. 8 shows machined sur-
face of the composite after being turned at a speed
of v, = 100 m/min. The surface finish is very bad
with clearly visible built-up edge chunks pushed
inside the plastic matrix and signs of material
dragging. Ceramic fibres are hardly visible-they
are either pushed inside the bulk metal or covered
by particles not moved away from the workpiece.
The few visible fibres are short fragmented sec-

tions. Fig. 9. Machined surface of the aluminium composite
(cutting parameters: v.= 650 m/min, /= 0.08 mm/rev)

Fig. 8. Machined surface of the aluminium composite
(cutting parameters: v.= 100 m/min, /= 0.08 mm/rev)

Fig. 10. Machined surface of the aluminium composite
(cutting parameters: v,= 1200 m/min, /= 0.08 mm/rev)

Figs 9 and 10 show specimens turned at
speeds of v. = 650 and 1200 m/min, respectively.
This time there are no signs of material dragging or The surface finish is much higher. The fibres,
built-up edge particles. similarly as in cutting at low speeds, are generally

Mech. Eng. Sci. J., 27( 1), 15-22 (2008)
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aligned in accordance with the cutting direction.
The directionality is due to the friction action at the
tool edge — machined surface interface. There is
hardly no interphase debonding though fibre end
faces do show lack of contact with the matrix. This
can be attributed to large tensile stresses left at the
workpiece outer layer by a moving cutting edge.
Individual fibres were found to be broken into two
fragments of whose one was fixed in the matrix
perpendicular to the surface and the other was par-
allel to the surface — the effect of a tool not being
capable of shearing through the fibre.

4. CONCLUSIONS AND OBSERVATIONS

The investigation can be summarized as fol-
lows:

1. Decohesion in cutting both the Al alloy and its
composite form is largely the result of plastic
shear except for the fibres that first deform
elastically and then break in a brittle fashion.

2. The ceramic fibres undergo severe fragmenta-
tion when passing through the chip separation
zone. Most of them are removed with the chip
material, those pressed into machined surface
are predominantly oriented along the cutting
direction.

3. High tensile stresses acting upon the work-
piece area just left by the cutting edge give rise
to debonding between matrix and fibres. The
fibre fragments embedded in the chip material
are not affected by this defect.

4. Fragmented saffil fibres are predominantly
aligned along hardening traces observed within
the chip volume. This is also the case at the
bottom side of the chip where the traces are
parallel to the rake face.

5. In cutting the AK9 alloy with cutting speeds
v.< 300 m/min a sizeable built-up edge is
formed. In cutting the composite the effect is
by roughly 50% smaller.

6. Mesohardness of the built-up edge in cutting
the AK9 alloy is by 25% higher than that for
the composite. This is due to smaller fragmen-
tation of microstructure and smaller plastic de-
formation of the composite. A similar phe-
nomenon, though less pronounced, can be no-
ticed in the chip where mesohardness of the
composite matrix chip was found to be 10%
smaller as compared with that for the matrix
alone.

7. The fibrousness angle rises with the cutting speed.
At cutting speeds of v.=50— 1200 m/min it
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rises from 10° to 35° in AK9 and from 18° to
45° — in the composite. The higher angle val-
ues in the compound material can be attributed
to higher friction at the chip — rake face inter-
face.

8. Thickening indexes for the chip decrease con-
siderably as the cutting speed is increased.
Over the speed range of v.= 50— 1200 m/min
they are reduced from 1.8 to 1.16 for AK9 and
from 1.3 to 1.02 — for the composite. The
thickening index in the composite is always
smaller than in the matrix.

9. The radius of the chip curl usually gets larger
as cutting speed is increased. The composite
chip behaved the other way — chip coils got
tighter as cutting speed rose. It is strange be-
cause chip fibrousness angles in this study rose
considerably with cutting speed reaching as
much as 45° at a speed of v. = 1200 m/min.
That would suggest that the material gets re-
oriented in the direction opposite to the direc-
tion the chip assumes to coil itself up. Despite
that the coils got gradually tighter.

10. Machinability of the composite in cutting is
satisfactory and is not worse than that of the
bulk matrix. There is some difference at lower
cutting speeds v, < 200 m/min.
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Knyunn 300poBu: aTyMUHUYMCKY KOMIIO3UTHU MaTEPHjalll; peKeme; IeKoXe3Hja

IIpercraBeHn ce OCOOMHUTE W MpPUMEHATA Ha ajy-
MUHUYMCKATE KOMIIO3UTHH MaTepujaanu. Onuinad e any-
MUHUYMCKHOT KOMIIO3UTEH MaTepujasll 3ajakHaT Co
BIIaKHA Of] cadmi, Koj Oerre mpefMeT Ha MCTPasKyBame.
IIpe3eHTUPaHO € MPOESKTHUPAHOTO MOMATasio 3a EKCILIO-
3WBHO TNIPEKWHYBame Ha MpPOIEecOT Ha pexeme. Ompe-
JIETICHO € OJHECYBaIheTO HAa OCHOBATa M 3ajaKHYBaHETO
Ha KOMITO3UTOT 32 BpeMe Ha OieNlyBame Ha MaTepHjalioT
CO MOMOII Ha Pe3adyKoTO ceumiio. VI3BeleHn ce Mepema
Ha Me30TBpAoCTa Ha KOHCTUTyHWpaHaTa CTPYKTypa, Hac-
TaHATHUTE CTPYIIKH, KAKO ¥ Ha CO3[aJICHOTO 3ajaKHATO Ce-
gmino. [Tpe3entupanu ce MuKpogoTorpaduu off MOBPIIIH-

HU NOOMEHH CO CTpyXewe. Bo TpyaoT ce aHalIM3UpaHu
rpagbaTta, BUOT ¥ OONMKOT Ha CO3NaficHATE CTPYIIKH.
IIpecMeTaH e aroioT Ha CO3laBame TEKCTypa W Koedu-
OUEHTOT Ha 37ebellyBame Ha CTpymkarta. l3BemeHure
HCTpakyBama OBO3MOXKM]ja fia ce Ne(PUHAPA MEXaHU3MOT
Ha IeKOXe3Wja 3a BpeMe Ha OfifieNlyBamkhe Ha MaTEepHjalioT
MpH peXele Ha ATyMHHUYMCKHUTE KOMIO3UTH. JI06H-
EHHUTe Ppe3yJNTaTH Off UCTPaKyBambe Ha KOMIIO3UTHUOT
MaTepHjaj ce CIOopelyBaHu CO Pe3yJTaTUTE Ha MCTPAXKY-
Bame Ha alyMUHMYMCKA JIETYpa Koja IpeTCTaByBa OCHOBA
BO KOMITO3UTHUOT MaTepHjal.
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Abstract: Asolution for modernisation of the met-
rological characteristics of the universal measuring micro-
scope UIM-21 is presented. The modernisation phases, exper-
tise, modernisation and adjusting of the component parts and
the calibration are noted. The trends in the field of modernisa-
tion and upgrading of the metrological performances of meas-
uring microscopes are accentuated. The recommendation for
equipment choice is shown and the characteristics of the nec-
essary equipment for realisation of the modernisation are de-
scribed. The characteristics and metrological capabilities of
the modernised universal measuring microscope supported by
the processor QM—Data 200 are described.

