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Unit 1
Task 1: Pronounce the following words correctly. Learn them by heart.

to connect [ka'nekt] - coegunsaT

changeover ['tjeind,auva] - nepeHacTpoiika, 3amexa
to perform [ps'fo:m] - BeINCAHATL

to process ['prauses] - obpabarbisate

stepwise ['stepwaiz] - nowarossi

to proceed [pra'si.d] - noctynats

simultaneous [,simal'teinios] - 0AHOBPEMEHHbIH

to transfer ['treensfa:] - nepeHocuTs, nepesasars

. sequence ['si:kwans] - nocneosaTensHocTs

10. properly ['propal] -nomkHbIM 0Gpasom

11. to require [nkwaio} - Tpeborats

12. to utilize [ju:tiaiz] - ucnonbsosatk

13. to remove [n'mu;v} - yaansits, CHUMaTs

14, multiple 'mAitipl] - MHOrouMCnEHHRIA

15. to shape [feip] - opmmuposars

16. to complete [kom'pli:t} - 3akaH-uBaTL, 3aBepLLaTL
17. separate ['sepnt] -otaenbHbIi

18. to divide [dr'vaid] - penuTb(cs)

19. to involve [in'volv] - BKnioyaTs B cebst

20. sheet [fi:t] - amcr

21. to include [in'klu:d] - conepxare B cebe, BINOYETL
22. partial ['pa:fal] - YacTUUHBIA

23. to create [kn:'eit] - cospasarb

Task 2: Read the text.
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Automated Production Lines
An automated production line consists of a series of workstations connected by atrane.  ‘vs-
tem to move parts between the stations. This is an example of fixed automation, since thes.. . .3
are set up for long production runs, making a large number of product units and running for several
years between changeovers. Each station is designed to perform a specific processing operation,
so that the part or product is constructed stepwise as it progresses along the line. A raw work
part enters at one end of the line, proceeds through each workstation and appears at the other
end as a completed product. In the normal operation of the line, there is a work part being
processed at each station, so that many parts are being processed simultaneously and a fin-
ished part is produced with each cycle of the line. The various operations, part transfers, and
other activities taking place on an automated transfer fine must all be sequenced and coordi-
nated properly for the line to operate efficiently.
Modem automated lines are controlled by programmable logic controllers, which are special
computers that can perform timing and sequencing functions required to operate such equip-
ment. Automated production lines are utilized in many industries, mostly automobile, where
they are used for processes such as machining and pressworking.
Machining is a manufacturing process in which metal is removed by a cutting or shaping tool, so that
the remaining work part is the desired shape. Machinery and motor components are usually made
by this process. In many cases, multiple operations are required to completely shape the part. If the
part is mass-produced, an automated transfer line is often the most economical method of produc-
tion. Many separate operations are divided among the workstations.
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Pressworking operations involve the cutting and forming of parts from sheet metal. Examples of
such parts include automobile body panels, outer shells of laundry machines and metal fumiture.
More than one processing step is often required to complete a complicated part. Several presses
are connected together in sequence by handling mechanisms that transfer the partially completed
parts from one press to the next, thus creating an automated pressworking iine.

Task 3: Find in the text English equivalents to the following word-combinations.

pAn, CTaHKoB
FYHUN YCTaHOBNEHSI
EAVHALBL! NPOoaYKLMK
onepauus no obpaboTke
cobupaercs nocreneHHo
3ar0TOBKA NOCTYNaeT
KOHEYHbIA NPORYKT
obpabatbiBaeTcs Ha KaKEOM CTaHke
obpabatbiBaioTca OAHOBPEMEHHO
nepemelleHue getanen
aBTOMAaTUYECKUIA KOHBERED
BCE JIOMKHbI BbITh NOCNEA0BATENbHbI
(YHKLUM YCTAHOBKW BPEMEHM 1 IOCNEL0BATENBHOCTH
NPUMEHSIOTCA BO MHOMUX OTPaCHAX
MEeTann yaansevcs
Heobxoaumas dopma
TpebyeTcs MHOro onepayui
pacnpefieneHb) MeXgy CTaHKamu
BKIOHAIOT pesky ¥ hOPMOBKY
NKCTOBON MeTann
KOPNYChb! CTUPAMNBHBIX MALWWH

" CMoxXHan fetans
nepenaoLIe MexaHnambt
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Task 4: Insert the missing words in the sentences.

These lines are ... for fong production runs.

Each station is ... to perform a specific processing operation.
Many parts are ... simuitaneously.

The various operations must all be ... properly.

Special computers can ... timing and sequencing functions.
Many separate operations are ... among the workstations.

DA~ wN

Task 5: Put the words in the correct order to make a statement or a question.

Automation, an example, of, this, is, fixed.

Enter, where, work part, does, a, raw?

A, being processed, is, there, at, station, each, work, part.

Automated, utilized, are, production, in, lines, industries, many.
Removed, by, metal, is, tool, or, cutting, a, shaping?

By, machinery, this, and, motor, usually, components, process, made, are.
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Task 6: Say if the following statements are true or false according to the text.

An automated production fine consists of one workstation.

Automated production lines are set up for short productions runs.

Each station is designed to perform various processing operations.

A raw work part proceeds through each workstation.

The various operations must all be sequenced.

Programmable logic controllers can perform timing and sequencing functions.

S w2

Task 7: Put the following sentences in the logical order according to the text.

1. If the part is mass-produced, an automated transfer line is often the most economical
method of production.

Automated production lines are utilized in many industries.

Many parts are being processed simultaneously.

There is a work part being processed at each station.

The part or product is constructed stepwise as it progresses along the fine.
Automated production lines are set up for long production runs.

Do W

Task 8: Speak on the following points.

1. Automated production lines are set up for long production runs.

2. In the normal operation of the line many parts are being processed simultaneously.
3. Automated production lines are utilized in many industries.

4. Many separate operations are divided among the workstations.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions.

Does an automated production line consist of a series of workstations?
What are these lines set up for?

Are many parts being processed simultaneously or stepwise?

What is controlled by programmable logic controflers?

Automated production lines are utilized in many industries, aren't they?

AW =

: Unit 2
Task 1: Pronounce the following words correctly. Learn them by heart,
number [nAmba] - wicno, uudpa

to punch [pAnt{} - npobusats oTsepcTHe

storage ['st:nd?) -xpaHexue

tape [teip] - nexTa

medium [mi:djoam] - cpeacTso

initial [I'nifl] - HavanbHbIt

application [ zeplike/n] -npumeHenue

tool {tu:1] - uHCTpyMeEHT, CTaHoK

. relative [reloiv] — oTHoCUTENBHWIN

10. set [set] - Habop

11. particular [pa'tikjula] - oTAENBHBIA

12. to specify ['spesifai] - ycTaHaBnuBaTh

13. to define {drfaln] - onpegensitb
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14. sequence ['stkwoans] - nocnegoBaTenbHOCTb
15. to accomplish [a'ompllf] - sbinonkaTL

16. feedback ['fi.dbaek | - obparhas cBsisb

17. to verify ['venfai] - npoepsTh

18. to implement [implimont] -ssinonHATL

19. to involve [iIn'volv] - skniovarts

20. to include [in’klu:d] - 3aknio4ath, copepxars
21. to insert [in'sa:t] - scTagnsTL

22. assembly [o'sembli] -montax, cbopka

23. draft {dra:ft] - 4epéx, ripoext

24. drawing ['drxin] - pucyrok

25, accurate [zekjunt] - TouHbH

26. to employ [im'phx] - npumenaTs

27. surface ['sa:fis] - noBepxHoCTL

28. lead wire [li:d] [waia] - nofsopswmiA nposon

29. hole Thaul] - otBEpCTHE

30. to require [n'kwais] - TpebosaTb

31. precision fpn'st3n] - TO4HOCTb

Task 2: Read the text.

Numerical Control

Numerical control is a form of programmable automation in which a machine is controlled by
numbers (and other symbols) that have been coded on punched paper tape or an alternative
storage medium. The initial application of numerical control was in the machine tool industry to
control the position of a cutting tool relative to the work part being machined. The NC part pro-
gram represents the set of machining instructions for the particular part. 'The coded numbers in
the program specify x-y-z coordinates in a Cartesian axis system, defining the various positions of
the cutting too! in relation to the work part. By sequencing these positions in the program, the ma-
chine tool is directed to accomplish the machining of the part. A position feedback contro! system
is used in most NC machines to verify that the coded instructions have been comrectly performed.
Today a small computer is used as the controlfier in an NC machine tool. Since this form of nu-
merical control is implemented by computer, it is called computer numerical control, or CNC.
Another variation in the implementation of numerical control involves sending part programs
over telecommunication lines from a central computer to individual machine tools in the fac-
tory. This form of numerical control is called direct numerical control, or DNC.

Many applications of numerical contro! have been developed since its initial use to control ma-
chine tools. Other machines using numerical control include component-insertion machines
used in electronics assembly, drafting machines that prepare engineering drawings, coordinate
measuring machines that perform accurate inspections of parts. In these applications coded
numerical data are employed to control the position of a tool or workhead relative to some ob-
ject. Such machines are used to position electronic components {e.g., semiconductor chip
modules) onto a printed circuit board (PCB). It is basically an x-y positioning table that moves
the printed circuit board relative to the part-insertion head, which then places the individual
component into position on the board. A typical printed circuit board has dozens of individual
components that must be placed on its surface; in many cases, the lead wires of the compo-
nents must be inserted into small holes in the board, requiring great precision by the insertion
machine. The program that controls the machine indicates which components are to be placed
on the board and their locations. This information is contained in the product-design database
and is typically communicated directly from the computer to the insertion machine.
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Task 3: Find in the text English equivalents to the following word-combinations.

nepcthopupoBaHHan bymaxHan nexTa
nepBoHavarsHoe NPUMEHeHue
CTaHKOCTPOUTENbHAS MPOMBILLITEHHOCT
PEXYILMA NHCTDYMEHT

Onpepensia pasHble NONOXeHUs

oTHOCUTErbHO pabouen aetanu

NyTEM NOCNeAoBaTeNLHOM0 PacNoNoXeHns
BLINOSHATL 06paboTky AeTany

BLINONHEHB NPABUNLHO

10, UCTIONb3YETCA KOMNLIOTEPOM

11. ucnosb3oBaxue UMPOBOO KOHTPONA

12. MexaH13M [yiA yCTaHOBKY geTanei

13. TouHan npoBepka aeTanen

14. 3akogupoBaHHbie LMppoBbIE faHHbe

15. nomkHbI BbITL PacnonoXeHb! Ha 6€ NOBEPXHOCTU
16. pomkHL! 66ITH pasMelLieHb! B MANEHbKNe 0TBEpCTHS
17. Tpebyroume HonbLLOK TOUHOCTH

18. nepepaloTcs HanNpAMYIO OT KOMMNbIOTEpa

©CoENOGAWN S

Task 4: Insert the missing words in the sentences.

1. The NC part program ... the set of machining instructions.
. By sequencing these positions in the program, the machine tool is directed ... the
machining of the part.
. Many applications of numerical control have been ... since its initial use.
. Other machines using NC ... component-insertion machines.
. Coded numerical data are ... to control the position of a tool.
. Dozens of individual components must be ... on its surface.

Mean, does, control, what, numerical?
Instructions, set, of, it, machining, the, represents.
Tool, the, the part, accomplishes, machining, the, machine, of.
"4, Employed, these, applications, in, data, numerical, coded, are.
. Pasition, components, what, electronic, machines?

2

3

4

5

6 N
Task 5: Put the words in the correct order to make a statement or a question.
1

2

3.

