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ABSTRACT

The user training of a flexible manufacturing systs a service product
delivered by Fastems Industrial services businags Typically it is a part
of years lasting implementation project of a nestsgn. The training
affects several interest groups such as the custqmgect management,
and sales and marketing. Training has as wellriflgence on the know-
how of the operating personnel and thereby on tbdyztivity of a new
system. This thesis work is done after a requeBasfems GmbH, and it
intends to develop a training program based oteealy research of
training and education. The development work hadtiases of analysing
the starting situation, setting the objectivescdesg the contents of the
training and training methods, and describing gguired arrangements,
resources and preparations. The result of developmerk is a FMS Start
up Training program which is focused for custonimrging a new
manufacturing system. A parallel development methasd productization.
Aim of productization is to develop a service proidvaluable to the
customer and cost effective to the producer. Wighoductization the sales
and delivery process was analyzed, and suggestasisiplify these
processes were made. This phase included as watladyze of after sales
possibilities.
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1 INTRODUCTION

Fastems is a rapidly growing international factamyomation supplier.
During the last ten years, Middle Europe has beconeeof its most
important market areas, FMS being its most impamaoduct in this area.
The mission of Fastems is to make it possibleHferdustomer to get the
most out of the 8760 available yearly productionnsoTo fulfil this target
on the field of FMS, Fastems has to make surethieatustomer can use the
system effectively and that any operation downtisn@inimized.

Therefore Fastems is putting special effort in dgwag its Industrial
Services business line. As a result of this develaqt, services has become

one of the core businesses.

FMS operator training is one of the service prosludtered by Industrial
Services. The aim of this final thesis is to createistomer orientated
training concept by planning a training prograngleating the needs and
possibilities for company internal trainers’ traigj and describing the
concept to ensure properly focused sales and niagké&the training
program is planned for operator training of FastéhS with MMS4
control software, and is easily applicable for otfexible manufacturing
solutions with the same software (FPC). The fleximlanufacturing

solutions and MMS4 are introduced in the chapter 2.

The planning of the training program is based &teeary research of
training and education. The purpose of the studly fs1d out teaching
methods which are suitable to achieve the aimduf Bperator training.
These methods are applied within the planning. ffdaing program is
planned on a module basis to make it applicabtéfterent customers

investing in different kinds of FM systems.
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The evaluations about trainers’ training are madintd out ways to ensure
that the trainers have sufficient training skillglaechnical know-how to
give customer oriented operator training of highlgy. One mission of
sales and marketing is to find out and offer thestnsoiitable solution for
individual needs of each customer. Thereforerieisessary for these
departments to have proper information about tlagae training
programs, and what they are planned for. Somettsagjelevelopment
regarding the sales, marketing and delivery prasesagre found out during
the project. These are introduced as well in thessand marketing chapter.
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2 APPROACH

2.1 History of Fastems

The history of Fastems has two branches: Helvacd&roup and Valmet
Factory Automation. They were merged in 1995 addbwry automation
business was bought off from Valmet by Mercantile1999 Fastems was
incorporated from Helvar Merca Group, and nameBaastems Oy Ab.

Mercantile was founded in 1901, and its Machinenyidion began
importing machine tools in 1920. Helvar was baseti921 as an import
and export company, and it became an affiliate efddntile in 1948. The
company expanded to a group over the years, amasitenamed as Helvar
Merca Group in 1996.

The Finnish machine technology enterprise Valmefirwates to state
weapon factories. They were reformed to state meteks (Valtion
Metallitehtaat) in 1946 to work for war indemnitiesSoviet Union. The
factories were incorporated and renamed as Valmjeh @951. Some
products made by Valmet over the years are egotsmand forestry
machines, locomotives, train and underground aqgsatrams, passenger
cars, aeroplanes, military and hunting weaponsgipagachines, lifts, sauna
stoves, and thermometers. The first Valmet mactdokwas manufactured
in 1958, and the first FMS was delivered in 1982.

The factory automation business started its ragermnational growth in
1991 as the first foreign sales office was opene@dppingen in Germany
by Valmet Factory Automation. Nowadays the Fastsahss and service
networks cover North, West, Middle and South Eurdythuania, and
USA. During the last ten years the number of FMSaltations has grown
from 120 to over 400, the number of personnel ftess than 200 to 340,
and the invoice from about 40 M€ to 91 M€. /4; 20/
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2.2 Today’s organization, core businesses and indus trial
services

Fastems Group consists of the parent company sséven local affiliates
in Europe and in the USA as illustrated in the rf@.

Fastems Group

Finland Germany Italy UK Sweden Lithuania USA
Fastems Oy Ab Fastems GmbH Fastems S.r.l. Fastems Ltd Fastems AB Fastems UAB Fastems LLC

I
France
Branch office of
Fastems GmbH

Figure 1: Fastems Group organization /24/.

The core businesses of Fastems Group are proggotdycts, and services.
The business unit in charge of services is caleldistrial Services.
Industrial Services is further divided in six depagnts. The figure 2

illustrates this division.

Director/Johtaja

Developement of Full Care Group, Finland Life Time Care Group Machinery & Spindle Sparepart Services Services Scandinavia
processes & personnel Services for own made products workshop Group

Figure 2: Organization of Industrial Services basmunit /24/.

The two main departments are Full Care Group afedTlime Care Group.
The Full Care concept is intended for Finnish mbgkea. Its idea is to
provide service not only for the products made astéms, but also e.g. for
the machine tools imported and represented by FasfEhe Life Time
Care Group operates mainly in European marketsigingyservices only

for Fastems made products. The service supplyatditavian market area
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differs from the two main concepts, and is therefiorther differentiated as
its own department. Development of processes arsbpeel, Machinery
and Spindle workshop, and Sparepart Services Gaoripupporting
departments.

The service palette offered by Full Care Group laifetime Care Group
includes

contract services

0 spare parts

0 preventive maintenance

on call services
0 machine repair

o fault service

engineering services
o control retrofits
0 spindle repair

o0 mechanical retrofits

expert services
o0 Teleservice
o training

o installation services

start-up services.

FMS operator training is a service product offdogd.ifetime Care Group.
The figure 3 shows the responsibility areas andagement of the Lifetime
Care Group. /25; 26/
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Area manager
USA, Canada

System Install

Cc

issioning & Training

Area manager
Finland

Area manager

France, Italy

Figure 3: Lifetime Care Group /24/.