Key words: measuring microscope; metrological characteris-
tics; modernisation; processor QM-Data 200

1. INTRODUCTION

Due to their comprehensive metrological char-
acteristics, the universal measuring microscopes are
often present in the laboratories which deal with the
metrology of geometrical characteristics and qual-
ity research (Fig. 1). The measuring microscopes
are used in dimensional measurements of objects
which cannot be measured with contact methods,
in cases when the object which is analysed cannot
be directly or indirectly enclosed with a measuring
tool or when the object has a complex form [1].

The universal measuring microscope of the
model UIM-21 (Fig. 2) is designed for linear and
angle measurements in rectangular and polar coor-
dinates. It is used for measurements of thread parts,
cutting tool, profile patterns, cams, cones, radii of

roundness, distance between the axes of the open-
ings with different dimensions etc. [2]

In the composition of the additional equip-
ment of the microscope the partition heads, the
rotary tables, the changeable object glass and lens,
the special equipment for measurement of helix
and etc. are included [2].

The measurements are usually conducted
through an optical way, using a non-contact
method, and through this act the influence of the
measurement forces as a factor for causing errors is
excluded. During this kind of measurements the
object itself is not measured, but its magnified pic-
ture. The quality of the captured picture in the
ocular scope largely depends on the operator’s ca-
pability for adjusting, the kind of lighting, as well as
the errors which are the result and characteristics of
the component elements of the optical measurement
system. These errors often cannot be identified and
determined immediately and they have a direct ef-
fect on the quality of the received results. Namely,
quality evaluation of the measuring results ex-
pressed by the indeterminacy of the measuring re-
sults mostly depends upon the expertness of the op-
erator, the applied method, the components which
participate in the composition of the optical meas-
uring system necessary for the realisation of the
measurements, and of the conditions on the prem-
ises. The necessary time for conducting the meas-
urement process, the tiredness of the operator, the
possibility of causing accidental and subjective
errors when recording the values have also influ-
ence on the measuring results.
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Fig. 1. Laboratory for metrology of geometrical characteristics
and quality research at the Faculty of Mechanical Engineering
in Skopje

The non-contact method conjugated with the
optical systems for a picture analysis in the ocular
scope and the optical measuring systems with dual
Archimedes’ spiral, enables small speed for con-
ducting the measurements, without a possibility of
a dimensional identification of the analysed object
with small number of captured points. The non-
contact method in many cases is not satisfying.
The solution for more complex measurement tasks
is complicated, if sometimes impossible. [3]. The
rapid development of the production technology
gives opportunities for construction of new optical
digital measurement microscopes designed for
non-contact measurements [4], with a significantly
superior quality and accuracy from the previous
generations of microscopes, i.e. classical micro-
scopes.

The trend of simplifying the measurement
processes with usage of optical measurement tech-
niques has imposed a need for increased quality of
conduction of the optical measurements, and
quicker, easier and safer conduction of the measur-
ing process.

These are at the same time the factors which
are taken in consideration when conducting the
modernisation of the already existing measurement
microscopes, with the purpose of surpassing their
drawbacks. This is done in the course of improving
the metrological characteristics and approaching
the characteristics of up-to-date measurement mi-
croscopes [4, 5].

Fig. 2. An aspect of a universal measuring microscope
of the model UIM-21

2. DIRECTIONS OF MODERNISATION
OF THE CLASSICAL UNIVERSAL
MEASURING MICROSCOPES

The confirmed metrological characteristics of
the universal measuring microscopes from the pre-
vious generation, known also as classical micro-
scopes, microscopes with glass linear scale and
oculars with a double Archimedes' spiral etc., as
well as the model UIM-21, still motivates some
interest for their modernisation, i.e. modernisation
of the measuring process, extension of its capabili-
ties and increasing the efficiency of the measuring
process.

The process of modernisation of the metro-
logical characteristics of the classical measuring
microscopes includes conduction of an expertise,
modernisation and adjustment of the component
parts as well as their calibration [6].

The expertise is the basis for identification of
the measuring microscopes’ technical condition
and defining the activities needed for retrieving
their metrological characteristics. At the same
time, the techno-economical analysis represents a
basis for adoption of the suggested solutions for
modernisation of the measuring microscopes in
order of the desired quality of modernisation level.

The modernisation of the classical measure-
ment microscopes encompasses overhaul of the
mechanical parts, replacement of the optical meas-
urement systems consisted of glass linear scales
and optical oculars with dual Archimedes’ spiral,
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replacement of the existing lighting, and measure-
ment process modernisation during the picture
analysis in the ocular scope as well as the way of
recording the picture. The calibration is the last
stage and it consists of adjusting the component
parts, checking and defining the accuracy, i.e. edi-
tion of appropriate certificates for the measuring
microscopes with defined indeterminacy. This ac-
tivity is in the jurisdiction of the accredited labora-
tories for calibration of length and angle. The ne-
cessity of conducting training for the operators of
the modernised microscopes should be mentioned.

Following the world trends for development
of the metrological characteristics of the measuring
microscopes, the directions of modernisation of the
already existing measuring microscopes, substanti-
ated with the experiences from concluded mod-
ernisations in this field in many countries [2], it
can be ascertained that this kind of intervention is
profitable as an activity for improving the charac-
teristics of the measuring microscopes.

The analysis of the accessible solutions of the
already conducted modernisations of the universal
measuring microscopes, as well as the new models
of universal measuring microscopes, has enabled a
conclusion that the modernisation as an activity for
bettering the metrological characteristics of the
measuring microscopes is most often conducted
through [3, 5, 7, 8, 9, and 10]:

— replacement of the existing glass linear
scales and oculars with a dual Archimedes’ spiral
or through a superstructure of the existent meas-
urement optical systems with incremental opto-
electronical linear scales, replacement of the me-
chanical micrometer systems with digital ones, as
well as lighting, with the purpose of providing an
improved quality of the picture in the scope of the
system for visualisation and length identification in
the working space in the direction of three axes;

— connection of the incremental optoelec-
tronic linear scales with digital indicators, i.e. with
a computer through an adequate interface, enabling
visualisation and recording of the measurement
results, as well as their statistical processing;

— a replacement of the optical systems de-
signed for visualisation and analysis of the picture
in the scope of the ocular with a CCD camera with
appropriate resolution and her connecting to a
computer, an activity which enables recording of
the analysed picture and its visualisation on the
monitor;

— introduction of computer processing of the
measurement results and the analysed picture, with
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the application of own or commercial software, as
well as processors (QM-Data 200 from Mitutoyo
Company ...) manufactured for this purpose, with
a possibility of connection to a computer.

3. MODERNISATION OF THE UNIVERSAL
MEASURING MICROSCOPE

The process of modernisation of the universal
measuring microscope begins with an expertise,
where the techno-economical analysis of the sug-
gested concept solution has an important position.
Firstly, the necessary means for leading the classi-
cal measuring microscope in the original condition,
defined with its metrological characteristics mar-
ked in the technical directions when purchased are
analysed. The size of these means depends above
all, on the condition in which the measuring micro-
scope is. Next is the analysis of the necessary
means for conducting the modernisation of the
measuring microscope, for the purpose of ap-
proaching its metrological characteristics to up-to-
date measuring microscopes. These means have a
defined purpose of achieving as smaller difference
as possible between the metrological characteris-
tics of the modernised measuring microscope and
the updated microscopes.

The final decision is a result of a mathemati-
cal calculation of the total means necessary for a
realisation of the modernisation of the measuring
microscope in accordance with the suggested con-
cept solution in comparison to the necessary means
for buying a new microscope.

The process of bringing the classical measur-
ing microscope of the model UIM-21 in its original
condition in direction of achieving the needed met-
rological characteristics is realised in the Labora-
tory for metrology of geometrical characteristics
and quality research at the Faculty of Mechanical
Engineering in Skopje [6]. A few stages of this
process are presented on Figure 3.