4

5

6. Components, has, what, dozens, of, individual?

Task 6: Say if the following statements are true or false according to the text.

The only application of numerical control was in the machine tool industry.
The NC part program represents the set of machining instructions.
The coded numbers define the various positions of the cutting tool.
A position feedback control system is used in some NC machines.

S wh -

Such machines are used to make electronic components.

Task 7: Put the following sentences in the logical order according to the text.

1. The initial application of numerical control was in the machine tool industry.
2. The coded numbers define the various positions of the cutting tool.

DNC means sending part programs from a central computer to individual machine tools.

3. The control system verifies that the coded instructions have been correctly preformed.



4. Part programs are sent from the central computer to individual machine tools.
5. Many applications of NC have been developed.
8. The control program indicates which components are to be placed.

Task 8: Speak on the following points.

1. Numerical control is a form of programmable automation.

2. A position feedback control system is used in most NC machines.

3.- Many applications of numerical control have been developed since its initial use.
4. A typical printed circuit board has dozens of individual components.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions.

Does the NC part program represent a set of machining instructions?

Where was the initial application of numerical control?

Is the machine tool directed to accomplish the machining or turning of the part?
What is used to verify that the coded instructions have been correctly performed?
Today a small computer is used as the controller, isn't it?

W=

Unit3
Task 1: Pronounce the following words correctly. Learn them by heart.
assembly [o'sembli]} -moHTax, cbopka
perform [pa'>:m]-8bINONHATL
workstation [ wa:k'stelln] - pabouee meco
multiple ['mAltip1] - MHOrouKUcREeHHbIN
to owe [ou] - BbiTb 06513aHHLIM
content [kontant] - conepxanue, pons
manual [maenjusl] - py4Hoi
attention [o'tenfan] - BHUMarHKe
. recent ['n:snt] - HenaBHUA
10. quantity ['kwontiti] - konuuecTso
11. lighter [laita] - 3axuranka, ocseTuTenNb
12. condition [kan'difan] - ycnosue
13. to require [n'kwais}] - Tpebosartb
14, similar ['similo] - nogo6HbI#
15. to transfer [treens'fa:] - nepeHocuTs, nepemeusars
16. difference ['difrans] -pasHuua
17. instead [in'sted] - BMecTo
18. to consist [kan'sist] - cocTosTb
19. to equip ['’kwip] - obopynosaTs
20. to deliver [di'hva] - gocTasnaTe
21. workhead ['wa:khed] - nepepHss 6abka cTaHka
22. actual ['aktjual] - dhakTyeCky CywecTByIoLuMiA
23. to attach ['steeti] - npukpennats
24. to include [in'klu:d] - BrmouaTs
25. screwdriver ['skru:,draive] - oTBEpTKA

OENO G S WM
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26. to weld {weld] - ceapusars

27. to join [dsn] - coeauHATL

28. device [di'vais] - ycTpoitcTeo

29. to add [ad}- npubaBnATh, NPUCOSAUHATL

30. partial ['pa:Jal] - vacTU4HbLIA

* 31. to complete [kam'pit:t] - 3akaHumBars, 3asepiiate
32. gradual [greedjual] -nocTenerHbIn, NocnefoBaTENbHbIA
33. to proceed [pra'si:d] - npoaorKath, MoCTyNaTh
34. to consider [kan'sido] -paccmarpusarts, cuuTaTh
35. to configure [konfigs] - HacTpamsars

36. particular [pa'tikjulo] - oTAERBHEI

37. volume ['voljum] - o6bém

38. to represent frepr'zent] - npepcrasnsaTh

39. to insert [in'sa:t] - scTaBnATL

40. to employ [im'ply] - npumeHnATL

Task 2: Read the text.

Automated Assembly i
Assembly operations have traditionally been performed manually, either at single assembly
workstations or on assembly lines with multiple stations. Owing to the high labour content and
high cost of manual labour, greater attention has been given in recent years to the use of
automation for assembly work. Assembly operations can be automated using production line
principle: if the quantities are large, the product is small, and the design is simple (e.g., me-
chanical pencils, pens, and cigarette lighters). For products that do not satisfy these condi-
tions, manual assembly is generally required.

Automated assembly machines have been developed that operate in a manner similar to ma-
chining transfer lines, with the difference being that assembly operations, instead of raachining,
are performed at the workstation. A typical assembly machine consists of several stations each
equipped with a supply of components and a mechanism for delivering the components into
position for assembly. A workhead at each station performs the actual attachment of the com-
ponent. Typical workheads include automatic screwdrivers, welding heads and other joining
devices. A new component is added to the partially completed product at each workstation,
thus buitding up the product gradually as it proceeds through the line. Assembly machines of
this type are considered to be examples of fixed automation, because they are generally con-
figured for a particular product made in high volume. Programmable assembly machines are
represented by the component-insertion machines employed in the electronics industry.

Task 3: Find in the text English equivalents to the following word-combinations.

BbIMNOSHANUCH BPYYHYIO

c6OpOuHbIE NUHKK

WCrionb30BaHWe aBToMaTn3auum

Npu YCrnoBumn 6onbLWEro KoAMYecTBa

He YROBIIETBOPSIOT STUM YCIOBUAM

0bbluHO TpebyeTca

NHUK KoHBENEpa

pasHuLia CocTonT B TOM

. MEXaHU3M NOZAYM KOMITIEKTYIOWMX

10. HenocpeACTBEHHOE NpUCOEAUHEHME AeTanm
11. apyrue cbopouHble yCTpoiicTaa

12. NpUCOEUHSAETCA K YACTUYHO FOTOBOMY NPOAYKTY
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13. rio Mepe npoaBUXEHMS N0 KOHBENEPY

14. xoTopblit NPoK3BOAAT B 6onbLwomM 0ObEMe

15. nporpaMmHble COOPOYHbIE MEXaHN3MbI

16. npUMeHsieMbIe B 3NEKTPOHHOM NPOMBILLNEHHOCTY

Task 4: Insert the missing words in the sentences.

Automated assembly machines operate in a manner ... to machining transfer lines.
Assembly operations are ... at the workstations.

Each station is ... with a mechanism for delivering the components into position for assembly,
A workhead performs the actual ... of the components.

The product is being built up gradually as it... through the line.

Programmable assembly machines are ... by the component-insertion machines.

@wéwwe

Task 5: Put the words in the correct order to make a statement or a question.

Been, how, assembly, performed, have, operations?

The use, to, automation, of, given, greater, been, attention, has.
Required, manual, assembly, when, is?

Operations, performed, where, assembly, are? .

Stations, of, what, several, consists?

. Attachment, component, the, of, the, a workhead, performs.

SO~ wN =

Task 6: Say if the following statements are true or false according to the text.

Greater attention has been given in recent years to the use of automation for assembly work.
Assembly operations can't be automated.

Manual assembly is never required.

Assembly operations are made at the workstations.

Each station is equipped with a supply of components.

Assembly machines are configured for a particular product.

S e

Task 7: Put the following sentences in the logical order according to the text.

Typical workheads include automatic screwdrivers, welding heads and cther joining devices.
Assembly operations are performed at the workstations.

Assembly machines of this type are considered to be examples of fixed automation.
Assembly aperations can be automated.

A workhead performs the attachment of the component.

For some products manual assembly is generally required.

R

Task 8: Speak on the following points.

1. Great attention has been given to the use of automation.
2. Assembly operations are performed at the workstations.
3. The product is gradually built up.

4. Assembly machines are examples of fixed automation.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions.

Has attention been given to the use of automation?

in what case can assembly operations be automated?

Are assembly operations or controlling performed at the workstation?
What is added to the product at each workstation?

Assembly machines are configured for a particular product, aren't they?

RoAianlh S

—_
(=]



Unit 4

Task 1: Pronounce the following words correctly. Learn them by heart.

concept [konsept] ~ nonatue

figure [fige] - undpa

medieval [med'i:vl] — cpeaHeBexoBbIi
church [tla:tf] - uepxoes

to gain [gein] — nonyyartb

fame [feim] — cnasa

to apply [o'plar] - npumeHsTL

handicraft [haendikra:ft} - pyuxan pabora
motion [maufn] ~ ABKeHMe

creature ['kn:t/a] - xusoe cywecTso

to advertise ['®dvataiz] - pexnamvposath
to entertain [enta'tein] — pa3snekatb
actually ['aektuali] - chaxkruyecku

addition [o'diln] - gononkenme

remote [n'maut] — AUCTaHUMOHHDI

- to derive [di'raiv] - npoucxoauTb

compulsory [kam'pAlsan] — obszarensHbiit
to describe [dis'kraib] — onucbiBaTh

to fack [leek] — HexBatath

sensibility [sensi'bilits] - YyBcTBUTENLHOCTL

. true [tru:] — npasunbHbIA

. researcher [n'sa:tfa] - uccneposarens
. to arrange [s'reind:] - pacnionarats

. to process [prausas] - o6pabarbieath
. to equip ['kwip] — o6opyaosaTe

to handle [haendi] - ynpasnats
to feed [fi:d] - nopasatb
to surround [sa'raund)] - okpyxatb

. environment [in'vairanmant] - okpyxatotas cpesa
. to change [t/eind.} - mexsiTe

. feedback [fi.dback] — obpatHas ceasb

. to spread [spred] - pacnpocTpaHsaTb(cs)

. toincrease {in'kn:s] - Bospactats

essential ['senfl] - cywiecTBeHHb it

. procedure [prau'st.d:a] - TexHoNorM4eckuit NPoLece
. 1o advance [ad'va:ns] - fenatb ycnexu

. to explore [ik'spl-:] — uccnegosars

. to expand {iks'paend] - pacwmpsiTb{cs)

. available [o'veilabl] ~ pocTynHbIi#

. sign [sain} — 3HaK, npusHak

Task 2: Read the text.

History of Robotics

The concept of robots dates back to ancient times, when some myths told of mechanical be-
ings brought to life. Such automata also appeared in the clockwork figures of medieval
churches, and in the 18th century some clockmakers gained fame for the clever mechanical
figures that they constructed. Today the term automaton is usually applied to these hand-
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crafted, mechanical (rather than electromechanical) devices that imitate the motions of living
creatures. Some of the «robots» used in advertising and entertainment are actually automata,
even with the addition of remote radio control,

The term robot itself is derived from the Czech word robota, meaning «compulsory tabour». It
was first used by the Czech novelist and playwright Karel Chapek, to describe a mechanical
device that looks like a human but, lacking human sensibility, can perform only automatic, me-
chanical operations. Robots as they are known today do not only imitate human or other living
forms. True robots did not become possible, however, until the invention of the computer in the
1940s and the miniaturization of computer parts. One of the first true robots was an experi-
mental model designed by researchers at the Stanford Research Institute in the late 1960s. It
was capable of arranging blocks into stacks through the use of a television camera as a visual
sensor, processing this information in a small computer.

Computers today are equipped with microprocessors that can handle the data being fed to
them by various sensors of the surrounding environment. Making use of the principle of feed-
back, robots can change their operations to some degree in response to changes in that envi-
ronment. The commercial use of robots is spreading with the increasing automation of facto-
ries, and they have become essential to many laboratory procedures. Japan is the most ad-
vanced nation exploring robot technology. Nowadays robots continue to expand their applica-
tions. The home-made robots (ropHuuHas) available today may be one sign of the future.

Task 3: Find in the text English equivalents to the following word-combinations.