2.3 Product groups and market fields

Teleservice
FMS Support

Service manager

UK

Area manager
Central Europe

The product groups represented by Fastems areyaattomation, plastic

industry products, robotics, and machine toolsaundliary devices.

Machine tools and auxiliary devices business igatpé only at the Finnish

market. /26/

2.4 Factory automation

The application fields of Fastems factory automatice automotive

industry; vehicle, construction machine and maclinéding industries;

aerospace industry; and subcontractors and prdalttciries. Fastems offers

various solutions for flexible manufacturing froobot automated loading
to full size FMS. The next introduced systems MEBM, and FPC are

based on FMS having a stacker crane automated aselior machine

and material pallets. The use and control of tsgseems are done by a

master PC with soft PLC and Windows based softwdosvever, they may

not fill all the FMS requirements; they may, foraexple have only one

machine tool installed /2/.

MLS — Multi Level System

The oldest concept, project delivered Fastemskflexnanufacturing

system is called Multi Level System. A MLS is higltustomizable, and

consists at least of one or more loading statiowlscae or more machine
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tools. Other devices or options attached to a MiuShe material stations,
robotic applications like material handling or daimg, hydraulic
clamping, washing stations and tool presetting.

FPM — Flexible Pallet Magazine

FPM is a standard solution for flexible manufactgriThe main difference
from MLS is that FPM has fewer options availablee benefits compared
to a MLS are quick installation and start up, aast @ffectiveness via

product manufacture and delivery. A FPM has 1-dlilog stations, and 1-

10 machine tools.

FPC — Flexible Pallet Container

FPC is a small sized solution for flexible manuteictg, and is pre-installed
in a container. It is sold via partners as an Qitbtluct. The main idea of
FPC is to offer an easily transportable and quiekhctable product as an
alternative to pallet pools. A FPC system congi§tsne or two containers.
The system has one or two loading stations, andbotwo machine tools.

Robot applications

The smallest solution for automated material logdsnRobotized
Production Cell, RPC. A RPC can serve one macloiok &nd does the
loading from a material trolley by a robot instedcd pallet warehouse and
a stacker crane. Apart from a single machine ®@&PC can serve a FMS
as well. With this solution, the machine pallets lmaded by a robot.

Other robot applications are robotized deburringnt@al Tool Storage -
CTS, and customized cells. A CTS is a solution,civlexchanges cutting

tools between tool magazines of machine tools aodlstorage
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automatically using a robot. This is suitable fét3with short cutting tool

life times, typical for example within aerospacdustry. /26/

2.5 MMS - Manufacturing Management System

The control software of MLS and FPC is called MMS.actual version is
MMS4. At the same time, development of new corgoftware called
Manta is going on. This will be introduced at tharich of a new FPM.
MMS handles and supervises the system status antidns. The
interfaces between MMS and the system are soft BL&arious sensors,
switches, buttons, lights and some machine todlrobfunctions, and
Ethernet connection for NC program and tool daadfer. MMS also uses
databases to save information such as pallet totatind article data.

The users can operate the system components via 8iid& manually or

automatically. Also all the data that is neededaiaiomated manufacturing

is entered on MMS. This information consists of

- NC programs

- item information for manufactures items, manufaciyphases and raw
material

- item information for items in the storage

- manufacturing routes of machine palettes

- fixture information

- material handling information

- production orders.

The full automated using mode of the system isedaflutopilot. The

Autopilot can be activated for each loading statiod it handles production

orders automatically based on priority calculatidfhen a loading station is

operated by Autopilot, the task of the operatdaoislamp, re-clamp or

unclamp the work pieces on the machine pallets.Attepilot will decide

which work pieces are clamped based on the infaomafiven by the

operators or other users. As soon as the work peeeclamped to a pallet,
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the pallet can be sent to the manufacturing rolthte. manufacturing route
defines the manufacturing operations of each magbaette. Based on the
item information, the Autopilot or the operator Mdkcide which
manufacturing operations have to be activated toufaeture the items that
are ordered.

The MMS software can be delivered with two diffeérkearnel software
modules: MMS Express or MMS Enterprise. MMS Entesgrcan be
equipped with more optional packages such as atiostarage for
material palettes, capacity simulation, PPS interfanachine data logging,
washing machines, and various robotic applicatitdS Express, by
contrast is designed to need minimal amount of igiat and supervisory
operation for systems with less optional functiand simple material
handling structure. Both of the kernel packageshsadelivered with or
without NC Program library and tool checking. Toion is a DNC
interface which enables saving NC programs on thsten PC, and thereby
makes it possible to use a lot bigger number ofgXigrams compared to a
solution whereby the programs are saved to a ldmtemory of a machine
tool. The available MMS options are

- MMS2000 Automatic Storage

-  MMS3100 Capacity Simulation

-  MMS4100 NC Program Library and Tool Checking

- MMS4200 Tool Data Management

- MMS5000 Machine Data Logging

-  MMS5100 Remote Alarm. /28/



Antti Kortelainen FINAL THESIS 15 (44)

3 DEVELOPMENT METHODS

3.1 Productization

Productization of a specialist service can be @elfias processing the
know-how to a saleable, marketable and deliversdaeice product. As a
result of productization the service providing spksts should have clear
guide lines of what they are doing, as well asstiles personnel should
have clear definitions of what they are sellingisTib not possible if the
service will be fully tailored each time for eaalstomer. Therefore the first
and the most important task when planning a septioduct, is to define
who the customers are, and what they need. If panfg this task is failed,
or any other objective is seen as more importaatgtis a risk to provide a
useless service. /1/

3.1.1 Objectives

The objectives of a productization process ar@at¢ceiase the profit of the
provider and to improve the quality of the serviReducing the production
costs and improving quality is possible by follogia planned programme.
Having a ready made programme and clear instrusfmneach part
producer saves time compared to a service whichohlas planned and
described every time individually. As each onehef part producers have
their role and tasks clarified, they will be albeaim their expertise to their
specified task which is put to achieve the origmiajective: fulfil the
customer’s need. As well as clarifying the rolehe producer,
productization aims at bringing benefits to theteoser. Some of these
benefits are description of the meaning of theiserclarifying the
contents of the delivery, and a quicker responsatmvitation to submit
tenders or a published price list. /1/
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3.1.2 Principles