The evaluation of the condition of the meas-
uring microscope of the model UIM-21 confirmed
that the wholesome modernisation of the meas-
urement process is profitable.

The concept solution includes: a purchase and
embedding of linear scales for three axes, addi-
tional lighting, display for visualisation of the read
coordinates on three axes, a CCD camera, a proc-
essor QM-Data 200, a connection to a computer, a
monitor, and a printer [7, 8, 9].
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Fig. 3. Stages of the conducted process for bringing the metrological characteristics of the measuring microscope
in their original condition

The modernisation of the process for identifi-
cation of the length measures in the working meas-
urement space of the measuring microscope in the
direction of the axes X = 200 mm, Y = 100 mm,
and Z = 100 mm is predicted with the addition of
new incremental optoelectronical linear scales.

The existent glass linear scales and oculars
for reading with a dual Archimedes’ spiral remain
in use as a component part of the measuring micro-
scope for the purpose of conducting educational
activities.

The new incremental linear scales are set in a
position suitable for a free conduction of the meas-
uring microscope processes (Fig. 4a). As crucial
criteria when choosing the linear scales, the com-
patibility of the connection between the linear
scales and the processor QM-Data 200 (Fig. 4b)
from the manufacturer Mitutoyo, the measurement
range of the linear scales which is necessary and

the embedding dimensions as length, width, and
height of the new linear scales necessary for the
setting of the movable and immovable places of
the measuring microscope are accepted.

The analysis regarding the fulfillment of the
above mentioned criteria has shown that the most
suitable and easily adjusting to the universal meas-
uring microscope are the linear scales of the type
AT 500 — HL /HR from the Mitutoyo Company
manufacture programme, with an appropriate
measurement range in the direction of the axes
X =200 mm, Y= 100 mm, and Z = 100 mm (Fig. 5).

The places of setting the new linear scales of
the measuring microscope are presented on Figures
4a and 4b, and the connection of the linear scales
to a processor QM-Data 200 on Figures 4b and 6.

In cases of simpler modernisation, without a
processor QM-Data 200, the connection of the lin-
ear scales is conducted with a display for visualisa-
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tion of the read coordinates on the axes X, Y, Z.
This is presented on Figure 6.

A significant place in the analysis of the pic-
ture in the scope of the ocular has its quality, most
of all the sharpness of the picture plays a signifi-

cant part due to a more exact defining of the edges
of the researched object.

It is decided that the improvement of the
visualisation in the scope of the ocular should be
done with a use of a CCD camera (Fig. 7).

Fig. 5. The linear scale, type AT 500 — HL /HR from the Mitutoyo Company.
1 — main unit of the linear scale; 2 — main cable; 3 — I/F box; 4 — signal cable; 5 — connector A; 6 — grounding; 7 — NC controller

Fig. 6. Principled scheme for setting and connecting the new linear scales to the processor QM-Data 200,
in the process of modernisation of the measuring microscope UIM-21

Mauu. unnc. naywu. ciuc., 27 (1), 23-30 (2008)
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CCD camera ]

LED ring light ]

Fig. 7. An improvement of visualisation of the picture in scope of the measuring microscope
with the use of a CCD camera and LED ring lighting [10]

The use of a CCD camera enables an increase
of the picture in the scope to more than 100 times
[7], position defining of the edges of the researched
object is also made easier and precisely stated, which
act has an immediate influence on the accurateness
of the dimensional identification and on further
calculations. Lighting has also an immediate influ-
ence on the picture quality in the scope of the ocu-
lar. For this purpose a ring lighting of the type 176-
366A from Mitutoyo company is used (Fig. 7).

The next step in the modernisation of the
measuring microscope is the automation of the
measurement process, through recording of the
measurement process results, their processing, set-
ting the identification acts of the analysed objects
in an automatic regime, and conducting complex
calculations for a realisation of the predicted meas-
urement tasks. For that purpose, a processor QM-
Data 200 from the Mitutoyo Company (presented
on Figure 8) is selected, with an option for a con-
nection to a computer and a possibility of additional
analysis of the received results in MS Excel [9].

Its use basically changes the classical concept of
measuring the working object. The processor enables
an automatic display of the measurement results;
the graphic assistance presented on LCD monitor
leads us during the measurement sequences.

There is a possibility of defining the object
(circle, centre of ellipse etc.) with a minimal num-
ber of captured points — coordinates and also a
possibility of accepting a larger number of cap-
tured the coordinates (up until 100) for increasing
the accuracy. Also, there is a function which en-
ables the coordinate system alignment, which ex-
cludes the need for tuning of the axes of the work-
ing piece with the axes of the measuring micro-

scope; the measurement procedures (part pro-
grams) can be memorised and repeated, which is
especially useful when measuring a series of parts;
an own menu can be created for our specific needs
and also MACROS for loading on a previously
memorised measurement sequences can be made;
for the purpose of automatic recognition of the
measuring the object’s kind and making the pre-
selection unnecessary, there is (Al) function for an
automatic identification.

For all measurement results comparative ana-
lyses of the nominal values with the given tolerances
are possible, as well as a use of various statistic
evaluations. Also, there is a possibility for trans-
ferring the results in a tabular shape (CSV) for proc-
essing in MS Excel as well as the possibility of their
memorisation on an appropriate information holder.

The above mentioned possibilities of the QM-
Data 200 processor are a result of previously de-
fined relations between the information about the
coordinates of one captured point, middle point of
two or more points, the point of the centre of three
and four points, the diameter of the orifice and the
circularity (with 100 points), a middle point of an
ellipse, middle point of an rectangle, width and
length (with 5 points), a middle point of an orifice
and the intersected point of two lines, the length
between two points and the coordinate differences,
an angle of a line relative to the X-axis and
straightness of the line defined with at least two
points or as a middle value of a hundred points,
characteristic values of an ellipse ( the largest and
smallest diameter, an angle between the main axis
of the ellipse and the X-axis), the mutual position
between two straight lines (the intersection and
complementary angle).
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Fig. 8. Appearance of the monitor of QM-Data-200 processor from the Mitutoyo Company.

There are possibilities of adjusting the coor-
dinate measurement system with a rotation and
translation; defining the intersection between a line
and a circle, drawing an angle centre line, the nor-
mal distance between a point and a line, the inter-
secting points between two circles, normality be-
tween two lines, minimal and maximal distance
between a line and a circle, coordinates of the mid-
dle point from two points, parallelism between two
lines, distance of the centres between two circles,
coordinates of the tangent point of a circle, middle
point between two centers of circles, tangent angle
of two circles with X-axis, a radius of edge, a dis-
tance between the point and the centre of a circle
and etc.

4. CONCLUSION

The realised activities in the presented paper
enable an underlining of the main goal of the mod-
ernisation process of the laboratory measuring mi-
croscope UIM-21, which is its modernisation and
whole recovery of its measuring capabilities.

Mauu. unnc. naywu. ciuc., 27 (1), 23-30 (2008)

The process for modernising the metrological
characteristics of the measuring microscope begins
with:

— an expertise, as a basis for identification of
the measuring microscope’s condition;

— modernisation, which is conducted on the
basis of a previously adopted solution and in the
range dependent on the necessary level, and

— adjustment of the component parts of the
measuring microscope i.e. its calibration.

With modernisation of the measuring micro-
scope its metrological characteristics are expanded
from the aspect of installed software and the
needed level according to the requests in the up-to-
date standards. The useful value of the modernised
measuring microscope, and its operating time is
extended.