OTHOCUTCS K APEBHOCTH

rnpuobpenu cnaey

caienaHHble BpyHyIO MeXaHWYeckve YCTpoicTBa
DBVKEHNS XUBBIX CYLUECTB

ucnons3yembie B pekname

C NPUMEHEHNEM AUCTAHLIMOHHOFO YNpaBneHus
o3HavaioLiee obssaTentHylo paboty

B0 3obpeTeHns KoMNbTepa

CO3/aHHas NCCNepoBaTenaMu

10. mor cKknagbigath 6noku

11. obpabatniBan a1y MH(opMaLuio

12. nenonb3ys NpuHLmMn obpaTtHov cBsAsn
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Task 4: Insert the missing words in the sentences.

Some myths told of mechanical beings ... to life.

They imitate the ... of living creatures.

Some of the “robots"” are ... automata.

The mechanical ... can perform only automatic, mechanical operations.
True robots did not become possible unit the ... of the computer.

. It was capable of ... blocks into stacks.

L N

Task 5: Put the words in the correct order to make a statement or a question.

Times, back, what, to, dates, ancient?

(ain, what, some, for, clockmakers, did, fame?

Being fed, them, can, microprocessors, to, the data, handle.
Their, some, to, can, degree, operations, change, to, robots?
Robots, why, commercial, the, spreading, use, is, of?

Their, continue, applications, expand, robots, to.

SN~



Task 6: Say if the following statements are true or false according to the text.

The concept of robots is quite modern.

In the 16t century some clockmakers gained fame for the clever mechanical figures.
This mechanical device can perform only automatic, mechanical operations.

True robots appeared before the invention of the computer.

The robot was capable of arranging blocks into stacks.

Microprocessors can handle the data by various sensors.

DW=

Task 7: Put the following sentences in the logical order according to the text.

True robots did not become possible until the invention of the computer.
Robots can change their operations to some degree.

Computers today are equipped with microprocessors.

Some myths told of mechanical beings brought to life.

The Czech word robota means “compulsory labour”.

These mechanical devices can imitate the motions of living creatures.

DO AW~

Task 8: Speak on the following points.

1. The concept of robots dates back to ancient times.

2. The human-like mechanical device can perform only automatic, mechanical operations.

3. One of the first true robots was designed by researchers at the Stanford Research Institute.
4. Computers today are equipped with microprocessors.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions.

Did some myths tell of mechanical beings brought to life?

What is the term automation applied to?

Did true robots appear before or after the invention of the computer?
What was capable of arranging blocks into stacks?

Robots can change their operations, can't they?

o

Unit5
Task 1: Pronounce the following words correctly. Learn them by heart.
unit [ju:nit] — equHUYa
tength {len6] — arvea
to adopt [o'd>pt] — npuHumaty
common [komsan] ~ oBtumi
weight [weit] ~ sec
measure [me:s] - Mepa
majority [ma'dsorati] - 6onbwmMHCTBO
capacity [ka'paesiti] - émkocTs, 0bbem
. palm [pa:m] - nagoHbL
10. breadth [bred8] - wupnHa
11. elbow ['elbau] - nokoTe
12. tip [tip] — kOHUMK (nanbua)
13. finger [fings)] - naney
14. definite {'defanat] — onpeaenéHHbIA, TOUHBIA
15. linear measures {'lnia'me <0z} ~ Mepb! ANKHbI
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16.inch [intf] - aroiim

17.to define [drfain} - onpepensTs

18. term [ta:m] - Tepmun

19. bar [ba:] - nonoca

20. solid ['s>hd] - Teépabii

21. alloy [a&l] - cnnae

22.to maintain [mein'tein] — coxpaHsTh

23. exact [ig'zaekt] - TouHbIR

24 1o refer [n'fa:] — otHoCUTCA

25. supplementary [,sApl'mentan] — aononHUTENsHbINA
26. origin ['>ndn] ~ npoucxoxneHue ‘
27. agreement [o'gn:mont] — norosop

28. to emit ['mit] - nenyckatb

29. path [pa:6] - nyts

30. to create [kn:'eif] - cospaBate

31. pure [pjua] — umcTbIi

32. density ['densitt] — yziensHbiii BEC, NAOTHOCT
33. century ['sentfun] - Bex

34. rotation [rau'ter/n] — Bpaienme

35. mean [mi:n] - cpenHmit

36. solar ['soula] — conHeyHsli

37. complete [kam'ph:t] - nonHbiiA

38. axis ['eksis] — ocb

39. relation {n'leifn] — oTHOWeHUe

40. freguency ['fri;kwansi] - yactota

Task 2: Read the text.

Measurements
Metric System is a decimal system of physical units, named after its unit of length, the metre,
the metric system is adopted as the common system of weights and measures by the majority
of countries, and by ali countries as the system used in scientific work.

Weights and Measures
Length, capacity, and weight can be measured using standard units. The principal early stan-
dards of length were the palm or hand breadth, the foot, and the cubit, which is the length from
the elbow to the tip of the middle finger. Such standards were not accurate and definite. Un-
changing standards of measurement have been adopted only in modern time.
In the English-speaking world, the everyday units of linear measurement were traditionally the
inch, foot, yard and mile. in Great Britain, untit recently, these units of length were defined in
terms of the imperial standard yard, which was the distance between two lines on a bronze bar
made in 1845.
In Britain units of weight (ounces, pounds, and tons) are now also derived from the metric
standard — kilogram. This is a solid cylinder of platinurn-iridium alloy maintained at constant
temperature at Sevres, near Paris. Copies, as exact as possible, of this standard are main-
tained by national standards laboratories in many countries.
Intemnational System of Units is a system of measurement units based on the MKS (metre-
kilogram-second) system. This international system is commonly referred to as Sl.
At the Eleventh General Conference on Weights and Measures, held in Paris in 1960 stan-
dards were defined for six base units and two supplementary units:
14



Length
The metre had its origin in the metric system. By intemational agreement, the standard metre
had been defined as the distance between two fine lines on a bar of platinum-iridium alloy. The
1860 conference redefined the metre as 1,650,763.73 wavelengths of the reddish-orange light
emitted by the isotope krypton-86. The metre was again redefined in 1983 as the length of the
path travelled by light in a vacuum during a time interval of /299,792,4'58 of a second.

Mass
When the metric system was created, the kilogram was defined as the mass of 1 cubic deci-
metre of pure water at the temperature of its maximum density or at 4.0 °C.

Time
For centuries, time has been universally measured in terms of the rotation of the earth. The second,
the basic unit of ime, was defined as 1/86,400 of a mean solar day or one complete rotation of the
earth on its axis in refation to the sun. Scientists discovered, however, that the rotation of the earth
was not constant enough to serve as the basis of the time standard. As a resutt, the second was re-
defined in 1967 in terms of the resonant frequency of the caesium atom, that is, the frequency at
which this atom absorbs energy: 9,192,631,770 Hz (hertz, or cycles per second).

Task 3: Find in the text English equivalents to the following word-combinations.

npuHATa Kak oblas cuctema

cucTeMa, NPUMEHAEMan 8 HaydHow pabote
UCNOMB3Ys CTaHAAPTHBIE eAUHULb!

PaccTosHWe OT NOKTS J0 KOHYMKa CpefHero nanbiia
TpamuUMoHHo Buirm atoim, dyT, ApA U Muna

[0 HEOaBHETO BPEMEHH

XDAHSITCS B HALMOHaNbHbIX nabopatopusx cTanpapToB
GbInv OnpeeneHbl ANs WECTIA OCHOBHbIX €AUHIAL

. TIO MEXOYHApOAHOMY AOrOBOPY

10. oguH KyOMUECKUI AeLUMMET YUCTON BOAb!

11. BpaLLeHne 3eMnu

12. cpepHui COmnHEeYHbIR AeHL

CENDB AW

Task 4: insert the missing words in the sentences.

The metric system is ... as the common system of weight and measures.
Such standards were not ... and definite.

This is a solid cylinder of platinum-iridium...

This international system is commonly ... fo as Sl.

The metre had its ... in the metric system.

Time has been measured in terms of the ... of the earth.

SN =

Task 5: Put the words in the correct order to make a statement or a question.

1. System, weights, the, metric, system, of, common, is, the, measures, and.
2. Definite, such, not, standards, and, were, accurate.

3. Again, the, was, redefined, metre?

4. Constant, the, of, was, the, rotation, not, earth.

5. Redefined, the, 1967, in, time, was, standard?

6. Base, were, standards, for, units, six, defined.

Task 6: Say if the following statements are true or false according to the text.
1. The metric system is adopted only by some countries.




This system is used in scientific work.

Old standards were not accurate and definite.

Unchanging standards have been ad?fted only in modemn time.
Copies of this standard are maintainea only in Paris.

This national system is commonly referred to as Sl.

YL FNIN

Task 7: Put the following sentences in the logical order according to the text.

1. A solid cylinder of platinum-iridium alloy is maintained near Paris.
2. Time has been measured in terms of the rotation of the earth.

3. The metric system is adopted by the majority of countries.

4. Such standards were not accurate and definite.

5. The metre was again redefined in 1983.

6. Standards were defined for six base units.

Task 8: Speak on the following points.

1. Metric System is a decimal system of physical units.

2. Unchanging standards have been adopted only in modem time.
3. The metre had its origin in metric system.

4. Time has been measured in terms of the rotation of the earth.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions.

Is the metric system commonly adopted?

Why isn't it accurate and definite?

Are copies of this standard maintained in many countries or in one country?
What was redefined in 19837

The rotation of the earth is not constant, is it?

o=

: Unit 6
Task 1: Pronounce the foliowing words cotrectly. Learn them by heart.
quick [kwik] — BbicTpbIit

to change [tfeind:] - mensiTs

initial ['rufl] - HavanbHbIR

solution {salu:jn] - pewenwe

to involve [in'v-lv] — Bkniouats B cebst

insert ['ns o:t] — 8cTaska

drawback ['dr>:baek] — HepocTaTok

application [,aepirkeifn] ~ npumeneHne

. to suffer ['shfs] - ctpapats

10. advent [‘&edvant] — nosienexue

11. approach [o'prautf] - nogxop

12. similar ['simala] ~ nogobHLIA, NoxoxmA

13. current [kAront] — Tekywui

14. to impose [im'pauz] - Hanaratb (0bs3aTenbcTeo)
15. restriction ['stnk/n] — orpaxuyerne

16. owning to ['auin] - bnarogaps, no npumKe

17. relative [relotiv] - oTHOCUTENBHBIA

18. capacity [ko'paesiti] - BMeCTUMOCTB

19. rapid [reepid] - 6bICTPLIA

20. to exhaust [ig'z>:sf] - ucTowatb, vcuepnbiBate
16
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21.to prolong [prau'l>n} - npognuTe

22. multitude ['mAltitju:d] - mHoxecTso

23. clamp [klzemp)] ~ aaxum

24.to cause [k>:z] - Bbi3blBaTH, ObITb NPUIUHONA
25. demand [d'ma:nd] - TpeboBanue

26.to exacerbate [eks'asobeit] - 06ocTpsaTh
27. suitable ['su:tabl] -~ noaxoaswuit

28. advantage [od'va:ntid:] — npenmyLiecTso
29. to overcome {,auva’k/Am] — npeogoneTth

30. worth [wa:8] — cToswumit

31.to mention ['menfon] - ynomunars

32. o offer ['>fa} - npegnarars

33. certain ['sa:tn] — onpepenéxHbIiA
34.instance [instons] — npumep

35. storage ['stx:nd:] - xpaHwnuile, 3anoMuHaloLiee yCTPOACTBO
36. valid ['v zelid] - Beckui

37. outlay ['autlel] — nagepxwu, pacxonbl

38. finite [' fanait] — orpanuueHHbIi

39. to accommodate [s'’komadeit] - npucnocabnuears, ycraHaBnusaTs
40. to require {n'kwara] - Tpebosatb

41, variety [va'raioti] — pasHoobpasue

42.to reduce [n'dju:s] - ymeHswaThL

43. considerable [kon'sidarabl] - sHauuTen:HbIH

Task 2: Read the text.