Defining the customer group

Defining the customer group is an action to preweatsituation where the
service should have to suit all, and would theretoe too general to be
specified clearly enough. Of course, before defriime customer group the
business idea already exists. It is not importamtefine the customer group
before defining what kind of needs the service &heatisfy. Even the
solution might exist before the problem is clealdfined. If the action to
define the customer group is done at a later pbede productization
process, it should be re-checked to make surdghbathosen customers
really need the service which is being developedolstion can not be

offered without knowing what is needed. /1/

Finding out the needs

This phase should produce an answer to the questlmt is the

customers’ problem? Concrete products at privatékenare often bought
because of irrational reasons; meanwhile with ssirio business services
the buying motives are very rational. Servicestangght for example
because the customer doesn’t have the knowledgmeto perform the
task or a specialized provider is able to perfdmmntask more cost
effectively. By finding out what the customer negitiss possible to

develop a service which is valuable to the custofér

Setting the objectives

This phase will set and prioritize the conditioasthe service to be
developed. As the customers’ needs are once detinedext phase is to
decide which needs have to be satisfied. Strigtdtmon will probably
dramatically narrow down the amount of possible@oners. However, this
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is often gainful if it makes it possible to creatproduct which has fewer
competitors or no competitors at all. Specializimgertain objectives helps
to fulfil the chosen objectives better than develgp service which should
somehow suit everyone. This phase will assuretheatesult of the
development process will respond to customers’ sieElde wideness and
the costs of the development process, as welleashairacteristics of the
final product should be appreciable after settheydbjectives. As well as
setting the objectives, it should be estimated iy are realistic; if there
is a conflict between the objectives, the only gmly might be to give up
on the one which has the lower priority. /1/

Creating the concept

In this case concept means the actions which shmutdken to reach the
objectives. In addition to defining the actiondmtaken, it has to be
defined who does what and at which time. This pleget disconnected
from setting the objectives. It has to be re-chddkat the concept really
fulfils the objectives, and if it does not, eithbe concept or the objectives
have to be changed. It will typically take sevemlnds of re-checking and
re-adjusting to find out a reasonable concept. /1/

Dividing into modules

A fully tailored service would be a project instezbeing a product. Very
often different customers have different kinds eéds. Modulating is a
solution for customized serial production. This Inogt is already for years
well-known for example from car industry: typicatlyousands of variations
of one car model can be built by choosing diffetentls of engine and
accessory combinations. A service product can disbe@roduced this

way to achieve cost effective customizing. /1/
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Sharing out the knowledge

As the concept is finally prepared, checked anesied, it has to be
documented. This means writing clear guidelinethéopersonnel, so that
each one knows his role and tasks. This is dosaue the time of the
specialists by preventing them from doing variond & the worst case
overlapping additional tasks. Therefore the persebwill be able to
concentrate on their core know-how better. Somés tioo sharing out the
knowledge are for example manuals, work instrusti@heck lists,
document templates, diagrams, process descript@maistraining occasions.
One example of concept regulation is a franchiswagual: a whole
business concept can be defined and shared oaheial/

Internal marketing

As rapid changes are more and more common in mdulesiness, the
organizations have to be capable of changing qui&well. This
requirement has brought the new term of internaketang into the field of
business communication. It means a strategic wa&pwmimunication that
helps the members of the organization to accept & tasks and to
motivate them in reaching the goals defined indihginess strategy.

Internal marketing should support external markgesia that each one of the
employees has sufficient knowledge about theirstcdf@irther internal
marketing should increase the market orientatioth@fvhole work

community. /22/

3.2 Training

Training or teaching can be seen as a tool tofgatisertain need of
learning. Often the need of learning appears asaeguence of a change.
This basis should not be forgotten, because ti@rgpitself should not be

seen more important as learning. Planning reasenedhing occasions is
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necessary in supporting the learning of the trane®wever, there is no
theory saying what kind of training method is atljuthe best one; after all
each training method and each training occasian igpplication of

theories, experiences and believes. /7; 8; 12/

3.2.1 Terms and topics regarding training and educa  tion

Education

The science education has many definitions. Thieeeadefinitions are
saying that education examines educating and tegcvhile the latest
ones are giving more importance to the question homvan learns. The

modern definitions are more objective. /6; 10/

Pedagogy

The term pedagogy refers to the principles andhaus of instruction, the
profession of a teacher, or the activities of etingainstructing or teaching.
The words teaching method, teaching, instructidocation and educational
activity can be seen as synonyms of pedagogy &me researchers are
having the opinion that the word pedagogy refeosnoich to teaching only
children. This is because of the Greek origin waaitlagogos, which

literally means “to lead to the child”. /6; 13/

Andragogy, adult education

Andragogy concerns learning and teaching of adatisentuating the
special characteristics of the learning procesdatts in comparison to the
learning process of children. These kind of spethalacteristics are self-
concept and motivation to learn, experience, ressdirto learn, and
orientation to learning. The learning process aflachas its
characteristical limitations, such as deep-seapvedeptions as well. /6; 14/
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Didactics

Didactics is a field of education researching leagrand teaching, and
educational psychology. Didactics can also be ssempractical application
of the theory of learning and teaching. Didactias be divided in
descriptive and normative didactics. Descriptivéagdtics aims at describing
reality as it is, while normative didactics aimsatmmitting the

applicability of teaching methods. The normativéaditics aims also at
taking the whole learning process into accountamping of teaching. /6;
15/

Teaching

Teaching is a method of education, which aimsatiaeg. Learning can
however happen or not happen with or without teaghl herefore teaching
can be described as guiding of learning. Successdiching requires good
knowledge of the topic to be taught as well as Kedge of meaningful
teaching methods considering the target grouplkg.words training and
tutoring can be seen as synonyms of teaching /23/.

Learning

The traditional assumptions of learning are acaiig receiving and
remembering information, or repeating tasks colygathile the modern
assumptions are bringing out understanding, chahg#itude and
behaviour, and development of personality. Learminglves all the
behaviour except operations based on reflexesstinats. /3; 6/
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3.2.2 Applicable theories and methods of learninga  nd teaching

Behaviorism

Behaviorism was the dominative learning theory fitble 1920’s to the
1960’s. According to behaviorism, desirable behawvan be contributed
by rewarding, and undesirable behaviour can begoted by punishing.
Behaviorism concerns only the noticeable chang®ebéviour — it ignores
understanding, and development of values and @estu/7/

Cognitivism

The cognitive learning theory started gaining gbumthe 1960's.
Cognitivism is more a way of thinking than a sintileory. However,
cognitivists are focusing on information processmguman thinking and
remembering. As a result of cognitivism, pedagatgeted to focus more
on learning instead of teaching. The modern legrtheories (e.g.
constructivism) and instruction methods (e.g. tapand mentoring) are

based on cognitivism.