With the relatively small investment for mod-
ernisation of the classical measuring microscope
UIM-21, the purchase of a new and expensive
measuring microscope is avoided.

With the implementation of the mentioned
new elements in its modernisation, the measuring
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microscope UIM-21 receives measurement per-
formances close to the performances of the up-to-
date measuring microscopes.

Today, when there are more and more re-
quests for quality and increase of the competition
on the market, it is practically inconceivable to
have an absence of activities for continuous updat-
ing of the measurement techniques and implemen-
tation of the modern measuring devices in the me-
trology of geometrical sizes and quality research.
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MOJAEPHMU3AIINJA HA YHUBEP3AJEH MEPEH MUKPOCKOII TUII UIM-21
CO ITIOMOIII HA ITPOLHECOP QM-Data 200
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Knyunu 360poBu: MEpeH MUKPOCKOIT; METPOJIOLIKY KapaKTePUCTUKH; MOJCpHU3AIY]ja;

npouecop QM-Data 200

IIpercraBeHO € pelleHHe 3a OCOBpPEMEHyBame Ha
METPOJIOIIKUATE KapaKTEePUCTUKU Ha YHUBEP3aJIHUOT Me-
peu mukpockon mozen UIM-21. HaGeneskanu ce etanure
IIPH OCOBPEMEHYBAKETO, KAKO IITO € U3BEAYBAhE HA EKC-
nepTu3a, MOJEpPHU3alMja U HAarofyBame Ha COCTABHUTE
[EIOBM Ha MEPHUOT MHUKPOCKOII, OJTHOCHO HETrOoBa Kaju-
6panmja. [loTeHnmpanu ce TpeHAOBHUTE BO 0GIacTa Ha MO-

JepHU3anyjaTa 3a nogoOpyBame Ha METPOJIOIIKHUTE Mep-
¢opmaHcH Ha MepHuUTe MUKpockonu. JlajeHu ce mpemno-
paku 3a u360p Ha olpeMa M OIUIIAHU ce KapaKTepHCTH-
KHTe Ha OIpeMara HEONXOJHHW 3a peaju3alyja Ha MOJ-
epHm3anyjata. OnuiaHu ce KapaKTEePUCTHUKUTE U METPO-
JIOIIKUTE MOXHOCTH Ha MOJIEPHU3MPAHUOT YHHMBEp3aleH
MEPEH MUKPOCKOII €O IOMO1II Ha npouecop QM-Data 200.
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Abstract: Text More than 20 years parallel robots
attract the interest of the scientific community and in many
applicative domains like, production of motion generators,
machine tools, precision positioning devices, medical equip-
ment, pick and place machines, etc., where their potential
advantages (high accuracy, rigidity, speed, acceleration and
load carrying capability) could be very useful. The objective
of this paper is to notify some of the open problems in parallel
robotics, which is a limitation factor of the wider practical
application of this type of robots.

Key words: parallel robots;open problems;research

1. INTRODUCTION

A parallel robot is composed of two or more
closed-loop kinematic chains in which the end-

effector (mobile platform) is connected to the base
(fixed platform) by at least two independent kine-
matic chains. Between the base and the end-
effector platforms are serial chains (called limbs or
legs) [90] (Fig. 1).

The parallel robot could be named as a hexa-
pod, a Stewart platforma, Gough platform, a Stew-
art-Gough platform, a parallel kinematic machine
(PKM) or a parallel manipulator. The theoretical
work on parallel mechanisms dates back to as early
as 1645 by Christopher Wren, then in 1813 by
Cauchy and in 1867 by Lebesgue. Variable-length-
strut hexapods, as those used in motion simulators
[31, 84] have existed almost 50 years.

Fig. 1. A Fanuc parallel robot [94] (US patent No. 5987726) [93]
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Parallel mechanisms are stronger than the se-
rial ones because the load is distributed among all
legs, but also because, for some architectures, the
legs are only subjected to axial loads. Also, parallel
robots theoretically should be more precise since
they are more rigid, and since the errors in the legs
are averaged instead of accumulated. Finally, these
robots are faster since they usually have their
heavy motors mounted on the base (Fig.1).

On the other hand, parallel robots have a
more limited and complex-shaped workspace.
Moreover, the rotation and position capabilities (if
both present) of parallel mechanisms are highly
coupled which makes their control and calibration
extremely complex. Furthermore, parallel mecha-
nisms generally have singularities within their
workspace and computing the resulting end-
effector position for a given set of actuator inputs
is, in general, a very difficult and complex problem
allowing up to 40 solutions.

A general overview of the main characteris-
tics of the parallel robots are given in the tTable 1.

Table 1

Feature Parallel robot
Workspace Small and complex
Solving forward kinematics Very difficult
Solving inverse kinematic Easy

Position error Averages

Force error Accumulates

Maximum force Summation of all actuator

forces
Stiffness High
Dynamics characteristics Very high

Modelling and solving dynamics Very complex

Inertia Small

Avreas of application Currently limited, especially
in industry

Payload/weight ratio High

Speed and acceleration High

Accuracy High

Uniformity of components High

Calibration Complicated

Workspace/rohot size ratio Low

In the past two decades parallel robots very
much attracted the interest in the robotics commu-
nity. A great interest for parallel robots come from
the potentially interesting features of parallel

mechanisms: high accuracy, rigidity, speed and
large load carrying capability, which in a very
large number of cases may overcome the draw-
backs of the more complex kinematics, dynamics
and smaller workspace. The great interest could be
exemplified by a large number of papers published
on this subject together with the application of par-
allel robots in very different domains such as fine
positioning devices, simulators, motion generators
(platforms), ultra-fast pick and place robots, ma-
chine-tools, medical applications, haptic devices,
entertainment, force sensors, micro-robots, etc.

But in fact all these advantages of parallel ro-
bots are only potential. Any real parallel robot will
present in practice impressing performances only if
all its components (either hardware or software)
present a high level of performance. However in
many cases unexpected difficulties in the design
and control of such a complex system have led to
performances which, although still better than con-
ventional serial mechanical architectures, were fare
below what was expected. In some cases, for ex-
ample, the machine tools, performances were even
the worst [89].

In the following we will give some examples
of some open problems in parallel robotics, which
makes limitation of wider practical application of
this type of robots.

2. OPEN PROBLEMS IN PARALLEL
ROBOTICS

2.1. Mechanical design

A lot of different mechanical architectures of
parallel robots, more than 100 according to [60]
with 2 to 6 DOF have already been proposed and it
is probable that not all of them have been discov-
ered. The analysis of the literature shows that more
than 80% of the parallel robots are with 3 DOF and
6 DOF. The rest are parallel robots with 5 DOF, 4
DOF, and 2DOF. Unfortunately there are not so
many proposed architecture that have only 4 or 5
DOF, while many applications require such a num-
ber of DOF. For example 4-DOF is sufficient for
most pick-and place applications, and 5-DOF is
adequate for every machine tool application.

There is a recent trend to propose parallel ro-
bots with 4 and 5 DOF: [19, 69, 16, 18, 26, 50, 99,
21, 98, 104, 10].