Modular Quick-change Cutting-tool Systems

Cutting-tool manufacturers have not been slow in developing and producing quick-change tooling
systems. Their initial steps towards automatic tool changing were made a decade or so ago. One
early solution involved changing the indexable insert itself; the main drawback with this was that the
changer was complex in design and could only change one type of insert. Therefore its use was lim-
ited to long-run tuming applications, and even here it suffered with the advent of CNC.

Other approaches involved changing both the tool and the tool-holder, in a similar manner to cur-
rent practice with CNC machining centres. This system also imposed restrictions owing to the rela-
tively high weight and size of the tool-changer, which meant that its load-canrying capacity was lim-
ited. Even where a tool magazine is present (i.e. in the case of machining and tuming centres) its
capacity is rapidly exhausted, so that fully-automatic operation over a prolonged period is not possi-
ble. Further, the multitude of geometries and clamping systems necessary causes impossible de-
mands on an automatic tool-changer, and the problem is exacerbated further by the fact that index-
able inserts may not be suitable for all machining operations. A completely different approach is nec-
essary for automatic tool-changing systems if these disadvantages are to be overcome.

Before we discuss some of the quick-change systems found today, it is worth mentioning
that many machine-tool manufacturers can offer extra-capacity tool magazines holding more
than 300 tools in certain instances. So one might rightly ask "'Who needs quick-change tooling
when such machines have their own built-in storage and quick-change mechanisms?' This is a
valid-point, but a high financial outlay is required for these exira-large magazines, and even
then only a finite amount of tooling can be accommodated whose variety is reduced consid-
erably when the 'sister-tooling' approach® is adooted.

*With the sister-tooling approach, there is  least aEuﬁﬂcﬁ;ﬂ‘ngW
tools within the magazine. Once the first of telparnbtpoig i ﬂgaﬁﬁﬁm it utting
life, it is exchanged for its 'sister' and will notbe ealled unon again dunhd HeisHTaieHmater ¢
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Task 3: Find in the text English equivalents to the following word-combinations.

aBTOMAaTNYECKas 3aMeHa NHCTPYMEHTa
TNaBHbIA HEAOCTATOK

MEXaHU3M NS 3aMEeHbl

Apyrvie nopxogs

BBOAWUTbL OFPaHUMEHUst

OTHOCUTENLHO BoribLLoi BeC
TONHOCTLIO aBTOMATU3UPOBAHHas paboTa
JONTMIA Nepuog,

. CUCTEMb! 32X1Ma

10. npoM3BOANTENb CTAHKOB

11. 6onbluue hUHaHCOBbIE 3aTpaThi

12. 3HA4UTENBHO COKpaLLEHO

ORNOO AW =

Task 4: Insert the missing words in the sentences.

Their initial steps towards ... tool changing were made a decade or so ago.
One early solution ... changing the indexable insert itself.

This systems also ... restrictions.

Fully-automatic operation over a ... period is not possible.

Indexable inserts may not be ... for all machining operations.

A high financial ... is required for these extra-large magazines.

2 el

Task 5: Put the words in the correct order to make a statement or a question.

. Involve, did, solution, what, one, early?

. Design, in, the, was, changer, complex?

. Turning, applications, limited, what, was, long-run, to?

. Impose, this, restrictions, did, system?

. Suitable, indexable, may, be, not, inserts, all, for, operations, machining.
. Hold, more, can, tool, than, magazines, tools, 300.

AN WN —

Task 6: Say if the following statements are true or false according to the fext.

The main advantage with this was that the changer was complex in design.

Other approaches involved changing either the tool or the tool-holder.

The multitude of geometries and clamping systems are the reasons of impossible
demands on an automatic tool-changer.

To overcome these drawbacks a different approach is necessary for automatic
tool-changing systems.

6. Many machine-tool producers can offer extra-capacity tool magazines.

IS

Task 7: Put the following sentences in the logical order according to the text.

Cutting-tool manufacturers have been slow in developing quick-change tooling systems.

1. The multitude of geometries and clamping systems causes impossible demands on an

automatic tool-changer.
Machine-too! manufacturers can offer extra-capacity tool magazines.
Other approaches involved changing both the tool and the tool-holder.
One early solution involved changing the indexable insert itself.
A high financial outlay is required for these extra-large magazines.
A completely different approach is necessary for automatic tool-changing systems.

SR wN



Task 8: Speak on the following points.

1. The development and production of quick-change tooling systems.

2. The system imposes some restrictions.

3. The multitude of geometries and clamping systems causes impossible demands.
4. Many machine-tool manufacturers can offer extra-capacity tool magazines.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions.

1. Did one early solution involve changing the indexable insert itself?

2. What was the system’s main drawback?

3. May indexable inserts be suitable for all or some machining operations?
4. What is necessary for automatic tool-changing systems? ’
5. A high financial outlay is required for these extra-large magazines, isn't it?

Unit7
Task 1: Pronounce the following words correctly. Learn them by heart.
effort - ['efal]- ycunue :
reduction - [r'dAkn}- cruxenme
conventional ~ [kan'venfani}- oBbiuHbIiA
benefit - ['benifit]- Buiroaa, nonk3a
to gain - [gein}- nonyuars, gocTuratb
initial — [*'nifi}- HavanbHbIt .
maintenance — [meintanans} - cofiepxanme u Tex. obcnyxusaHue
management ~ [maenidsmant] - yMeHie BnazeTo (MHCTPYMEHTOM)
. to deal{with) - [di:l] - paccmartpusats Bonpoc
10. approach — [o'prautf] - nogxon
11.to overcome — [,suva'kam] - npeogonets
12.inventory ~ ['invantri}- uHBeHTapb
13.flexible - [fieksabl]- mbkuit
14. requirement — [ri'’kwaismont] - Tpebosanue
15.10 occur — [a'ka:] - BCTpeHaTLCA
186. similar — {'stmala] — noaebHbIA, NOXOXMit
17. survey — [so've1] — ocmoTp, obcnepoBanine
18.to commission — [ka'min] - BbinONHATS
19.to load - [loud] - rpyauTh, Harpyxatb
20. set-up ~ ['setap} - ycTaHoBka
21.1o gauge - [getd3] - uamepatb
22 failure - [fellja] - oTkas 8 pabote
23.complete - [kam'ph:t}- nonHbIi
24. shift ~ [ift] - cmena, yepeaosanme
25.to relate — [n'leit] - oTHOCUTLCR
26.to amount ~ [o'maunt] - cocTasnaTb {CyMMY), paBHATBCA
27.to advise - [od'vaiz] - coeToBaThL
28. significant - [sig'nifikant] - BaxHbIA
29, to improve ~ [im'pru:v] - ynyswars(cs)
30.to eliminate - [ilimineit] - ycrpanst
31.to incorporate — [in'k> : pareit] - ucnone3osath
32.to accrue - [o'kru:] - nosBRATHCA
33. application =[,zepl'kefn] - npumenenme
34. pay-back - [peibak]- okynaemocTs

OPINDO N
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Task 2: Read the text.

The machine-tool builders have spent much effort on reductions in the non-productive cut-
ting time with conventional quick-change tools situated in magazines or carousels, by reduc-
ing their 'cut-to-cut' tool-change times. Another area where much benefit has been gained is
in the initial tool set-up and maintenance of cutting tools.

So far, this chapter has dealt with early methods of quick-change tooling and the machine-
tool builders' approaches in overcoming the problem. So why does one need modular quick-
change tooling? The reason for using modular quick-change tooling systems on machining
centres has been to standardise and thereby reduce tooling inventories, whilst at the same
time making them more flexible to the cutting requirements that occur during a production
run, Now that turning centres are used with a driven tooling facility more often than not,
their requirements for modular tooling are similar to those of machining centres.

The well-documented survey commissioned in the eary 1980s by the US Govemnment, the Ma-
chine Tool Task Force Study, found that medium-volume manufacturing companies that used typical
machine tools were doing productive cutting for only about 11% of the time. The non-productive time
was taken up by such activities as loading and -unloading (6% of the total time), changing tools
{10%), set-up and gauging (10%), equipment failure {8%) and last, but by no means least, the in-
complete use of shifts (55%). Thus the study illustrated that the times for activities related to cutting -
tools, namely the tool-changing and set-up and gauging times, amounted to at least 20% of the ma-
chine tool's available time. Therefore the cutting-tool companies advise users to focus their attention
on reducing the times for these non-productive operations, as this will significantly improve the effi-
cient utilisation of the machine tool over the working day.

It can now be seen that significant reductions in the machine tool's non-productive time can
be made by eliminating, or at the very least minimising, the down-time associated with using
cutting tools, If a company incorporates quick-change tooling systems on its machining and
turning centres, great productivity benefits will accrue with relatively short pay-back peri-
ods. This is the basis for the discussions in the next sections, which will first consider the
tooling requirements of tuming centres, and then the applications of modular quick-change
tooling on machining centres.

Task 3: Find in the text English equivalents to the following word-combinations.

1. NPUNOXUNK MHOTO YCUIUA

2. 06bi4Hble MHCTPYMEHTHI BLICTPON 3aMeHb!
3. yctaHoBKa W TeXHUYecKoe obCIyXMBaHME
4. paccMaTpuBaeT NepeoHavansHbie Cnocobs!
5. nyTu pewenus 3101 npobnems!

6. caenatb ux bonee mMbkumm

7. BO3HUKAIOT B NMpOLECCe NpoM3BO/CTBA

8. HenpoayKTMBHOE BpEMA

9. ycTaHoBKa v U3MepeHue

10. otkas 8 pabote obopyaoeaHmus

11. cocraenano, o KpaiHei Mepe

12. 3HaYUTENLHO YNYHIKUT

Task 4: Insert the missing words in the sentences.

1. The machine-tool builders have spent much effort on ... in the non-productive cutting time.
2. Another area where much ... has been gained is in the initial too! set-up.

3. This chapter has dealt with the machine-tool builders’ ... in overcoming the problem.
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4. The cutting-tool companies ... users to focus their attention on reducing non-productive operations.
5. This will improve the efficient ... of the machine tool over the working day.
6. Great productivity ... will accrue with relatively short pay-back periods.

Task 5: Put the words in the correct order to make a statement or a question.

Are, quick-change, used, systems, tooling, tooling inventories, to reduce?

Used, are, tooling, turning centres, facility, a, driven, with?

Requirements, similar, modular tooling, are, their, those, machining centres, of, to, for.
Tuming centres, now, used, are, a, driven, with, facility, tooling.

Non-productive, the, taken up, time, was, by, and, unloading, loading.

Periods, will accrue, productivity, great, benefits, pay-back, with, short.

DW=

Task 6: Say if the following statements are true or false according to the text.

1. Much benefit has been gained in the initial tool set-up and maintenance of cutting tools.

2. Modular quick-change tooling systems are used to reduce tooling inventories.

3. Turning centres are seldom used with a driven tooling facility.

4. Manufacturing companies that used typical machine tools were doing productive cutting
for 20% of the time.

5. The times for activities related to cutting tools amounted to 30%.

6. Quick-change tooling systems on machining and turning centres will give great
productivity benefits.

Task 7: Put the following sentences in the logical order according to the text.