According to cognitivism, schemata are controllihg information
receiving processes. The received information malimeaningful or
meaningless, depending on how it is attached omtisting information
after the schemata. In other words, the persohainsata define what kind
of information is useful and thereby interestingtoindividual. Schema
could be described as sort of a preconception wipts adapted all the

time by new perceptions and experiences.

Another concept related to cognitivism is oriemgatbasis. The learner
illustrates the topic and its inner relations byame of orientation basis. For
example, orientation basis could be a table ofemdst introduction, an

example given by the teacher, or a mind map.
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The concept of learning process was introducededisas a result of
cognitive thinking. Learning process means thatieg is not only
remembering, but happens through various stepsware fulfilling each
others. Most often, learning is seen as a cychcess, whereby the steps
are being repeated over and over again compldtmdeairner’s knowledge
and understanding. The concepts schema and legrrocgss are
overlapping. /7; 16/

Constructivism

Constructivism points out learning as adaptindjliumg and rebuilding of
the learner’s earlier information, understandingpeziences, problem-
solving methods and schemata. Further, accordiegnstructivism it is
important that the learner himself tests and evakithe re-built

constructions.

The constructive way of thinking is based on tlguarent, that people
cannot just transfer information, but it has tadiseussed. If the learner
understands (as a result of adapting new and eari@mation and self-
evaluating) why certain topic is important to barteed and remembered the
learning will be more effective. In the end thel @etivities will bring out

the result of learning.

The role of a teacher in constructivism is guiditigg teacher should place
the learning objectives and lead the learnersaoepteasonable questions
for self-evaluation. /3; 7/

Experiential education

The term is often mistakenly used interchangealully experiential
learning. It is noticeable, that the German anchisimequivalents of
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experiential education (Erfahrungsbasiertes LerKekemuksellinen

oppiminen) would literally mean experiential leagi

The idea of experiential education is that theneagets towards theoretical
understanding and better operations models byctefte his experiences
and activities. A big difference with traditionadgnitivism is pointing out
the importance of practical applying. Accordingstome criticisms, only
doing and practical applying is not enough to eviekening. Therefore the
philosophy of experiential education is hamed éveive constructivism”.

Reflection is an important concept related to elgmtial education.
Reflection means rational and affective activitheneby the learner goes
over one’s knowledge and experiences to attairbatiderstanding. One
way to do reflection is interaction; the learnahigking processes and
believes will be known via interaction, and canréiey be evaluated and
guestioned. Reflection can be done for examplesbiyevaluating, group
discussion or feedback. /7; 17/

Cooperative learning

Cooperative learning is a teaching method basadam work. Within it,

the group is divided to small teams which can bg wheterogenic. The

teams are given learning tasks to be solved witloua learning methods,

and the whole team is responsible of individuatrie® of each team

member. The team division can be temporarily rdt-bmiform expert teams

to solve single learning tasks. The cooperativeniag aims at

- collective discussion and self-evaluating in teams

- taking advantage of dissimilarity and interdepemgesf the group
members

- development of interaction and group work skills

- emphasizing individual responsibility. /7; 18/
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Critical incident technique, CIT

The CIT can mainly be used as a method of collgatsearch material and
as a learning method. The present form of CIT wasgnted by John C.
Flanagan as part of the US Air Force Aviation Psyatyy Program during
the World War Il. Flanagan’s studies aimed at ddfgiating effective and
ineffective work behaviours. Later on Flanagan ubsedmethod for
researching typical aspects of activities in vagipwofession fields, in

industry among others.

The critical incidents are experiences and sitaatiwhich are noticeable
from the learner’s point of view. Analyzing thesgeriences is essential to
turn them to useful learning experiences. Thisyamsls called reflection as

well as within experiential education.

CIT aims at recognizing the assumptions on whiehléarner's way of
thinking is based, and thereby developing the wakiaking towards
critical reflection. Critical reflection consist$ o

- recognizing the assumptions

- collating the relation of the assumptions and exgleriences

- reforming the assumptions to make them extensidesahd. /7; 19/
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4 FASTEMS FMS OPERATOR TRAINING

4.1 Background and development of Fastems FMS opera  tor
training

The development of existing operator training stih 1998 as the first
version of MMS control software was introduced. ashthe changes
MMS brought were the use soft PLC which is integdah a PC, instead of
using a separate hardware PLC, and new programimaig} Since almost
all the operation functions of Fastems FMS are dwmneg the MMS, the
training is focused on it as well. Until the ye®02 the tasks of the
programmer have included programming, acquisitimh@mmissioning of
the master PC, commissioning of the FM system,ogredtator training at
the customer site. The latest version of the MMBIMS4. Because it is a
standard software package without any customeifgppoogramming, the
programmer is not needed at the customer sitee&005 the
commissioning team has been separated from theaefteam, and the
commissioning and training at the customer sitéobgl commissioning

engineers has been possible. /27; 28/

4.2 Present conditions and resources

4.2.1 Available training variations

Fastems offers FMS operator training within thetsip at the end
customer’s site, and advance training in FMS TrgjrCenter in Finland.
The training at the end customer’s site is donbtradter the
commissioning. The training in Training Center dvance training before
the commissioning to speed up the start up prottessnoticeable that
most of the customers rule out the option to adedraining. One more
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available variation is on-site support. On-sitepsup is held after the actual
training session, and it provides assistance duhagystem start-up and
support in special situations. Fastems is offetigcustomers three
variations to choose from, but the majority of tustomers find only the
on-site training at start up useful. /26; 27; 29/

The training is done as a part of the deliverygrgjand each project has a
project manager. Some tasks of the project marexrgeio agree about the
timing of the project with the customer, and tordgfthe project costs.
Therefore the project manager is also the conerstom regarding the
training. As the timing of the training is agreedhithe customer, the
project manager should still agree with the teaade of training and

commissioning team about booking of the trainer.

4.2.2 Available human resources

Life time care group has a commissioning and tngiream whose
operation area covers the biggest market areagriopé. The team has
seven employees in Finland and three in Germanytasigrepared to give
training in Finnish, German and English. The coestwhere the
commissioning and training team is available faming in local language
are Finland, Germany, Austria and Switzerland (Garspeaking area).
Other countries, where the team is available te gi&ining in English or
German are Belgium, the Netherlands and countriesevno active sales
business is done. In these countries there ar@d38f total 709 FMS
installations. After existent FMS installations #t@mmissioning and
training team is capable of giving training in 4&¥the market area. The
commissioning and training in North America, Itafyance, in the UK, and
in Scandinavian countries excluding Finland areedoylocal service team
members that are taking care of other service tdsksnaintenance and
repair as well. /24; 30; 31/
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4.3 Conclusions about present conditions

The operator training has been seen essentidlhas been given as long as
FMS have been produced. Earlier the size of thepemmy has been
dramatically smaller, and it has been possibletti@programmer of the
control has done the training. The MMS prograniéinterface between
the system and the operator, and therefore unaeistathe functional
philosophy of the program has been seen as an fengoesult of the

training.