It is really an interesting research area but
many questions arise with this type of robots:

Mech. Eng. Sci. J., 27 (1), 31-41 (2008)
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e The proposed structures have in theory only 4
or 5 DOF and rely on geometrical constraints
to obtain this reduced number of DOF. In
practice however these constraints will never
be perfectly fulfilled and hence these robots
will exhibit parasitic motions. Open problems
are to determine what will be the maximal
amplitude of these parasitic motion, produced
by given manufacturing tolerances [11, 33],
and the dual problem of determining the am-
plitude of the manufacturing tolerances so that
the maximal amplitude of the parasitic motion
will not exceed a given limit.

e Having less actuators and sensors may sound
economically interesting, but it is unclear, if
classical parallel robots with 6 DOF which are
redundant with respect to the task, are more
appropriated. First of all their kinematic
chains are identical (which is not the case for
the most of 4 and 5 DOF robots). That will
reduce the maintenance costs. Then by using
the redundancy it is possible to optimize the
performances of the robot for a given task.

Redundancy is also an interesting and open
research area. In the field of parallel robots redun-
dancy has been used to increase the workspace of
the robot (such as in the Eclipse parallel robot
[45]) and to deal with singularities [65]. The main
unsolved problem for the redundant parallel robot
is to determine how to use the redundancy for an
optimal use of the robot.

2.2. Joints

Parallel robots require higher kinematic pairs
with relatively large amplitude of motion and, in
some cases, relatively high load. Current available
joints (either ball-and-socket or U-joints) are not
completely satisfactory from this view point, al-
though recent products like the INA joints have
been developed especially for parallel robots [25].
Hence the development of higher kinematic pairs
with 2 to 4 DOF is a key issue [4, 81]. As for any
mechanical joints these joints must have a low fric-
tion, no hysteresis and must have a very reduced
backlash. But in addition these joints must be de-
signed so that it is possible to add sensors to meas-
ure partly or totally the amplitude of the motion of
the joints, which is important for the forward
kinematics. Compliant joints are also an interesting
field of research, especially for micro-robots [62].
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2.3. Forward kinematics

The biggest kinematics problem in parallel
robotics is the forward kinematics, which consists
in finding the possible position of the platform for
given joint coordinates. The forward kinematics is
a more complex problem than its dual inverse
kinematics counterpart for serial robots. The need
of the forward kinematics is a controversial ques-
tion. It may be thought that forward kinematics is
an academic question that may be useful only for
off-line simulation purposes and a parallel robot
will be position controlled using inverse kinemat-
ics only. Pure position control is very difficult for
parallel robots, especially when there are con-
straints on both the trajectory and the velocity of
the robot (for example when the robot is used as a
machine tool). In that case velocity control, which
imply solving the forward kinematics, will be
much more appropriate.

Although there are many mechanical architec-
tures of parallel robots the forward kinematics
problem for most of them may be reduced to solve
the forward kinematics problem for a few key ar-
chitectures. For example solving the forward
kinematics for the Gough platform [64] allows to
solve the forward kinematics of the Hexa [68] or
the Hexaglide [37, 17, 36] although the mechanical
architectures of these robots are quite different.

It is now well known that the forward kine-
matics of the Stewart-Gough platform may have up
to 40 solutions and that all these 40 solutions may
be real. Numerous works have provided a deep
understanding of the problem which in turn has led
to efficient algorithms for determining all the solu-
tions of the forward kinematics using elimination,
the Groebner basis or interval analysis. Although
impressing progress has been made these algo-
rithms are not yet real-time and furthermore it can-
not be said that forward kinematics is a fully
solved problem. The research continues with the
works [58, 100, 40, 30, 79], etc.

The true forward kinematics problem is to de-
termine the current position of the platform being
given the joint coordinates. The algorithms provide
all the solutions and hence it is necessary to sort
the solutions to determine the current position. In
fact the true unsolved forward kinematics problem
is the combination of the current algorithms with a
sorting algorithm that will reject solutions that
cannot be realized physically because of the pres-
ence of singularity or of the possible interferences
on the trajectory. It is also unclear if this will be
sufficient to eliminate all solutions, or only one.
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Another approach to solve the forward kine-
matics is to add extra sensors to the robot. Each
extra sensor will provide an additional equation,
leading to an over-constrained system which,
hopefully will have an unique solution. The prob-
lem is here to determine the minimal number of
sensors and their location in order to have an
unique solution with the simplest analytic form and
quite robust with respect to the sensor errors. Some
of these problems have been analyzed in [8, 45,
29] but this issue is far from being solved. Adding
extra sensors may play also an important role in
the robot calibration.

2.4. Singularity analysis

There are various ways to introduce the con-
cept of singularities but the most spectacular one is
to consider the static behaviour of the robot. Let F
be the wrench applied on the platform of the robot
and 7 the set of joint forces. These quantities are
linearly related by

F=JT(X) (2.1)

where J 7T is the transpose of the inverse Jacobian
matrix of the robot that is position dependent. Each

component of the joint forces vector z; may be
obtained as a ratio:

Ty =7——= (2.2)

where A is the minor associated to 7;j. Hence, if A

is not O, the joint force z; will go to infinity at any
position, called singular position, where the deter-

minant of J T is 0, causing a breakdown of the
robot (in fact the breakdown will occur before
reaching the singularity).

Although the condition‘J‘T‘seems to be a

simple condition as the matrix J7T has an ana-
Iytical form, the full calculation of this determinant
leads to a complex expression with a large number
of terms (especially if the robot has 6 DOF).

This remains an important topic of study al-
though many progress have been made in this
field, for example the geometrical classification of
the singularities or algorithms for detecting singu-
larities in a given workspace [59]. We should also
mentioned the works of other authors dealing with
singularities for different types of parallel robot

manipulators like [44, 13, 2, 3, 83, 95, 96, 47, 102,
103, 51, 41].

Singularities for different configurations of
parallel robots still remains open field for research.

Another open question is the global analysis
of singularity in relation to the workspace and tra-
jectory planning. In that field we should mention
the work of [24].

2.5. Workspace

One of the main drawbacks of parallel robots
are their reduced workspace. Furthermore comput-
ing this workspace is not an easy task. Opposite of
classical serial robots, here the translational and
orientation workspace are coupled. Classically the
first approach to solve this problem is to fix the
values of some DOF until only 3 DOF are free.
This is usually done by fixing either the orientation
of the platform or the location of its center. In the
first case the geometrical approach that determines
geometrically the possible motion of the center of
the platform for each kinematic chains leads usu-
ally to the best result as it provides exact calcula-
tion with a compact storage and easy representa-
tion.

Orientation workspace is more difficult to
deal with as there is no universal way to represent
this workspace. Here we could mentioned the
works [7] and [70].

Another approach is to calculate an approxi-
mation either of the border or of the whole work-
space using a numerical method. Some of these
approaches have the advantage to be able to deal
also with limits on the motion of the passive joints
and to allow for workspace verification (i.e. to
check if a desired workspace is included in the
workspace of the robot). They may also calculate
various types of workspace.

The analysis of the workspace for different
types of parallel robots is given in [20, 6, 54, 96,
24,49, 71, 72].

The workspace analysis for different configu-
rations of parallel robots still remains open re-
search field.

Other unsolved problems are:

e a fast algorithm to compute the maximal mo-
tion of the platform,

¢ an algorithm that allows to check for links in-
terference. This is a much more complex
problem than may be thought in the first mo-
ment. It is necessary to determine all the hy-
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per-surfaces in the workspace for which a pair
of kinematic chain intersects in order to split
the workspace in interference-free regions and
then to determine in which region the initial
assembly modes is located to obtain the inter-
ference-free workspace of the robot. This is a
difficult task even for robot with very simple
kinematic chains [15].