1. If a company incorporates quick-change tooling systems great productivity
benefits will accrue. ,

2. Modular quick-change tooling systems are used to reduce tooling inventories.

3. The companies that used typical machine tools were doing productive cutting for about
11% of the time. '

4. The machine-tool builders have spent much effort on reductions in the non-productive
cutting time.

5. Much benefit has been gained in the initial tool set-up and maintenance of cutting tools.

6. Now turning centres are often used with a driven tooling facility.

Task 8: Speak on the following points.

1. The machine-tool builders have spent much effort on reduction in the non-productive
cutting time.

2. The reason for using modular quick-change tooling systems.

3. The cutting-tool companies advise users to reduce the times for non-productive operations.

4, The efficient utilization of the machine too! over the working day.

Task 9: Discuss the content of the text in the form of a dialogue. Use alt types of questions.
Have they spent much effort on reductions in the non-productive cutting time?

What has this chapter dealt with?

Does one need modular or conventional quick-change tooling?

What is used with a driven tooling facility?

The requirements for modular tooling are similar to those of machining centres, aren’t they?

PN
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Unit 8
Task 1: Pronounce the following words correctly. Learn them by heart.

1. cutter [kata] — pexyiumit UHCTPYMEHT

2. range - [reind3] - coepa

3. to extend - [iks'tend] - ebiTArMBaTL

4. shank — [[zenk] - pyuKa, pykosTka

5. lathe - [Jle1d] — TokapHbIi cTaHok

8. fo bore - [b>:] - ceepnuTs

7. toload - [laud] - Harpyxats

8. manual - 'meenjual] - pysHoii

9. to probe — [praub] - ccnegosars

10. to sense - [sens] - yyBCcTBOBATHL

11. condition — [ken'difn] - ycriosve

12. to recoup - [’ku:p] - BepRYTL

13. simultaneous - [siml'teinias] - ogHoBpeMeHHbIMA
14. overall - ['suvar>:l] - nonHbii, obLwi

15. to rotate - [rau'teit] - BpaiyaTecs

16. to mill - [mif] - obpabareiBaTh Ha cTaHKe, ppesepoRaTh
17. totap - [taep] ~ HapesaTb BHYTPEHHIOK pe3bhy
18. to drill - [dnil]} - ceepnuTh

19. to eliminate - [I'imnent] - ycTpaHsats

20. to save - [seIv] - akoHOMMTL

21. to purchase - ['pa:t{as] - nokynars

22. tojustify — [d3ashfar] - nogTeepxaats

23, tovary - ['vear|] — pasHuTLCA, PacXoaUTLCS
24, to provide - [pra'vaid] - oBecneuusarb

25. torepeat - [n'pi:t] - nosTopATL

26. to ensure - [in'/>] - o6ecneuvsats

27. -respective - {r'spektiv] - cooTBeTCTBEHHBIN
28. to mount - [maunt]- ycranasmeatb

29. carriage — ['keend3] - kapetka, cynnopt

30. turret - [tArot] - 6aiwHnA

31. release - [n'lis] - pasvepuHerne

Task 2: Read the text.

Tooling Requirements of Turning Centres

Of all the machine tools that use single or multi-point cutters, the tumning centre has un-
dergone the greatest changes. The range extends from the earlier basic CNC lathes, with
conventional square-shanked tool-holders and round-shanked boring-bars that are
loaded manually by the operator, to the very latest turning centres, with features such as robot
part loaders, flexible work holding, quick-change tooling, tool-wear probing, work-gauging
systems and equipment to sense tool condition.The latest machines, where some or all of
these features are fitted, cost a considerable amount of money. In order to recoup the finan-
cial outiay as fast as possible, they must increase the productive cutting time, whilst simulta-
neously reducing the direct labour costs. It is often this latter aspect, of labour-cost reduction,
which becomes the most attractive cost-saving item, as this is always a large component of
the overall manufacturing costs in any factory.
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If a company specifies a turning centre with a rotating tooling facility (sometimes called 'driven tool
ing), which is held in the turret along with the usual tooling, the programmer will be able to program
secondary operations such as light milling, tappiné;, drilling etc. to be carried out in a single set-up;
this is known as 'one-hit machining'. These secondary machining operations may even eliminate the
need for work to be carried out after tuming-by a machining centre, for example; this gives a further
saving in production time which is related to cost by reducing the work-in-progress and minimising
the need to purchase or utilise a second machine tool. _

The previous paragraphs have justified the need to use quick-change tooling and turning
centres. There now follows a review of popular systems used extensively throughout the
world, some of which can be categorised into two types: cutfing-unit systems and tool-adaptor
systems. The two systems vary in their basic approach to quick-change tooling and whether they
are designed to be used on machining or tuming centres separately, or for a more universal ap-
proach. The cutting-unit system is commonly known as the 'Block tool' system (Fig 2.1); it was the
first to be developed by a leading cutting-tool manufacturer. This system is based on a replaceable
clubhead for a square-shanked tool-holder; the coupling provides radial repeatability to within
+0.002mm. This high level of repeatability is necessary in order to minimise the coupling's effect
on the diameter to be tumed. To ensure that the forces generated whilst cutting do not deflect a
Block tool, a clamping force of 25kN is used. The clamping may be done in a number of ways;
manually, semi-automatically or automatically, as shown in Fig. 2.1b, ¢ and d respectively.
The clamping force is most commonly provided using a certain number of spring washers,
which are preloaded to provide a reliable clamping force; the cutting units are released by
compressing the washers so that the draw-bar can move forward. In the automatic clamping
system, a small hydraulic cylinder mounted on the carriage behind the turret causes the
draw-bar release, activated by the CNC.

Task 3: Find in the text English equivalents to the following word-combinations.

nogeepres 6oRbILMM N3MEHEHUSIM
3aMpPaBnseTcs BPY4HYIO ONEepaTopom
0BGopyaoBaHMe ANs onpeaeneHns cocToaHNs pesua
CTOST gopore

KaK MOXHO BbicTpee

NPOAYKTUBHOE BPEMS Pe3kv

onepatuu BTopudHoit 06pabotku
MHTEHCMBHO UCTIONL3yeMble BO BCEM MUDE

. AnA 6onee obLLero UCNonb3oBaHUsA

10. BLICOKUIA YPOBEHb MOBTOPSEMOCTY

11. HeckonbKumu criocobamu

12. 4yTo6b! 0becneumnTb HapEXHOe 3akpenneHue

Task 4: Insert the missing words in the sentences.

. The tuming centres has ... the greatest changes.

. The latest machines cost a ... amount of money.

. The paragraphs have ... the need to use quick — change tooling and turning centres.
. The two systems ... in their basic approach to quick — change tooling.

. The coupling ... radial repeatability to within £0.002 mm.

. The ... may be done in a number of ways.

OCoOoNIN W=
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Task 5: Put the words in the correct order to make a statement or a question.

1. Extends, earlier, from, the, CNC, basic, lathes, range, the.
2. Amount, what, money, a, costs, of, considerable?
3. Productive, they, increase, the, time, must, cutting.
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4. Secondary, to program, will, the, be able, operations, programmer.
5. Saving, a, time, in, this, further, gives, production.
6. Cutting, the, units, washers, the, released, are, compressing, by.

Task 6: Say if the following statements are true or false according to the text.

The latest machines are cheap.

They can't increase the productive cutting time.

These secondary machining operations may efiminate the need for work after turning.
The popular systems used extensively throughout the world are of five types.

This system is based on a replaceable club head.

The cutting units are released by compressing the washers.

S~

Task 7: Put the following sentences in the logical order according to the text.

The programmer will be able to program secondary operations.

The cutting — unit system was the first to be developed by a leading cutfing - tool manufacturer.
The clamping may be done in a number of ways.

The range extends from the earier basic CNC lathes to the very latest turning centres.
Now follows a revive of popular systems used extensively throughout the world.

The latest machines cost a considerable amount of money.

SN =

Task 8: Speak on the following points.

1. The tuming centre has undergone the greatest changes.

2. The programmer will be able to program secondary operations.
3. The popular systems used throughout the world.

4. The clamping may be done in a number of ways.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions.
Has the turning centre undergone the greatest changes?

How are boring-bars loaded by the operator?

Do they cost much or little money?

What is a large component of the overall manufacturing costs?

This gives a further saving in production time, doesn’t it?

el ol

Unit9
Task 1: Pronounce the following words correctly. Learn them by heart.

to mention [men/n) - ynomunars
accuracy [akjurasi) — TO4HOCTb

mode [moud] — cnocob

to consider [kan'sida] — paccmatpusats
precise [pri'saiz] — TouHbIA

holder ['haulds] — aepxarens

to achieve [2't/i:v] - nocTurats

to slip [slip] - ckonb3auTL

above [o'bAv] - HaBepx

CoOoNSOEWN =
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10. coupling {kApling] - cuennexue

11. firm [fo:m] kpenkui, ycToN4UBLIA

12. to support [so'p»:t]— nopnepxwsars

13. tangential [teen'd-enfal] — TaHreHumanbHLI
14.to seat [s1.f] pacnionararb

15. to pull {pul] - TaHyTL

16.rigid ['rid:«d] — ecTrmis, HerHywmitcs
17.load {loud] — Harpyska

18.to offer [~fa] - npegnarartb

19. bonus {baunas} — npemus

20.to reduce [r'dju:s] - ymeHbLaTh

21 fatigue [fs'ti:g} - ycranocts v

22 to store [st>] — xpaHuTs, BMEWaATL

23.to allow [2'lau] — nossonsTs

24 to retrieve [r1'tri:v] — BepHyTb, B3sATL 0bpaTHO
25.to appreciate [o'pni:fien] — ouenmsars

26. value ['veelju:] - yerHocTs

27.comparison [kam'paerisan] — cpasHeHue
28. involvement [in'volvmant] — Bimoverve
29.to change [tfeind:] - mensTs

30.to secure [sr'kjus] ~ 3akpennsTL

31. maintenance [meintanans] — akcrinyarayus
32. data [deits] - panHble

33. mix [miks] — cmeumBats

34. batch [baet]] - naptus

35. actual ['aektjusl] — peiAcTauTentHLIR

36. to assume [2'sju:m] — npeanonarats

37. average ['eevartds] — cpepHuit

38. quantitive [kwontativ] - konuuecTseHHbIR

Task 2: Read the text.

So far we have mentioned accuracy, the clamping force and modes of releasing the Block
tool; we now consider how the tool's precise location in its holder is achieved. The Block tool is
located by the following process: the cutter unit slips in from above the coupling to rest firmly
on a supporting face on the bottom of the clamping device; this supports the cutting unit tan-
gentially during the cutting operation. Once the cutting unit is seated on the bottom face, the
draw-bar is activated - either manually, using a key, or automatically by the hydraulic unit- to
pull the cutting unit against a face; this makes a rigid and stable coupling that is easily able to
support the loads produced during cutting. Both internal and external cutting units can be sup-
ported in this manner, as shown in Fig. 2.1 and f respectively.

A major advantage of all modular quick-change systems is the easier and quicker tool changing
they offer, producing shorter cut-to-cut imes. There is the added bonus of reduced operator fatigue,
since tool handling - particutarly of the heavy tools - is now a thing of the past with the manual and
semi-automatic tool-changing methods. As a result of the smaller size of the modular todls, they can
more readily be stored in a systematic manner, which allows them to be more efficiently located and
retrieved from stores, as well as minimising the tool-stock space.
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Fig. 2.1 The Block tool system (Courtesy of Sandvik (UK) Ltd.)

The advantages of the manual Black tool system over conventional tool-holders and their tool
blocks, can be more fully appreciated through the following example. The numerical values in
the table form the basis of the comparisons. The anes in the lefthand column are typical of any
tuming centre where there is manual involvement in tool changing, securing and maintenance.