As the company started the rapid grow phase, dpgo@into tasks has
become possible by dint of more personnel. At #raestime the sales and
service operations have been internationalizedirgawcal employees has
many advantages such as language skills and uaddnsty cultural factors.
Decentralized service operations of course briralehges such as
distributing knowledge inside the company, and waé¢gesources and
various ways of action at various market areass Esubstantially making
it more difficult to standardize the operator tram

Currently the number of training personnel is e&y small, but more
trainers are needed increasingly. Many of the afitrainers have years of
experience, and they have developed their perscamaing methods. The
training is done more as case-specific consulta®hy following a
program. The content of the training has been &adgcide according to
characteristics of the delivered system. Howe\adting aims for each
project has not been done, and the responsibiligeciding the duration of
the training has been left to the customers. Adtldaose customers, who do
not have earlier experience of FMS, can not knovclwvlevel of
knowledge should be reached to meet their demamtis@v much training
is actually needed.
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The process to agree about the practical arrangsmegarding the training
is complicated. There are two steps between themmes and the trainer:
the project manager and the team leader of the ¢esmoming and training
team. Both, the project manager and team leadeatgpffom Finland as
the trainer usually operates from a local affilingar by the customer. This
means that the information from trainer to the coer and vice versa
might be translated various times as it could bemgdirectly. If the contact
would be direct, it would be possible to changetariore information with
minimal amount of work. On the other hand this wdomean that Industrial

Services would defray the training costs insteathefproject manager.
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5 RATIONALIZING

5.1 Customer orientation

To attain its mission, Fastems has to be able lpthe customer to get the
most out of the available yearly spindle hours. @maortant factor is to
supply a proper system for automated manufactukiogvever, the
possibilities to support the customer in additiorsystem delivery are a lot
wider. Veli Matti Kuisma introduces in his recentijfished doctoral thesis
an approach, whereby FMS is described as a sodmitzal system.
According to socio-technical way of thinking thésean interaction
between the technical system and a social systemnvestments in
technology have their influence on the organisatagtimizing technology
and optimizing organization can not be separatawoh ach other, and the
changes in operational environment require seddalion of the
organization. According to Kuisma /2/, it can bers¢hat a FMS is
comprised of a technical system consisting of nmtenformation and tool
handling. The role of a user thereby is to mainteircontrol and to develop
the function of the system.

The social organization related to using of a FEI®rmed by the operators
and other personnel who influence the use of th& kiMirectly. This
group normally consists of various employees ofciligtomer, and is in its

entirety responsible for the use the FMS. /2/

A FMS is a system where not only the operatorsrdi@encing the result,
but also e.g. work planning and NC program strichave remarkable
roles in the process. To achieve the wanted rdbkeltpeople in charge of
these planning tasks have to be conscious of hewwork will affect the
function of the system. In the end using the systathsuch things as work

planning are at customers’ responsibility. Howewasra designer,
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manufacturer and supplier, Fastems has the besgtlédge about the
effective use of its systems. To support the custsrm the best possible
way, Fastems should be capable of distributingittiea mation in each
individual project. At the same time, Fastems neefismation about the
customer’s production process to provide relevaformation about the
system functions. This information can be providéthe training, but as
preparation Fastems should let the customer knoat will be needed

when the training begins.

5.2 Developing the training

5.2.1 FMS start up training

Starting situation

The training concept FMS start up training is laggtlicable to situations
when a customer has a new FMS with personnel whe haver used FMS
before. In that case the training will be a parastart-up, whereupon all
the data required by automatic usage will be edter¢he system. The
training concept is well applicable to situationsahich the customer has
an existing FMS with new operators. In that casad to be checked if
training of other user groups is reasonable. Deffeiparts of the training
concept can as such be applied to other situatéogsthe situations where
a customer has an extension to an existing FMghisrcase it has to be
separately agreed what is included in training.

Training contract

In the most of the cases, the training is a path@fMS delivery, and
training contract is included in the sales contrbcbther cases, a separate

training contract has to be signed. Only the daratif the training is
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mentioned in the sales contract. Therefore theotisastomer’s resources
has to be separately agreed. The customer showelble informed, to
which employees the training is related.

Trainees

The training is mainly focused on training the Fbj&rators, who are often
machinists with years of experience. In additiothiat a FMS system
affects the work of various employees in a mackines company
because it handles NC programs and material infoomaFMS includes at

least one PC as well, and it is a part of the datavork of the customer.

The trainees are divided into four user groups Wwhie

- FMS operators: the people whose main task is toat@éhe system
FMS operators are mostly machinists

- Production planners: the people who are in chafgeaterial flow and
item information regarding to FMS

- NC programmers: the people who write NC programgkware used in
FMS

- IT personnel: the people who are in charge of tta detwork, holding
the installation media, computer user accounts tla@geople who have

computer administration rights.

One of the operators will be named as main uséhdéygustomer. The main
user will participate in the whole training. Thdeof the main user is to
plan how the system will be operated, and to betimtact person between

the different user groups.

The largest recommended group size is four FMSatpes and in addition
the other personnel. Who takes part of the traiingowever, to be

decided by the customer.
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Facilities

A serviceable FMS is needed to realize the trainingddition to
customer’s works there is a system available irf¥& Training Center
located in Tampere, Finland. However, usually thet@mers require that
the training will be given with their system astpafrthe start up. The
training at the customer’s works has the advantdgeshe customer’s
employees do not need to travel, and the trainiigoer given with the
actual production resources. Many of the custormave a conference room
available. If a conference room is used, the alditg has to be checked in

advance.

Duration

Duration at the training will be agreed with thesmmer and confirmed by
the training contract (or sales contract). Thentraj will be completed
during one week if possible. Because the normakimgrtime of a trainer

in one week is five times eight hours, and tramgliiime has to be counted
in, the time to be used for training is usuallyited to four days.

Continuing the training with one or two days in tiext week should be
avoided, because then the trainer is not avaiklskwhere during the same
week. The duration of the training has to be takémaccount at planning

the training objectives and contents.