2.6. Motion (trajectory) planning

Motion planning is a classical problem for se-
rial robots. But in the case of parallel robots the
problem is somewhat different. For serial robot
obstacle avoidance is the main reason for motion
planning, but for parallel robot is the workspace.
Possible problems are:

o verification if a given trajectory lie completely
within the workspace of the robot,

e determine if two positions may be reached by
a singularity free and interference free trajec-
tory that lie completely within the workspace
of the robot

Problem 1 can be solved for almost any arbi-
trary time-function trajectory using interval analy-
sis [59], while problem 2 has some particular solu-
tions [22, 24, 82, 85].

A lot of work have to be done in this area.

2.7. Calibration

Although this problem has been solved for se-
rial robots, this is not the case for parallel robots.
Indeed, for a serial robot, small errors in the geo-
metric parameters of the robot lead, in general, to a
large difference between the real position of the
end-effector and the expected one. This difference
may be evaluated by measuring the position of the
end-effector and then be used in an optimization
procedure which will determine values of the pa-
rameters the decreasing the positioning errors. Ap-
plied to the parallel robot this method leads to cali-
bration results that are in general disastrous. One
of the advantages of the parallel robot is that large
errors in geometric parameters may lead to quite
small errors in the position of the end-effector.
Furthermore the measurement noise has a large
influence on the results of the calibration process.

There are two types of calibration methods:

e external: an external measurement device is
used to determine (completely or partially)
what is the real position of the platform for
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different desired configurations of the plat-
form. The differences between the measured
position and the desired position give an error
signal that is used for the calibration [92, 105,
27,86, 73,74, 75, 76, 42, 23, 80, 87].

o self-calibration: the platform has extra sen-
sors (for example sensors that are used for the
FK) and only the robot measurements are
used for the calibration [63, 101, 27, 38].

The first method is difficult and tedious to use
in practice but it usually gives good results. The
second method is less accurate, but it is easy to use
and has also the advantages that it can be fully
automated.

An interesting theoretical problem is to de-
termine what are the measurement configurations
of the platform that will lead to the best calibration.
Of course there is an open problem to put the cali-
bration in use in a real, industrial environment.

2.8. Dynamics

Another advantage of parallel robots is that
they can reach a high acceleration and velocity,
due to the low mass of the moving elements [37, 17].

The first problem here is to determine an ap-
propriate dynamic model of the robot. Various
formulations may be used [56, 43, 97, 61, 48, 28],
although some simplifying assumptions have to be
made.

The second problem is implementation of
control algorithms, so that the use of the parallel
robot dynamic model, will really improve the mo-
tion control of the robot, compared to more classi-
cal control laws [17, 37, 36, 32, 91, 14, 39, 78, 46,
88, 5, 77].

Computing the dynamic model of a parallel
robot is time consuming (and involves also solving
the forward kinematic problem). An important
problem here is to determine what should be the
computation time of the calculation of the dynamic
model, so that its use in a control loop will really
lead to an improvement of the performances of the
robot. This is a very complex issue especially if it
is considered that the control algorithm is not con-
tinuous.

2.9. Synthesis and optimal design

It is well known that the performances that
will be reached by any mechanism depend upon:

o the topology of the mechanism,
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o the dimensions of the components of the
mechanism.

This is especially true for closed-loop, paral-
lel, mechanisms that are highly sensitive to both
factors. When we design a parallel mechanism so
that its performances should best fit to the list of
requirements, both aspects must be taken into con-
sideration:

e topological synthesis. i.e. finding the general
arrangements of joints, links that will describe
the general kinematics of the structure.

e dimensional synthesis, i.e. finding the appro-
priate dimensioning of the mechanism.

Synthesis of a parallel robot is an open field
(there are very limited number of papers dealing
with this problem) [1, 9, 26, 57] and the main task
for the development of parallel robots in practice.

The problems caused by using parallel struc-
tures in the field of a machine-tool has shown that
designers which have a deep understanding of
open-loop mechanisms but, have not experience in
closed-loop ones are focused only on the develop-
ment of the basic mechanical components of their
machine and have almost completely neglected the
analysis part.

Topology synthesis is a very complex prob-
lem for parallel mechanisms at the opposite of
open-loop mechanisms for which the number of
possible kinematic combinations is relatively re-
duced. Currently topological synthesis for parallel
robots is restricted to find a mechanism with a
given number of DOF without considering other
performance criterion(s).

Parallel mechanisms, robots, are highly sensi-
tive to dimensioning. One classical example given
by [59] is that by changing the radius of the plat-
form of the Stewart-Gough platform by 10% we
may change the minimal stiffness of the robot over
its workspace by 700%.

According to [59] none of the existing dimen-
sional synthesis methods are appropriate for paral-
lel robots which have usually a large number of
design parameters. Furthermore these methods lead
to a unique solution: in the case of parallel robots
there will not be a single solution to a design prob-
lem and providing only one design solution is not
realistic. The main difficulty comes from the crite-
rions which have to be considered: some of them
are antagonistic (workspace and accuracy — a very
accurate robot will usually have a small workspace

and vice-versa) or not continuous (no singularity
within the workspace), etc.

Therefore a design methodology should pro-
vide not only one single solution but, if possible,
all the possible design solutions, or, at least, an
approximation of the set of all design solutions.

With the optimal design (also includes topo-
logical synthesis and dimensional synthesis) which
is the crucial issue for development efficient paral-
lel robots, several interesting problems could be
solved, like optimization of:

— robot kinematics (workspace, accuracy,
maximal motion of the passive joints, dexterity,
accessibility, motion pattern, kinematic error);

— robot dynamic (robot max acceleration, ro-
bot max speed, inertia, centre of mass);

— robot flexibility (robot stiffness and robot
natural frequencies).

Optimal design is open and an actual prob-
lem. Very few papers could be found in this area
[66, 67, 52, 53, 12, 34].

2.10. Controller

A parallel robot will be an effective system
only if the robot controller allows dealing with the
specific characteristics of parallel robots. Unfortu-
nately the current trend, especially in the field of
machine tools, is adaptation of the existing hard-
ware for the purpose of controlling parallel robots.

This trend could be justified at the beginning
of parallel robotics; in the long term this will have
a very bad effect on the robot performances.

Analyses in the machine-tool field have
shown that more of the 70% errors on the fabri-
cated parts are induced by the controller, the CAD
system is responsible of approximately 20% of the
errors, and the Stewart-Gough platform (if opti-
mally designed) less than 10% [59].

Hence research should be focused mostly on
the controller. The hardware of the controller
should support:

o the possibility of using appropriate control
laws capable to deal with inherent non-
linearities of parallel robots,

o parallel computation (that will drastically im-
prove the sampling time),

e specialized integrated circuits that will be de-
voted to basic computation tasks such as in-
verse and forward kinematics.
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3. CONCLUSION

In this paper we notified some open problems
in parallel robotics. Some of the problems are long
term, but others should be solved as soon as possi-
ble in order to enable wider application of parallel
robots in practice.