Operation Conventional Block tool

tool-holder system
Setting-uptime (minutes) ' 30 15
Tool-changing time (minutes) 3 1
Measuring-cut time (minutes) 5 0

This data can now be applied to the practical situation of a mixed production of small batches
of tumed components, where the actual cutting time is 15 % of the total machine-shop time.
Assume that an average of 30% of the tools needed measuring cuts (e.g. diameters meas-
ured, etc.), that 200 set-ups were required per year on the machine, and that some 1580 tool
changes were needed during the year. So for these production parameters, the quantitive
benefits of using the modular quick-change tooling system are as follows:

+ The difference in the setting-up times is

15 X 200 = 3000 minutes per year
« The difference in the tool-changing times is
2 X 1580 = 3160 minutes per year

« The difference in the measuring-cut times is

15;*39 x 5= 2630 minutes per year

26



i} intaenat

Task 3: Find in the text English equivalents to the following word-combinations

YNOMAHYTb O TOYHOCTY

TOYHOE pacnosioXeHne UHCTPYMEHTa
BHU3Y 3@XWUMHOIO YCTpOMCTBa

8 npolecce pesku

XECTKOE U NPOYHOE CoeanHEHME
YAEPKUBATDL Harpy3ku

BHYTDEHHUE 1 BHEILIHUE pexyuiie bnoky
MEHblien YTOMIAEMOCTY ofieparopa
nonyasToMaTU4eCKue Crnocobbl 3aMeHs! MHCTPYMEHTa
10. 6onee nonHo OleHeHo

11. ynchposble paHHble B Tabmuue

12. 3ameHa MHCTPYMEHTa BPYuHYIO

OCENDRPN

Task 4. Insert the missing words in the sentences.

The block tool is ... by the following process.

The draw - bar is ... either manually or automaticatly.

This makes a rigid and ... coupling.

Both internal and external cutting units can be ... in this manner,
There is the added bonus of ... operator fatigue.

They can more readily be ... in a systematic manner

S~ wN =
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Task 5: Put the words in the cotrect order to make a statement or a question.

1. Cutter, slips in, above, from, coupling, the, unit, the.

2. Supports, unit, the, what, cutting?

3. Activated, is, the, or, the, cutting unit, draw-bar?

4. Rigid, does, make, it, a, and, coupling, stable?

5. Extemnal, be supported, cutting, can, both, intemnal, units, and.
6. Stored, they, readily, more, be, can.

Task 6: Say if the following statements are true or false according to the text.

The cutting unit is seated on the top face.

The coupling is able to support the loads produced during cutting.

Only internal cutting units can be supported in this manner.

The draw-bar is aIwa?'s activated manually.

A Ir1najo_r advantage of all modular quick-change systems is the easier and quicker tool
changin

Modul%tr tgools can't be stored in a systematic manner.

A S ad i

Task 7: Put the following sentences in the logical order according to the text.

1. Small modular tools are more efficiently located and retrieved from stores.

2. Alt modular quick-change systems offer easier and quicker tool changing.

3. The draw-bar is activated to pull the cutting unit against a face.

4. The manual and semi-automatic tool-changing methods are things of the past.
5. The cutter unit slips in from above the coupling.

6. We now consider how the tools precise location in its holder is achieved.

Task 8: Speak on the following points.

1. The precise location of the Block tool.

2. A major advantage of all modular quick-changing systems.

3. Manual tool handling is a thing of the past.

4.The advantages of the manual Block tool system over conventional tool-holders are cbvious.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions,

Is the tool's precise location in its holder achieved?

. How s the Block tool located?

. Is the coupling able to support the loads or other units?

. What is now a thing of the past?

. The moduiar toals can be stored in a systematic manner, can't they?

BN =

Unit 10
Task 1: Pronounce the following words correctly. Learn them by heart.

fo increase [in’kri:s] - ypenuuusars

to link [lnk] ~ coepuHaTs

workpiece ['wo:k,pi:s] — paboyas petans

to handle fhaend!] - ynpasnsrs

supervision [su:pa'vi-n] — HaR30p, KOHTPONbL
aim [erm] - uenob

stoppage ['st>ptd:] - 3acoperue

to set [set] - ycTaHaBnuBarh

NN~



8. to occur [o'ks:] - BCTpEUaTHCA

10. according to [a'k>:din tu:] - cornacHo
11. pattem {'paetn] — obpasey

12, shift [[iff] — cmena

13. 1o preset jpn'set] - ycTanasnueath
14. schedule [fedju:l] - pexum

15. environment [in'vairanmant] — okpyxarowas cpega
16.to assure [2'fus] ~ obecneumsars
17.to utilise [fju:tilaiz} - ncnone3sosarb
18. to confirm [ken'fa:m] - nogaepxueath
19. trigger ['triga] — 3awénka

20. to probe [praub] - uccnegosarb

21 further ['fo:85] — nanbHeitwmi

22. aid [erd] — nomowb

23.to ensure [iIn'/>:] - obecneunsarb
24.to perform [pa'f>:m] — BLNONHATL
25.to eliminate [Iimineit] - ycTpaHaTs
26. critical [kritikl] — usHoweHHbI

27. wear [wes)] — U3Hoc

28.to expect [Ik'spekt] — oxuaath

29.to raise [reiz] - nosbiwars

30.to lead [li:d] - npvBoauTs

31. obvious ['>bvias] - oueBUaHbIA

32.to gain [geIn] — nony4arb

33.to justify ['d:Astifai] - obbACHATL

34. expenditure [iks'penditfs] - pacxon
35.degree [di'gri:] - cTenexb

36. particular [pa'tikjuls] — ocobeHHbIA
37.true [tru:] BepHbiA

38. to complicate [komplikeit] - ycnoxHaTe
39. to require [r'kwais] - TpeboBarb

Task 2: Read the text.

Today, large batches, and even mass production, are increasingly performed in Ylinked' tum-
ing centres with automated workpiece handling and process supervision. The aim is to limit
operator involvement and for stoppages for tool changing and setting to occur according to an
organised pattemn, so that they usually happen in between shifts, or at the scheduled stops.

Using the Block tool system, say, tool changes can be organised and made very efficient,
especially so when the tool changes are semi-automatic. The cutting units are small, light and
easily organised for tool changing. They can be preset outside the machine environment, and
their accuracy is assured by the precise coupling to the holder. Also, ‘intelligent’ tooling can be
utilised using coded or numbered cutting units, which allows the operator to change some or
all of the tools in a turret in a very short time. The settings of these new preset tools can
quickly be confirmed if touch-trigger probes are present, so they further reduce tool-changing
down-time. These tooling aids also minimise the operator's activity and ensure that it is per-
formed correctly, so eliminating the risk of mistakes being made during hectic machine stopp-
ages. Another benefit of using quick-change tooling is that, as the time to change tools is very
short, it may be possible to make unscheduled changes of critical tools if, for example, their
wear-rate is unexpectedly high. This will raise the cutting performance, which in tum will lead
to a more economical utilisation of each machine during large-batch production.
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Where a company is involved in large-batch or mass-production runs, it is obvious that con-
siderable savings can be gained by reducing the non-productive cutting times, and it might

I %qeata ‘a&gm aﬁ%

1 An accurate and stable coupling
2 Small llghl cutting units
3 by

devicea

4 At and tool mag
5 Feood- erconmwmm
probes for ing of tool and
wo'kpim

7 External and intemal tools

Fig. 2.2 Faatures of the Block tool
systam for turring centres (Courtesy
of Sandvik (UK) Ltd.)

seem that this is the
only production envi-
ronment that can justify
the extra expenditure
for these tooling sys-
tems. This is not the
case; companies produ-
cing small batches or
one-offs can also gain,
fo a lesser degree,
from an efficient quick-
change tooling system.
This is particularly true
when machining fami-
lies of similar compo-
nents, or where there is
a complicated machi-
ning requirement on
one-offs.

Task 3: Find in the text English equivalents to the following word-combinations

8CE GOMNbLIE RPOU3BOAAT
asTomarudeckan obpaborka peranu
06bI4HO NPOKUCXOAAT B “epecmeHke”

MOXHO YCTaHOBUTb BHE CTaHKa
TOYHOE NPUCOEAUHEHHE K AiepKaTenio
NPOHYMEPOBAHHLIE PE3Libl

CoONO LN =

nonyastoMareckan 3ameHa UHCTpyMeHTa

COKpaLal0T BpeMA 3ameHbl UHCTPYMEHTA
obecneunBaloT NPaBUNLHOCTL BLINONHEHUS

10 BHENNaHOBasa 3aMeHa UHOLWEHHbIX UHCTPYMEHTOB

11. cTeneHb U3Hoca oveHb bonblas

12. boree 3KOHOMMYHOE UCNOMNL30BaHWE KAXOro CTaHKa

Task 4: Insert the missing words in the sentences.

1. Large bafches are ...

3. Tool changes can be ...
4, The ...
5. Theycanbe ...
6. They further ...

in “linked” turning centres.

. 2. They usually happen in between shifts or at the ...
and made very efficient,
units are small, light and easily organised.
outside the machine environment.
tool — changing down-time.

stops.

Task 5: Put the words in the correct order to make a statement or a question.

1. Involvement, aim, to limit, the, operator, is.

2. Do, happen, usuaIIy, when they’?
3. Efficient, what, very, be made can?
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4. Precise, what, the, coupling, is assured, by?
5. Utilised, tooling, be, “intelligent”, can.
6. Batches, producing, can, gain, also, companies, small.

Task 6: Say if the following statements are true or false according to the text.

Large batches are performed in “linked” turning centres.
The aim is to expand operator involvement. »
Tool changes can't be made very efficient.

Their accuracy is assured by the precise coupling.

The operator changes the tools in a turret in a very short time.
They further shorten tool ~ changing down - time.

S =

Task 7: Put the following sentences in the logical order according to the text.

It may be possible to make unscheduled changes of critical tools.

Tool changes can be made very efficient.

The aim is to limit operator involvement. )

Considerable savings can be gained by reducing the non-productive cutting times.
They usually happen in between shifts.

The cutting units can be preset outside the machine environment.

S

Task 8: Speak on the following points.

1. Turning centres have automated workpiece handling and process supervision.
2. Tool changes can be organised and made very efficient.

3. The time to change tools is very short.

4. Companies can gain from an efficient quick-change tooling system.

Task 9: Discuss the content of the text in the form of a dialogue. Use all types of questions.

Do they happen between shifts?

“How can tool changes be made very efficient?

Can they be preset outside or inside the machine environment?

What allows the operator to change tools in a turret in a very short time?
These tooling aids minimize the operator’s activity, don’t they?

bk oy

Supplementary Reading

Text 1.

A frequent problem is that of insufficient tool storage on the machine tool, particularly on single-
turret tuming centres, and quick-change tooling is often the answer in these circumstances. Using
the semi-automatic Block tool system, say, extends the turret capacity with minimal loss of produc-
tive cutting. Replacing a new cutting unit simply requires the operator to fift out the old unit and push
in another; optional stops can be programmed into the CNC. Presetting the tooling, in conjunction
with the repeatability of the coupling between the cutting unit and the holder, ensures that the cutting
edge is correctly positioned in relation to the workpiece. Therefore, the operator no fonger needs to
adjust the machine when changing the workpiece for different configurations.

Some figures to reaffirm the company's decision to use quick-change tooling on conventional
machines, for the particular case where heavy or large tooling was previously used (e.g. on
turret or capstan lathes), are that the average time to change the old-style tools would have
been about five minutes using square or round-shanked tooling, whereas with quick-change
manual-clamping tooling it is less than 50 seconds. One company that used this method saved
up to 84 minutes a day in reduced down-time, and this cost, when related to the machine's
running cost, worked out at a saving of £38 per day. The total savings per year more than paid
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for the investment required in purchasing the quick-change tooling system, which could be
used on other work without extra cost, ensuring even greater profits later!