Setting the objectives

The main objectives of the training are that aftertraining

- the personnel of the customer is able to use thiesysafely

- each employer who deals with the FMS has suffidigormation about
his or her tasks regarding to FMS to set up theatjp® with the system
and to use the system under typical operation tondi
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The task-specific learning objectives for each ggeup are presented in
the appendix 1.

Content

The training content is made up of eight modulesiEmodule has its
learning objectives and topics, and is directethése user groups that have
learning objectives regarding to it. The trainimpntents are described in the
appendices 2 and 3. There are 2 versions of thenggporogram: a 3 days
version for systems without MMS options, and a ysdarsion for systems
with one or more of following MMS options: 2000, 4100, 5000 or
5100.

Arrangements and resources

The training will be done by one trainer. Trainmiga larger group at the
same time with more trainers is not usually possii@cause of only one
available FMS. The resources to be used withirtrdieing are a FMS and
the resources that are needed to use it, user inairihe FMS, final test for
the operators, the trainer’s laptop with MMS Derotiware, and a
conference room with a data projector if such aarsgement is agreed with

the customer.

The resources which are needed to use the syseeto be provided by the
customer. These resources are

machine tool

- palettes

- fixtures

- raw material
- NC programs
- cutting tools

- item information.
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According to concrete experience, missing resouscdse most common
cause of delays, and in the worst cases the aujadf the system is so
badly decreased that the training cannot be heldeadppointed time. Often
the customers who do not arrange the productiayuress to the training
occasion are putting the system slowly into operati herefore special
effort should be put to inform the customer abbatitnportance of these
resources. Fastems should as well clarify the respiities in case of

missing resources.

Training methods

The primary training method for operator trainisglemonstration and
practising with a FMS. Everything that is taughtl we exercised instantly.
Additionally, the training program includes repietit and practical
exercises. The knowledge of the operators willds¢etd by a final test. The
final test is presented in the appendix 5.

The other user groups will be informed how the Falfgcts their work.

The trainers will also give advice how to use ty&tesm in an effective way.

Preparations

The preparative tasks are to agree with the custapan the time when the
training will be given, which employees are goingparticipate, who is the
main user, and that the needed resources arelaeaWacontact person is
needed to carry out the preparations. Possibleacbpersons could be
project manager, commissioning and training teaadde, local area

manager or the trainer.
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5.2.2 Trainers’ training

Requirements of the FMS operator training

As described in the chapter 3.2, the topic trainog-hes various fields of
science. The modern learning theories are poirtutghe importance of
understanding, as the traditional assumptions @neantrated on
remembering and repeating tasks. According to Kaig2h most of the
FMS users find their job challenging and offerirgportunities to learn new
things. The productivity of a FMS depends very manlwork planning —
many production phases, such as re-clamping or nnetawork shift can
be organized in various ways, each having theinathges and
disadvantages. FMS is an effective system with Hegree of automation,
but requires a high level of knowledge as well. Maishe FMS delivery
projects of Fastems are realized with new customéh®ut earlier FMS
experience. Therefore the expectations of becofM§ operators can be
anything — as well enthusiasm as fear.

The Start up Training aims at advising the custonesy to put the system
into operation, and how to operate it. The mostartgmt topic of the
training is putting data into the system. It will Bdvised at the training
which data the system needs and how it handlegitea data. The
responsibility of settings goals for productivitycaplanning the production
in an effective way is finally the task of the cusier. One important aim of
the training is therefore to motivate the custotodind a suitable
production model. Optimizing production howeveruiegs years of
experience of FMS: the productivity of a FMS reaclis top in average
about ten years after the start up /2/. Start aipitrg is often the first
experience of FMS for the becoming team, and thesipdities of the user

team to develop the production during the next ye@pend on the training.
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The trainer should be capable of finding out tragnmethods that are
encouraging the customer’s team not only to perfirerequired actions to
use the system, but to find out ways to developtbductivity, and to
optimize the use of the system. Organizing a tngimiccasion whereby an
ongoing learning and development process will beedt is an important
skill of a FMS operator trainer.

Possibilities to train the trainers

The manufacturing systems delivered by Fastemasveell designed and
manufactured by Fastems. The functionality of tHd3/control system is
designed by the software team. Use of the funct®esplained in user
manuals, but the range of possible applicationgig wide, and not
documented. Therefore the trainers have to hawryagood knowledge of
the system functions and understanding to applyuhetions in an optimal

way for various production models.

At the moment Fastems does not have any trainiagram to train the
trainers, and the knowledge of the trainers istested either. The local
affiliates have only few trainers, and the onlytéass FMS for training
purposes is the FMS Training Center in Tamperdntakd. The big
advantage with the FMS Training Center is its lazatn the same facilities
where the product design teams work, and whereettfenical knowledge is
at easiest available. A training program to devefeptechnical knowledge
of the trainers is possible to organize with thiesdities. However, at first
it should be defined what level of knowledge isuatly required from the

trainers.

Even though Fastems has good resources to devedpdhnical expertise
of the trainers, the potential to upgrade the skiflteaching, motivating
and planning training events are missing. To tedtta evaluate the training
skills of an individual trainer is also a task whigoes not meet the field of
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know-how of a factory automation supplier companyerefore using an

outside consultant could be a worthwhile investment

5.3 Marketing and sales

One of the important interest groups of traininghis sales organization.

The most of the training packages will be sold par of a FMS delivery.

In these cases the training is included in thessedatract of the whole

system, and it will be realized as a part of thevdey project.

After the training is once sold, it shall be detie@ by Industrial services

organization. The most important factors in thesaituation are the price

and the costs of the training. The costs are depgmh the duration of the

training and other actions needed to organizertieing. To determine the

costs and the price, the sales organization shHmikthpable to know at least

the duration of the training. The task of the salegmnization is to calculate

the price through costs, but the organization resjte of the costs is

finally Factory (project management). The rolemdustrial services is to

deliver the training as it is sold, and as it ise&gl by project management.

Figure 5.1 illustrates the role differentiationppésent delivery model.

Sales

Pricing

Offering

Customer

Accepting
offer

Project manager

Organizing
delivery

Cost responsibility

Industrial services

Delivering

Figure 5.1: Present role differentiation of thertirag delivery process.
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As an alternative to the preceding role differamiacould be a constant

internal pricing. The internal price would depemdyoon the amount of

given training days. The sales organization wodldra training packet
based on the sold FMS modules, and the duratidimeotaining would
depend on the training packet modules which awk #dter the sales

operation Industrial services would take the respmiities of costs and the

delivery of the training. Within this operations d& the agreement about

arrangements regarding to the training would besdtirectly between the

customer and Industrial services without projechaggement in between.