Serial and parallel robots probably will live
parallel a long years. If we compare about 20 years
research in parallel mechanisms and more than 200
years in research to reach the current level of
knowledge for serial mechanisms, it is easy to con-
clude that this process of solving problems in par-
allel robotics will be in the long term.
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IToseke op 20 roguHu NMapajeHuTe poOOTH IO MpHU-
BJIEKYBAaaT BHMMAHMETO Ha HayyHaTa jaBHOCT Off €fHa
CTpaHa, a Off pyra cTpaHa HaofaaT U IPaKTHYHA IpUMe-

Ha BO pa3jInYHU aIllJInKallui KakKo HITO € NPOU3BOACTBOTO
Ha pa3InYHu CUMYJIaTOPH 3a NBUKECHC, aJJaTHU MalllMHH,
ypenn 3a Npeuu3HO NO3UNUOHUPAKE, METUIIUHCKA OIIpe-
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Ma, MallMHU 3a MaHUIlyJalyja co JeJOBU U INpeaMeTH,
UTH., Kajie IITO HUBHUTE MOTEHIWjaTHN TPETHOCTH (BH-
coka TOYHOCT, KpPyTOCT, Op3uHa, 3a0p3yBambe U CIOCOO0-
HOCT 3a MaHHNyIlallFja coO MOTEIMIKM TOBapW) MOXaT fa
6upat MHOTy nonesHu. lleaTa Ha 0BOj TPyJ € Ja yKaxe Ha
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HEKOHU Off OTBOpEHHTE IpOOJeMU KOM Ce jaByBaaT Kaj
poOoTHTE €O mapajejHa KMHEMATCKa CTPYKTYpa M KO
IIpeTcTaByBaaT OrpaHMYyBauku (paKToOp 3a HBHA IOro-
JileMa NpaKTHYHa IpUMEHa.
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A bstract Today ceramics is the collective name
for a range of different cutting tool materials. Originally ce-
ramics meant aluminum oxide (Al,Os3), which dates back to
the very first tools made. But in recent times, ceramics cutting
tools were first used at the beginning of the 20™ century, along
with the high speed steel.

Ceramics have undergone considerable development
and the inserts of today are not comparable to the early ones.
Machinery and methods of application have also changed to
better accommodate the excellent productivity that can be
offered by ceramics. Still, however, this now more versatile
material only represents a few percent of cutting tool material
used [1].

Key words: ceramics; cutting tools; aluminium oxide;
silicon nitride

1. INTRODUCTION

Ceramics cutting tool are hard, with hot hard-
ness, and do not react with the workpiece materi-
als. They have long tool-lives and can machine at
high cutting speeds. Very high metal removal rates
are achieved in the right application.

Some of main property differences between
non-metallic ceramics when compared to steel is a
density of around a third of steel, very high com-
pressive strength, no plastic elongation such as that
of steel and very brittle in comparison, the
modulus of elasticity for pure ceramics is almost
twice that of steel, ceramics have very low thermal
conductivity while steel has high [1].

Fig. 1. Ceramic cutting tools

2. TYPE OF CERAMICS MATERIALS

Today, a standardized vocabulary does not
exist, such as at sintered carbides or high-speed
steel. The following graduation is generally ac-
cepted. There are two basic types of ceramics [1]:

e Aluminum — Oxide based (Al,O;)
— pure,
— mixed,
— reinforced;

e Silicon — Nitride based (Si3N,).



44 R. Cep, Z. Pandilov

2.1. Aluminum — Oxide based

The pure oxide based ceramics has relatively
low strength, toughness values as well as low
thermal conductivity. These are obviously not the
best values to have in metal cutting and are the rea-
son why cutting edge fracture occurs if conditions
are not right.

The mixed aluminum oxide based ceramic
material has Dbetter thermal shock resistance
through the addition of metal phase. This type is
less sensitive to cracking through improved ther-
mal conductivity.

The reinforced ceramics, based on aluminum
oxide based is a relatively new development. This
type is also called whiskers ceramics [5], from that
of the single crystal fibre called whisker. These
whiskers are only about one micron in diameter
and length about twenty microns.

Fig. 2. Structure of aluminum oxide based ceramics [1, 2]
a) pure Al,03, b) ALO; +30% TiC

2.2. Silicon — Nitride based

This ceramics is a completely different mate-
rial and is better than Al,O; based ceramics in
standing up to thermal shock and as regards tough-
ness. It is the number one choice for machining
grey cast iron with very high removal rates.

The silicon nitride based ceramics is excellent
at maintaining hot hardness at temperatures higher

than those suitable for cemented carbides and is
tougher than aluminum oxide based ceramics.

Silicon nitride shows a chemical affinity for
hot steel and, therefore, is not usually recom-
mended for machining steel. The hardness and
toughness of silicon nitride based tools are out-
standing at high temperature (500 — 900°C). This
explains their successful use for cutting nickel
based alloys (super alloys).

10 pm
Fig. 3. Structure of silicon nitride based ceramics [2],
a) pressure for 90 min, b) pressure for 400 min

Table 1

Comparison of silicon nitride based,
and alumina oxide based tool materials [2]

vz 0% S, g ? =
. o P 5
Material %D:S ‘g :g:; :; é E, g E, i R
~EEE S 2 E : F3
GPa MPa W/m°K 10°°C °C
Al O3 390 2,9 270 323 82 47
Al,O; +SiC {400 6,0 675 35,2 74 155
Si3Ny 300 4.4 775 19,4 2,5 305
SisNg +SiC 335 64 995 25,2 2,9 435

R=0(1 —v)/oE at 1000°C

3. PRODUCERS OF CERAMIC TOOLS

There are many factors that influence the de-
mand for ceramics cutting tools; the general state
of economy, and in particular the market prospect
for metal goods, such us vehicles, domestic appli-
ances, production equipment, aerospace products,
etc. Some observes maintain that the application of
ceramics insert in steel and cast iron machining has
stabilized, and significant growth can only be ex-
pected in hard part — turning and heat resistant al-
loy machining. Main producers and their rake — off
at market is in Table 2.

Mech. Eng. Sci. J., 27 (1), 43-47 (2008)



Ceramic cutting tools — specification and application areas 45

Table 2
Martket for ceramics cutting tools by supplier
at 2002 [4]

Company %
Europe

CeramTec 45

Kennametal + Widia 25

NTK 10

Sandvik 8

Toshiba/Kyocera/TaeguTec/Greenleaf/Other 12

TOTAL 100
U.S.A.

Kennametal 28

Greebleaf 20

Sandvik + Valentine 19

CeramTec 13

NTK 10

Toshiba/Iscar/TaeguTec/Sumitomo/Kyocera/Other 10

TOTAL 100

3.1. Czech producer of ceramic cutting tools —
SGAC Turnov

DISAL is registered trademark of cutting ce-
ramics, produced by Saint Gobain Advanced Ce-
ramics, Ltd. Turnov, Czech Republic. The com-
pany has developed highly advanced ceramics ma-
terials showing excellent thermal shock resistance,
high rupture strength and outstanding wear resis-
tance of cutting edges at high temperatures [3].

The company produces 4 basic series of ce-
ramics cuting inserts [3]:

DISAL 100 — pure oxide ceramics (99% Al,O5)

It perform hardness and wear resistance under
high temperatures of 1200 °C. It is used for high
cutting speeds (up to 100m/min) especially in ma-
chining of grey cast iron and constructional steel in
areas where interruptions are not factors.

DISAL 210, DISAL 220 — mixed oxide ceramics
(based on Al,0;3, ZrO; and CoO)

It offers besides hardness and wear resistance
at high temperatures also higher toughness. This
type is suitable for machining of grey cast iron,
spherical as well as tempered cast iron, heat treated
steel and high speed in a light interrupted cutting.

DISAL 320 — reinforced ceramics (based on Al,O;
and TiC)

While maintaining high hardness, and tough-
ness this type is also thermal shock resistant, thus
allowing machining in partially interrupted cutting
and also coolant is acceptable. Machining of
chilled cast iron, hardened steel (up to 64 HRC),

Mauu. unnc. nayu. ciuc., 27 (1), 4347 (2008)

medium and fine milling are particularly good area
of application.