In spite of alf this convincing evidence in favour of quick-change modular tooling, some pes-
simistic production engineers may still remain sceptical as to the advantages to be gained from
such expenditure. Another factor, which might be of even greater importance, could be that the
company simply cannot afford the luxury of purchasing a complete tooling system. In either of
these cases some caution may be advisable before a company becomes fully" committed to
purchasing such a system. in such cases, the solution might be to purchase just a few quick-
change units, for a specific medium-sized batch, and later appraise the situation in terms of the
likely productivity increases and the operators' experiences. In this manner only a relatively
small financial outlay will be necessary and the company will not become too disenchanted if
the results are unfavourable owing to some extraneous circumstances beyond its control.

The discussion so far has basically concemed just one system - the cutting-unit method, typified by
the Black tool system. The tool-adaptor systems tend to be more diverse in their approaches to
modular quick-change tooling. Typical of this design philosophy is the KM system, which was devel-
oped out of the experience gained using the original KV system. The system is diagrammatically
represented in Fig. 2.3. The next section discusses how this system was designed and how it oper-
ates, highlighting the benefits of its application in the metal-cutting industry.

Text 2.

Prior to designing a new quick-change tooling system, a number of key decisions had to be
made. The basic criterion of the system's configuration for use with turning, boring and rotating
tooling required that it be round and on the centre-line. Also, for ease of tool changing and ac-
curacy in the radial direction (X-axisz, a tapered shank was necessary. So that an equal accu-
racy occurred in the axial direction (Z-axis), there was a face contact requirement (Figs. 2.3b
and 2.4c). The cutting-edge height was deemed to be a less critical dimension and a reason-
able tolerance was allowed here, which would give good results for the great majority of metal
cutting operations using modular quick-change tooling. Together, these design criteria gave
the following requirements B
for repeatability:

l':.',@

+Axial tolerance =

i00025mm (% Bal-jock mechanism
*Radial tolerance =
+0.0025mm. e b e
*Cutting-edge height = = =
£0.025mm, B ESER~ Y
|| do=
2d& %&
=pjloee
(&) Modular lathe tooling systerm (] Modmvnwmmntooﬁ:wmm

32 Fig. 2.3 The KM tooling system (Courtesy of Kennametal (UK) Ltd.}



Quick-change turning-centre tooling installations are in the ‘intermediate’ size range, and are
capable of handling tangential cutting loads of 12 0600N. With this load requirement, the cutting
unit closely approximates to a 32mm square-shanked tool-holder, and this is the KM's smallest
size, as shown in Fig. 2.4d. However, when a review of the dimensional envelope of machines
of this size was made, it was found that a 40mm round-shanked system was the maximum that
could be accommodated. This size was chosen for the coupling, with adaptors for sizes from
25mm to 80mm for use on turning as well as machining centres.

Once the basic configuration to meet the dimensional and repeatability criteria had been estab-
lished, the'coupling shape could be considered. It was quickly decided to use the male part of the
joint on the cutting-tool unit, as its overhang was the smallest and it was less influenced by deflec-
tions produced by high tangential loads. Another advantage of using a male cutting unit, is that it
provides more protection for the taper and the locking mechanism once the cutting toot is removed.

With the taper's configuration determined, it was then necessary to decide on the method of
achieving contact between the taper and the face. There are two methods of providing this contact:
by providing metal-to-metal contact by holding very close tolerances on both halves of the coupling,
or by designing a small amount of elastic deformation into the assembly. As the male half of the joint
was located on the cutting tool, any such deformation would take the form of an expansion of the
female taper in the ciamping unit. In testing, an optimum performance occurred with a combination of
the pull-back force coupled with the elastic deformation. This resulted in better static and dynamic
stiffness, and was less castly to manufacture than a metal-to-metal configuration.

Text 3.

Once the coupling shape had been established, the locking mechanism could be considered.
This was fully investigated using the latest computer-aided design (CAD) techniques, which
allows information to be quickly transmitted to the manufacturing process without errors. Tech-
niques such as finite element analysis were used on the key components to ensure the correct
strength and durability levels (Fig. 2.4a and b). Extensive life testing was also conducted, to
avoid unexpected failures of the tools in use, which would have been costly.

The locking mechanism used precision-hardened balls to produce a system which has high
mechanical advantage coupled to low frictional losses and is of low cost. The newly-designed
coupling required a mechanism that produced up to 31 000 N locking force, which would fit in-
side a taper with a gauge-line of only 30mm. The ball-lock mechanism used two balls that
locked into holes machined through the tapered shank of the cutting unit, as illustrated in Fig.
2.3a. This configuration allows a 9mm draw-rod to be used to apply the pull-back force. The
holes in the tapered shank, which the balls are seated in, have a machined 55° angle, result-
ing in @ mechanical advantage of 3.5 : 1.

The resulting coupling allows a high clamping force of 31 000 N to be produced by a draw-
rod pulling force of 8 900N. As the draw-rod is pulled back it forces the two balls radially out-
wards, until they lock into the tapered machined holes, as shown in the lock-up sequence in
Fig. 2.3b. Applying a force and pushing the draw-rod releases the balls and at the same time
‘bumps’ the cutting tool to release it from the self-holding taper.

Referring to the lock-up sequence illustrated in Fig. 2.3b again, once the cutting unit is in-
serted in thfemale taper it makes contact at a stand-off distance of 0.25mm from the face. As
the locking force is applied, a small amount of elastic deformation occurs at the front of the fe-
male taper. Once the cutting tool is locked, there is a three-point contact, at the face, the
gauge-line and the rear of the taper, as shown in Fig. 2.4c.

If one compares the coupling's stiffness with that of a solid-piece unit which has been machined to
similar external dimensions (for example, cutting unit and clamping assembly), then when a 12 000N
load is applied to simulate tangential cutting loads to the tool point, the difference in deflection be-
tween them would be of the order of only 0.005mm. Hence, this new modular coupling and its as-
sembly closely approximate to the ultimate rigidity of a solid-piece cutting tool.
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Fig. 2.4 The design of the KM modular quick-change looling system (Courtesy of Kennametal (UK) Lid.)

Text 4.

The holders for this new modular tooling system, easily fit into the VDI (DIN) and VDMA standard
envelopes as shown in Fig. 2.5b. This torque-nut clamping method has a threaded draw-rod which is
engaged by the drive nut. Rotating the drive nut in a clockwise direction will lock the tool; similarty,
counterclockwise rotation will release it. Five tums of the drive nut are required to lock or unlock the
tool, with a torque of 20Nm. The torque-nut designed holders, or 'axial units' as they are often
known, are primarily used for internal machining; right-angled units are used for extemal machining,
with a wedge mechanism to redirect the lock-and unlock force. These right-angled units are carefully
designed so that the mechanical advantage needed for ‘torquing' the nuts remains the same as for
the axial-clamping types. The torque-nut design (i.e. the axial-clamping unit) can be utilised in a
semi-automatic or a fully-automatic installation.
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The disc-spring designed clamping method illustrated in Fig. 2.5¢ also allows for either semi or
fully-automatic application. in this design the disc springs apply the clamping force through an end-
cap which is threaded onto the back of the draw-rod. Pushing on the end-cap releases the cutting
tool. A hydraulic cylinder mounted on the machine-tool carriage, behind the turret, provides the re-
lease force. A force of the order of 20 000N with a stroke length of 6.5mm is sufficient to release the
cutting unit. The disc-spring clamping unit is designed to fitinto the same dimensional envelope as
the torque-nut type discussed earier. Designing clamping systems in this manner allows the ma-
chine-fool builders, who also design turrets, to offer these new modular tooling systems with only mi-
nor modifications to the turret top-plate and the release cylinder.

The last clamping method to be considered is the cheapest to buy and install on tuming cen-
tres. This is the manual clamping unit, which can be easily retrofitted to current CNC ma-
chines. On most existing machines, there is no access to the turret's rear, andin such cases a
front-activating mechanism is necessary. This manual right-angled clamping unit is shown in
Fig. 2.5a. It is applicable on either tuming or machining centres, and is activated by a key at a
right angle to the holder centre-line. Rather than orienting the draw-rod axially, as in the other

(@ Manual clamping unit Unlock. (&) Torque-aut design

&) Disc-spring design

Fig. 2.5 Clamping methods for KM tooling (Courtesy of Kennametal (UK] Ltd.)

two designs, in this design the draw-rod is tumed through 90° to the centre-line of the cou-
pling. It is pushed, not pulled, to lock the coupling, using a differential screw connected to a
threaded draw-rod. As this draw-rod cannot 'bump’ the cutting too! to release it from its taper, a
wedge, which is activated when the draw-rod's differential screw is reversed, performs this
function. Four turns are needed for the differential screw to lock and unlock the tool, with a
torque of 15Nm.

Text 5.

The problems a cutting-tool company has to overcome in designing, testing and developing a
new modular quick-change tooling system have been discussed. Before considering the re-
quirements of machining centres, it is worth looking briefly at the finished product as designed
for a tuming centre, which is illustrated in Fig 2.6. The photograph shows the compact nature
of the cutting units for external and internal machining. The short self-holding taper and the
ball-locking holes can also be seen, the function of which was discussed earlier in this section.
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Fig. 2.6 KM modular quick-change
fooling (Courtesy of Kennametal
| (UK) Ltd)

Fig. 2.7 KM modular tooling in action
(Courtesy of Kennametal (UK) Ltd.}

Fig. 2.7 shows the actual cutting unit during a cutting cycle; it can be appreciated how sturdy
the assembly is and that the cantilever effect {i.e. overhang) is reduced to a minimum to give
greater rigidity and improve the dynamic cutting stability.

Fig. 2.8 shows the earlier KV modular quick-change tooling system held in the turret of a
turning centre. The picture highlights how compact tooling is; this is even more true on the lat-
est KM system, and enables a high density of tooling to be situated on a turret. Fig. 2.8 also
shows the diversity of the cutting tools that may be accommodated without fouling each other.
This is often a problem with solid tooling: sometimes tool pockets either side of a large tool
have to be left empty, which clearly limits the turret's tooling capacity.

Yet another tool-adaptor system - the 'FTS' - uses a Hirth gear-tooth coupling, as shown in
Fig. 2.9b. The coupling between the tool cutting unit and the clamping/adaptor unit is by
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means of a Hirth gear-tooth system with a collet, which guarantees a high positioning accuracy
with a near-perfect transmission of torque produced whilst cutting. The clamping method con-
sists of a collet with several clamping elements which open wide, so that the tool cutting unit
does not require
precise posttioning to
be inserted. Once the
cuting unit is
inserted, the clamp-
ing is camied out by
axial movement of
the draw-bar, either
by manual means or
using a torque motor.
The same type of
clamping  amange-
ment can be used for
cutting units with in-
temal or external, right
or lefthand tooling, as
well as tools held at
90° to the axis. Just
some of the range of
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Fig. 2.9 The FT8 system (Countasy of Hertel Interna tional)
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Text 6.

Since machining centres were developed, their tooling requirements have undergone rela-
tively few changes, compared with those of tumning centres, in the search for more productive
cutting time. Their development is typified by the basic configuration of a machining centre with
an automatic tool-changer and a tool-storage magazine, or carousel. In recent times some
. manufacturers have reduced tool-changing times by including a load-and-unload facility on the
tool-change arm. That is, whilst the 'old' tool is still' in-cut, the 'new’ one is selected from the
carousel by the CNC; then the ‘old’ cutter is removed from the spindle and replaced by the
. 'new’ one, in a double tool-holder design. This allows for a faster response to the next ¢utting
requirements of the CNC program.