Figure 5.2 illustrates the delivery model of constaricing.

Sales Offering
Accepting
Customer Sy
Industrial services| | constant 0rganizing || bejivering | (Cost responsibility
pricing delivery

Figure 5.2: Role differentiation of training deliyegprocess with constant

internal pricing.

5.3.1 Marketing tools

A description of the Start up Training program déoistomers was done, and

it is presented in the appendix 4. The descripganade short and

informative because the start up project alreadiudes a lot of

information exchange between Fastems and the cestom

5.3.2 After sales

After sales service means a service which is peai/ioly a manufacturer

after the delivery of a system. Existing after salervices provided by
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Fastems are service contracts for regular maintenavarranty
maintenance, maintenance without service contiiaihing, and system
modifications and extensions. Training after aexystlelivery is mostly
given after a customer’s request. In many cases@nsl training occasion
after the actual start up would improve the chameemin the productivity
of a FMS. Some months after the actual start ugdlseomers have already
some knowledge and experience about using thersyste the users are
already able to use the system, the training casoheentrated on speeding
up the production process. A secondary trainirgjgs often a good chance
to find out what kind of wishes the customer hasuabhe system, and how
the customer would speed up his production proddsse is a possibility
to find out if possible system extensions or madifions are needed. The
after sales services are sold by local servicéia#s. For active training
after sales business Fastems would need to defingentask is to offer
secondary training. By testing and finding out thest typical customer
needs it would be possible to productize some skgriraining concepts.
According to Kuisma /2/ the development activitgdter the actual start-up
phase of a system have at least as significarlfeasothe start-up;

productivity will increase as a result of continsamprovement.
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6 CONCLUSIONS

As a result of this development project the firatrting program for
Fastems FMS was described. The program is intefodéte most typical
situation, where the customer has bought a new &iMSrequests for
training at his site. The module based programitaile for all other
MMS4 standard applications except systems with Bath management
and robotic solutions. The next phase of this ptagdould be to plan and
describe training modules for these rarely appgaapplications. The
training for Tool data management can be addeded-MS Start up
Training program as an additional module. Robaraapplication differs a
lot from a manufacturing system, and the roboningl should be arranged
as a separate program from the FMS training.

The trainers’ training program should be develofeensure sufficient
know-how of the training personnel. Fastems alrdea/existing resources
to arrange trainers’ training, but the first task be to define the level of

knowledge required from the trainers.

Clarifying the roles of different interest grouggarding the sales and the
delivery process should be done at Fastems. Tke tdpricing and
organizing the delivery of the training could benglified by leaving them
to be done by Industrial services. Thereby the $hdkl services would take

the overall responsibility of the training product.

A secondary training as after sales product woalgdssible to realize with
the same kind of concept as the Start up Trairtr@an be offered and
delivered by local service affiliates as well asestafter sales products. The
first task is to find out what kind of secondargiting the customers need
and how it will be possible to help the customersge their system more

efficiently.
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Appendix 1

3%

Fastem

MOFE VAL

Objectives - FMS start-up training

Operators

Production
Planners

NC Prog-
rammers

IT
Personnel

v

v

v

Understand what happens during automated machining cycle

v

Are able to use the system components (PCs, stations, operating panels,
stacker crane) for automated manufacturing and manual operation

v

Are able to put pallets in the system, take pallets out of the system, change
pallet locations and work with pallet defined fixture information

Are able to work with the most important NC program data (If MMS4100)

\

Are able to accept new and changed NC programs from CAM and from
the machine tool, and to send programs to CAM (If MMS4100)

\

Are able to make tool magazine queries, magazine planning and tool simulation
(If MMS4100)

Understand how Fastems FMS uses NC program header

Are able to create items, items for resource materials, and manufacturing operations

Are able to create and edit manufacturing routes

Are able to create, handle and check resources for manufacturing orders

Understand the principle and requirements of adaptive priority calculation

Are able to handle defective parts

SNANENENENEN

Know where to find web reports and how they are generated

Are able to operate the stacker crane manual drive modes

Are able to recover from typical error situations

Are able to perform controlled system shutdown and start

Understand the safety instructions regarding FMS

SNANENENENENENENENENAN

AN

Know how to find manuals and other documentation

Know the liabilities regarding software installations and other configuration changes

Understand the network structure of Fastems FMS

Understand how the backup of system data is realized

Understand the configuration and the usage of the remote access system

AN ANENENENENANANAN

Receive the admin rights

Receive the CDs / installation media

!

€]

G Wour fim



Program
FMS Start up Training

1% day

Morning — Introduction (Conference room)
Operators

NC programmers

Production planners

IT personnel

- Briefing

o Checking the resources
Network
Machining pallets
Fixtures
NC-programs
Tools
Materials
Material pallets
Item information

0 Training contents and objectives, timetable and participants

- Introduction
o FMS overview
o FMS components
= Hardware
=  MMS Control software

0 What happens during automatic machining cycle?

o Documentation
- General safety issues

- NC program header (For NC programmers)

N

Fasté}ms
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1% day

Afternoon — Introduction
Operators

- User interface
0 MMS Process and MMS Planning
0 Windows (Control Room, Loading, etc.)
o0 Colors and symbols
- Pallet locations
0 Putting pallets in and taking out
o Fixtures
o Changing the pallet locations
- Loading stations
o Moving, tilting, lifting
- Stacker crane
o Automatic drive, transferring pallets
- Introduction to manufacturing routes
0 Making a simple route

N

Fasté}ms
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2" day

Morning — Automated manufacturing
Operators
Production planners

Creating items
0 Resource material
0 Manufacturing operations
= NC programs
Material handling (If MMS2000)
0 Using material station
» Entering new pallets and new material
e Fixing a batch with an order
» Taking material out
0 Material locations: outside, material cell, and storage
- Creating and editing manufacturing routes
Production planning and scheduling
o Creating and handling production orders
* Importing from afile
0 Adaptive priority calculation
0 Resource checking
o Handling defective parts
- Loading wizard and autopilot
Web reports

N
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2" day

Afternoon — Safety and operation at exceptional con ditions
Operators

- Manual stacker crane drive modes

(0]
(0]
(0]

MDI drive
Manual drive
Forced drive

- Recovering from error situations

(0]