DISAL 420, 450, 460, 470 — silicon nitride ceram-
ics (based on SisN,)

It shows maximum toughness and high hard-
ness. It is suitable for interrupted cut machining,
also cooling is possible, good for machining of all
cast iron types including cast iron with crust. It is
special for mill (roughing), to achieve maximum
cutting power.

Table 3

Grade comparison chart of producers of cutting
ceramics [3]

Company DISAL DISAL DISAL 420, 450,
(material) 100, 210, 220 320 460, 470
CERAMTEC SN60, SN80 SH20F SL100 — SL500
HERTEL ACS MC2 NC1
KENNAMETAL K060 K090 KZOE)‘((;E)?)OOO,

KRUPP WIDIA  WIDALOX G WIDALOXR,H WIADIANIT

SANDVIK CC620 CC650 CC680, CC690
NGK CX3,HCl HC2, HC6 SX5, SX8
SSYNGYONG S7200 ST100—ST300 SN26 — SN800

4. MANUFACTURING CERAMICS

Manufacturing process of ceramic part (there-
fore cutting inserts for cutting tools) is very similar
to the production of sintered carbides and cermets.
The main different is, that ceramic materials do not
include material with copulative function of hard
particle. This fact is complication at manufacturing
ceramic parts and goes up in price of manufactur-
ing plants. Making microstructure and sintered of
ceramic materials we can influence by additives.
These additives make the liquid phase and enable
thickly element ordering and faster and better con-
solidation of product.

Common procedure of ceramic manufactu-
ring:

» preparation of mixture powder,

= grinding,
= blending,
= forming,

= drying,

= pre-sintering,

=  sintering,

= heat treatment,

= surface finishing.
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Base materials for ceramic manufacturing

The main materials for manufacturing cera-
mic inserts are firstly:
= oxides (Al,O;, Zr0O,),
= carbids (TiC, SiC),
= nitrides (Si3Ny, TiN).

This is chemically very stability matters with
high hardness, fortress and high heat resistance.

Table 4

Comparison of melting temperature and hardness

Material Melting temperature (°C)  Hardness (HV)
ALLO; 2050 2000
710, 2700

Si;N, 1900 1000

SiC 2200 2500

5. APPLICATION AREAS OF CERAMICS

Ceramics is efficient cutting material. The
successful application of ceramics depends a lot on
the match between the operation types, machining
conditions, workpiece material, machine tool per-
formance, generally stability, the method by which
machining is performed and the cutting edge
preparation, especially and presentation to the cut.
The main conditions to effective using of ceramics
cutting material are:

= High stiffness of system machinetool — cutting
tool — workpieces (vibration preclusion, which
increasing tool wears).

= Using of powerful machine tools with wide
range of feed and cutting speed, and possibil-
ity to set high cutting speed. Suitable is grad-
ual control of revolutions.

= Good condition of machine tool.

= Strong and reliable workpieces chunking, es-
pecially at high speeds, where high centrifugal
forces are.

= Covering of machinetool work place.

= Choice of the right design and size of cutting
inserts.

= Right selection of the cutting edge (size, an-
gles, geometry).

= QOverrunning unbelief to new cutting material
at technologist worker and machine tool staff.

Analogous to sintered carbides, support sin-
gular producers of ceramics cutting tools recom-

mend cutting conditions for their cutting inserts. At
ceramics cutting tools is very important informa-
tion cooling. At most of ceramics inserts are cool-
ing prohibited. For hard materials machining
(hardened steels, tempered irons,...) by ceramics
cutting inserts is necessary to choose low cutting
depth a,.

Producers recommend ceramics materials
only for continuous cutting at start of development
and production. Gradually development improves
mechanical properties, and now we can use this
material for cutting by interrupted machining like
milling. One of basic condition is prevention of
vibration. We can achieve it by using of milling
head with higher number of cutting edges.

Disposable ceramics cutting inserts are help-
ful especially in the large-lot production and mass
production where maximum of efficiency under
high rates in machining is required (sintered car-
bides tool are not able to withstand these condi-
tion) [3]. Table 3 shows the major applications ar-
eas for different kinds of ceramic tools.

Table 5

Main application areas for ceramic cutting tools [4]

Material Application
General turning, boring and grooving of cast iron.
AlLO;
Tube scarfing.
ALO; + Turning of grey, nodular and malleable cast iron
Zr0O, hardened to 300 HB at cutting speeds to 15 m/s.
Machining of high temperature alloys.
ALO; + SiC Roughing and semi finishing of super alloys,

steel and cast iron.
Interrupted cuts.

Turning hard cast iron and heat-tread steels

hardened to 64 HRC to a very fine surface

finish.

Small automotive gear parts to large form rolls
ALO; + TiC for steel mills.

General turning, boring and grooving of cast iron.

Turning of hard materials (under 65 HRC).

Finishing of heat resistant super alloys, cast iron

and steel.

Rough cutting of Ni — based super alloys for
aircraft turbine engines.
Rough cutting of Ni — based equipment used for

SiAIONs corrosive applications in the oil and gas industry.
Cuts requiring high feed, speed or depth
capabilities.

Rough turning and milling of cast iron under

Si,N, based severe condition up to 13 m/s.

Turning of high temperature Ni — based alloys
(steels are unsuitable).
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6. CONCLUSION

There is describes two basic types of ceramic
cutting materials at this paper, their manufacturing,
comparison between different producers and using
at machining. Ceramic cutting tools are not univer-
sal avaolable for cutting of every workpieces and
do not push away classical cutting materials like
high speed steel or sintered carbides, but have war-
rant at machining process for using at relatively
higher cutting speeds and dispense of cooling. Un-
fortunately ceramic materials represent only a few
percent of cutting tool material uswd at cutting
processes.
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Knyuynn 300poBu: Kepamuka; pe3ayky anaTi; alyMUHUYM OKCHJL; CUITMILYM HUTPUL

JleHec KepaMuKaTa € 3aeJHMYKO MME 3a IIUPOK
CIeKTap pa3iIUyuHM MaTepujanu 3a pexewme. Ilon kepamu-
Ka ce nogpasbupa anyMuHIyMOKCHR (AL,O3), KOj € MO3HAT
yLITE Off BpEMETO KOra Oujie HanpaBeHW NPBUTE ajlaTH
Boonmto. Bo coBpemeHa cmucna Ha 300pOT, KepaMuu-
KHATE pe3adky ajlaTh ce ynoTpeOeHu 3a NpB IaT Ha Move-
TOKOT Ha XX BeK, 3a€[JHO cO OP30pe3auKUOT YEIIHK.

KepMukara nperpnena 3HauUTENlEeH pa3Boj U fe-
HEIIHUTE KEPAMUYKH IJIOYKM HE MOXKAT BOOIITO Jia Ce
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cropefyBaat co npBoOouTHuTE Mm1o4ku. Mcro Taka ce npo-
MEHWIE W MallMHWUTE W METOJHUTE Ha IPUMEHa, CO Le Jia
ce m3BpIIHX NMOAOOpO MpucrmocoOyBamke Ha MOKHOCTA 3a
BHCOKa NMPOAYKTUBHOCT KOja ja HyaM Kepamukara. Ho, 3a
Kall, OBOj KBaJIMTETEH MaTepHjal c¢ yIITe NpecTaByBa
caMO Majl IPOLEHT Off MaTepHjaJioT KOj ce KOPHCTU 3a
pexeme [1].