When one looks at the tool-storage capacity of machining centres, it can be seen that for
several reasons most of them have a less-than-total capacity. This may be due fo one or more
of the following reasons:

» Heavy tooling may be required in. the tool-storage system, and because of the system's
configuration (such as with the chain type of carousel), tools must be widely spaced to keep
the magazine correctly balanced.

+ Large tools might require the pockets adjacent to them to be left empty to avoid the likeli-
hood of them fouling each other. : .

« 'Sister-tooling' requirements might be necessary, i.e. a duplication of all, or most, of the
most commonly-used tools, or those that might be susceptible to breakage or wear. ,

In order to increase the capacity of a tool-storage system whilst simultaneously expanding
the range of tools that can be called upon during a groduction run, modular tooling has been
developed which further extends the machine's capability and versatility.

With some of the advanced systems of modular tooling, the tools can be automatically loaded
from a centralised preparation and storage facility. This requires a complex tool-presetting and
tool-management ability for the retrieval of old tools and their replacement by new ones whilst
the cutting.cycle continues unhindered. More will be said about this in Chapter 4, and some of
the in-cycle tool-monitoring systems necessary to protect the tools, and more importantly the
workpiece, will be discussed in Chapter 3. .

The use of modular tooling systems on machining centres is further justified by the other predict-
able advantages of their use. For example, they provide lighter units for the operator to load and
unload, thus reducing fatigue. The tools are smaller (aithough in a machining centre’s case, not dras-
tically so), which decreases the tool-storage space required and the inventory. Lastly, but possibly
most importantly, tool-changing fimes and the initial set-up imes are reduced considerably. The ar-
guments that were pursued in the discussions of the- advantages of quick-change modular tooling on
tuming centres are equally true for machining centres; me%qare also valid for CNC miilling machines
that do not have the beneftt of an automatic tool-changing faclity.

Text7.

So far the merits of using modular tooling on machining centres have been praised, but what
does a t_mical system look like, and how adaptable is it to most shop-floor production require-
ments? The diagram in Fig. 2.3d answers the first of these questions, showing a typical modu-
lar tooling system for a machining centre. All such systems have been based upon ﬁopular ro-
tating adaptors, such as the V-flange, BT-flange, NMTB and others not specified here. They
are available as modular tooling in six sizes from 25mm to 80mm in diameter in this tool manu-
facturer's range, and have a manual right-angled coupling device.

The rotating modular quick-change tool-holders and cutting units illustrated in Fig. 2.3d will fit
any of the rotating adaptors with the same coupling size. To further expand their versatility , a
range of extensions and reducers can be used; these have the same manual right-angled
coupling as the adaptors and a tapered shank to accommodate a rotating adaptor. These
‘mechanical interfaces' {i.e. reducers and extensions) can be used to assemble cutting tools of
extended length or to attach a small rotating tool-holder to larger-sized adaptors. These exten-
sions and reducers have also been used in tuming-centre applications with modular tooling,
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specifically where there is a need for internal machining or rotating tooling applications. So by
using them'in a modular machining-centre tooling system, a wide variety of cutting configura-
tions can be assembled from a limited tooling inventory.

Recently, two cutting-tool companies pooled their resources to develop the quick-change
modular tooling concept a stage further, whilst at the same time expanding modular tooling's
versatility. The system they developed could be termed a ‘universal’ tooling system; it is sche-
matically represented in Fig. 2.10. This system of modular tooling allows cutting tools to be
shared equally between machining and tuming centres, such that tuming, boring, drilling,
reaming, spot-facing, fly-cutting, face milling, etc. can be done on either machine, provided that
the machine tool is configured accordingly. This has the extra advantage of reducing the tool-
ing inventory still further on top of all the other benefits that accrué from this type of tooling in
terms of enhancements in productive cycle-time. The system is designed around the KM sys-
tem mentioned previously. It may be mounted in the machine spindle of a machining centre, or
in the turret of a turning centre or its derivatives, by using the well-known VDI or ISO, taper-
shanked tool-holders, or it may be mounted directly into adaptors in the spindle or turret.
To enhance the uni-
versal tooling system
even further and en-
sure that the tool is
positively located in
its mating taper, an

electronically-activa-
ted back-pressure de-
vice coupled to the
CNC can be used.
The toolHocking cycle
is shown in Fig. 2.11;
its operation is as
follows:

+ The ‘old' tool is
removed by either the
tool-change arm (on a
machining centre), or
a tool-transfer mecha-
nism {(on a tuming

centre).
Fig. 2.10 The Widallex universal fooling system for turning, rilling, boring and mitling (Courtesy of Krupp . COmpI'eSSEd ar
Widle) purges the female

taper, cleaning out debris from the previous tool's cutting operation.

+ A'new tool is inserted into the holder. Its male taper is cleaned, and it begins to seat itself
in the female taper.

* As itis pushed firmly home to register with its opposing taper, the back pressure is moni-
tored electronically, and a signal to indicate that the seating has occurred is sent to the CNC,
confirming that the coupling is firmly locked.

+ The tool is then ready to begin the next tuming or machining operation.

Quick-change modular tooling of this level of sophistication needs to be coupled to some
form of tool-transfer mechanism to gain the full benefits of its range of machining applications
and speed of operation, and to minimise the pay-back period on its purchase. This will be the
next topic to be considered.
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Fig. 2.11- The tool-locking cycle for
. the Widaflex quick-change modular
tooling using contract-pressure
monitoring of the position of the tool
head (Courtesy of Krupp Widiaj Tool
locked

Cleaning with
compressed air
s

Tool
insertion _

Tool seated and final cleaning

Text 8.

To improve the tool-carrying capacity of conventional CNC machine tools still further, auto-
mated tool-storage devices with tool-handling equipment can be supplied. These units provide
the following benefits:

+ They increase the machine tool's productivity times.

* They significantly reduce the times for changing worn tools.

+ New cutting units are automatically delivered to the machine by the tool-changing system.

» The rotating magazine holder can provide tool-storage capacities ranging from 60 to 240
cutting units,  with up to 24 different types of fool geometries.

* They rrovide storage of the cutting units, which are returned automatically from the ma-
chine tool.

* The integration of these mechanisms onto machine tools can be easily accomplished.

* These systems can cover a wide range of sizes and options to suit most machining applications.

So these are the advantages of installing such Sﬁtems, but how do they achieve such attractive
production advantages, and how do they operate? This will be the subject of the next section.

Text 9.

Automatic tool-changing mechanisms on turning centres

Cutter units can be stored in either a drum or a disc type of storage device. A typical example
of the storage facilities and their automatic tool-changers is shown in Fig. 2.12. If one looks at
the schematic representation of an installation (Fig. 2.12a) in conjunction with Fig. 2.12c, the
method of operation can be simply discemed:

* The rotary tool-changer swivels between the tool magazine and the machine's turret. Each
gripper can rotate through 90°, to deliver tools to the front face of the turret (Fig. 2.12a).

* The tool-changer simultaneously removes the cutting units from the disc magazine and the
turret, then it rotates through 180° (Fig. 2.12c left).

* The new tool is delivered to the turret and accurately positioned in the correct orientation,
whilst the used tool is replaced in its correct turret position, for either re-use or replacement
(Fig. 2.12d right).
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+» The tool-change am is withdrawn from the working area of the machine, and the cutting
cycle commences.

() Schematic of CNC turning machine with e for 2 nging

The di i quires three 10 the turning machine:

@ Amechanical taol-changer or delivery unit

® A hydraulic supply for the disc magazine drive unit

@ Coatrol {CNC/PC) 10 provide programmed moverrieni of the disc 10 ensure that the comect tool s moved to the
100t-change position

(b} Integration into a tuming centre

The tool-changer remaves ol from i and .. replacing new toolin turret snd used
turret and rotates through 180°. , . toal in disc magaxine

(&) Operatian of the tocl-changer

Fig. 2.12 The random-access automatic tool-changer for Block tools (Courtesy of Sandvik (UK) Ltd.)

Where space in the vicinity of the machine is limited, a gantry-type of tool-changer using a twin-
gripper assembly can be used for high-speed tool-changing. In this design, the gripper assembly
also rotates through 90° to deliver tools to the tumet's periphery, as shown in Fig. 2.13a. The major
advantages of using this type of tool-changer are that it can be fitted to a machine too! with
very little modification, and that it keeps the working area free and unencumbered from any
mechanisms that might get fouled by swarf, or hit by the machine tool's moving parts.

The disc-type turret magazines mentioned above have ‘random-access' capability. This
means that the tool-changer has completely free access to any tool in the store, providing an
almost instant delivery to the turret of any tool required. If a company requires even more ver-
satility from the automation of a Block tooling system, it is also possible to change the disc tur-
rets automatically; by doing this the tool-storage capacity approaches the infinite!

The advantage of using any of these universal tool-changing mechanisms is that they are
designed on the modular principle and can be fitted to whatever configuration a company re-
quires, allowing for a degree of customisation.
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Text 10.

Consider the drum-type tool-storage facility shown in Fig. 2.14, which is being used in conjunction
with a gantry-type loading configuration. The rotary drum-type holder permits a continuous supply of
cutting units over long periods of untended machining, in the same manner as with the disc turret.
When first setting up the machine for a new family of workpieces, the magazine racks can easily be
substituted with new ones (Fig. 2.13c) holding other types of tocls. The cast iron drum (Fig 2.14a)
consists, for the most part, of the rotating magazine holder assembly, and it encloses the interior
working parts. This drum is mounted centrally on a column and runs freely on two bearings. A lock-
ing mechanism is attached to the drum and hinge plates for mounting of either five or ten cutting-unit
magazines, depending on the magazine holder’s capacity.
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The drum can be removed easily {Fig. 2.14b) allowing for access to the interior working parts.
The tool-actuator mechanism is stationary inside the rotating magazine holder; this transports
the cutting units out of, and back into, the magazines and is the main interior working part of
the drum assembly. When a particular tool cutting unit is called for, the drum magazine is in-
dexed into position before the tool actuator is energised. Then the actuator will load, or unload,
the gripper, as shown in Fig. 2.14c. The gripper is attached to a transporiation mechanism -
typically a gantry robot - and is taken to the machine-tool magazine, as shown in Fig. 2.14d to
f. Gantry systems such as the one in Fig. 2.14d can cater for a whole range of machining con-
ditions on many complex parts. 'Sister tooling' can be used for heavily utilised cutting units, so
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that the systems have a large and versatile cutting capacity on the shop floor, particularly if
powered (driven) tooling is also incorporated into the system as mentioned earlier. Their versa-
tility can be further enhanced if the gantry robot is designed to include such features as touch-
trigger probing, of which more will be said in Chapter 3, and the capacity to load and unload
the workpieces as shown in Fig. 2.14f. This level of sophistication, with tool and work loading
coupled to a ‘probing' ability, is almost the 'state of the art, but not quite so: completely auto-
mated machine tools, in which chuck-'jaws for different work-holding needs can be offered, or
a complete chuck-changing facility using a gantry robot is possible, are listed by some ma-
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chine-tool  buil-
ders. When ma-
chines of this
high level of
specification are
used, either as
'stand-alone’ ma-
chines or as part
of a flexible ma-
nufacturing sys-
tem, the thro-
ughput of work
and the variety of
applications  are
considerable.
When coupled
to a high utili-
sation, with ma-
ny shifts, the
pay-back peri-
od, namely the
time for the
retum on the
investment, is
much shorter.
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