O o0Oo0ooo

Stacker crane alarms

Device alarms

Shut down controlled by UPS
Emergency stop

System status diagnostics
Contacting service

- Safety instructions

0
0
0

Stacker crane
Loading and material stations
Emergency stop

- System shutdown and start up
0 Autostart folder

N
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3" day

Morning — Exercises
Operators

- Repetition
- Practical exercises

Afternoon — Final test and IT (Conference room)
Operators
IT personnel

- Final test for operators
- Training diplomas
- System information for IT
o Controlled system shutdown and start
Backup system
Admin rights
Remote system
CDs

O O OoOOo

N

Fasté)ms
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Program
FMS Start up Training

1% day

Morning — Introduction (Conference room)
Operators

NC programmers

Production planners

IT personnel

- Briefing

o Checking the resources
Network
Machining pallets
Fixtures
NC-programs
Tools
Materials
Material pallets
Item information

0 Training contents and objectives, timetable and participants

- Introduction
o FMS overview
o FMS components
= Hardware
=  MMS Control software

0 What happens during automatic machining cycle?

o Documentation
- General safety issues

- NC program header (For NC programmers)
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1% day

Afternoon — Introduction
Operators

- User interface
0 MMS Process and MMS Planning
0 Windows (Control Room, Loading, etc.)
o0 Colors and symbols
- Pallet locations
0 Putting pallets in and taking out
o Fixtures
o Changing the pallet locations
- Loading stations
o Moving, tilting, lifting
- Stacker crane
o Automatic drive, transferring pallets
- Introduction to manufacturing routes
0 Making a simple route

N
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2" day

Morning — NC library
Operators
NC programmers

- Editing program data
0 Run time calculation
o Program type: main / sub / parameter
0 Security class: locked / automatic start disabled / free to run
0 Program class: temporary / constant / data server
- New NC programs
- Transferring NC programs
0 Accepting programs from CAM
0 Sending programs to CAM
0 Accepting changed programs from the machine tool

Afternoon — Automated manufacturing
Operators
Production planners

Creating items
0 Resource material
0 Manufacturing operations
= NC programs
Material handling (If MMS2000)
0 Using material station
» Entering new pallets and new material
e Fixing a batch with an order
» Taking material out
0 Material locations: outside, material cell, and storage
- Creating and editing manufacturing routes
Production planning and scheduling
o0 Creating and handling production orders
* Importing from afile
0 Adaptive priority calculation
0 Resource checking
o Handling defective parts
- Loading wizard and autopilot
Web reports

N
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3" day

Morning — Safety and operation at exceptional condi  tions
Operators

- Manual stacker crane drive modes
o MDI drive
0 Manual drive
o Forced drive

- Recovering from error situations
0 Stacker crane alarms
o Device alarms
0 Shut down controlled by UPS
o Emergency stop
0 System status diagnostics
o Contacting service

- Safety instructions
0 Stacker crane
0 Loading and material stations
o Emergency stop

- System shutdown and start up
0 Autostart folder

Afternoon — Tool magazine and option modules
Operators
The ones concerned

- Tool magazine and tool check (If MMS4100)
o0 Making magazine query
0 Magazine planning
o Tool simulation
- Other MMS option modules
0 Capacity simulation (If MMS3100)
Machine data logging (If MMS5000)

0
0 Remote alarm (If MMS5100)

N
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4" day

Morning — Exercises
Operators

- Repetition
- Practical exercises

Afternoon — Final test and IT (Conference room)
Operators
IT personnel

- Final test for operators
- Training diplomas
- System information for IT
o Controlled system shutdown and start
Backup system
Admin rights
Remote system
CDs

O O OoOOo

N

Fasté)ms

Appendix 3



Appendix 4

FMS Start up Training

INFORMATION
Trainees: System operators (max. 4 operators)
Production planners
NC programmers
IT personnel
Place: Customer’s works
Duration: 3-4 days
Needed resources: FMS
Machine tool
Palettes
Fixtures

Raw materials
NC programs
Tools

Item information

DESCRIPTION

The course prepares the users to set up the operation of a FMS and to use it
under typical operation conditions. Demonstrations and exercises include
inputting all the data that is needed for automatic operation. The operators will
practice using all the system components in manual and automatic operating
modes as well as preventing faults and recovering from error situations. The
course consists of following subjects:

- Operating a FMS safely

- Operating system components in automatic and manual modes
- Inputting pallet and fixture data

- Handling NC programs

- NC program header

- Creating items

- Creating and editing manufacturing routes

- Creating manufacturing orders

- Recovering from typical error situations

- Contacting service

N |
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Operator test
FMS Start up Training

Name:

Company:

Date:

Choose the right answers to following questions. There might be one or more right
answers.
1. Crane access to a loading station is blocked. Possible reasons are
a) User doors are open
b) There is no palette in a loading station
c) Crane is already in a station

2. An operator is using the crane manually. Automatic movements are
disabled because

a) The emergency stop circuit is broken
b) The key switch is offline
c) Security door is open

3. A palette is loaded and sent to the route. The tool check is failed to
perform. The palette will be moved to the storage and marked as

a) yellow
b) orange
c) red
-
////,
-
-
—
—
/////
//
_ . |
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Appendix 5
. An error occurs during machining. The palette will be moved to
storage and marked as
a) yellow
b) orange
c) red
Editing the route of a palette is possible when
a) The palette is not loaded and is in storage
b) The palette is loaded and at the loading station
c) The palette is not loaded and at the loading station
The system is equipped with a UPS. In case of a power failure
a) A controlled system shutdown will be performed automatically
b) The user has to perform a controlled system shutdown
c) The system can be operated with a battery

The adaptive priority calculation is based on a CR value. The CR
value is

a) Ratio of available and needed production time
b) Ratio of number of ordered and finished items
¢) Ratio of manned and unmanned production hours

To set the priority of a production order lower (higher CR value) the
operator can

a) Set a later due date
b) Reduce the number of ordered items

c) Delete other production orders

N |
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9. A NC program is edited at the machine tool
a) The changes will be actualized automatically
b) The user has to load the program to FMS to accept the changes

c) The system will automatically delete the program from the
machine tool memory

10. To perform a controlled system shutdown the crane has to be
a) In automatic mode
b) In MDI mode
c) Stopped by emergency stop
11. The machine tools in a same NC group
a) Can run the same NC programs
b) Have the same cutting tools
¢) Are manufacturing the same items
12. Before resetting the emergency stop circuit the operator has to
a) Check the pallet locations
b) Check that no people are in the storage

c) Contact Fastems service

N |
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