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INTRODUCTION

These days the modular principle is a very popoiathod in the design
of the automobile, diesel engine, home applianicdsrmation devices, indus-
trial equipment, and so on. This trend can be clened as one of the great con-
tributions of modular design of machine tools tosth working in other indus-
tries.

One of the promising directions of developmenttafictures boring tool
Is to use the modular principle of their constroictiUsing the modular design of
cutting tools increases their reliability and imyed operating conditions by re-
ducing the diversity of structures of modules. didition, the use of modules in
the design reduces the time and complexity of desitpws the use of new
methods of design, for example, to use computezehatbsign procedure using a
computer.

This textbook is intended for master students aadupate students of en-
gineering specialties, and also is recommendedttatents of engineering spe-
cialties in the study courses "Cutting theory", ti@g tool", "Tool systems",
"Process equipment" for further study, as well@ecslists of machine-building
enterprises.

The textbook contains information about the genkeraths of modular de-
sign in mechanical engineering, modular quick-cleatagls, their requirements,
configure, build, and information about the own eélepment of the department
of "Technology and equipment of machine-buildingdarction" of Polotsk state
University in the field of modular cutting tools.



1. GENERAL TERMS OF MODULAR DESIGN
IN MECHANICAL ENGINEERING

In retrospect, the predecessor of the current nandidsign appeared ex-
plicitly at the beginning of 1930s, and since thiea related technologies have
been duly advanced, revealing the remarkable impfatite modular principle
not only on the machine tool design itself, buba® other products. The ma-
chine tool engineer is proud of the modular deskgowever, there are, in con-
trast, some difficulties in understanding exactlyatvmodular design is and its
historical background, which dates to the beginrah¢he 1930s. For example,
the modular design can be classified into a conside number of variants, de-
pending on the idea, aims, and scope of the apiplicaapplication area, ex-
pected advantages, and so on. In addition, theinelogy of modular design
itself has changed together with the hierarchieanifications of its meaning,
as already described in Terminologies and Abbranat It is thus very diffi-
cult to represent modular design in a simple semehowever, we need a
quick statement to understand the essential featfrenodular design. At pre-
sent, employment of modular design in the manufatgusphere ranges from
the tool, jig, and fixture, through the machineltdo the manufacturing sys-
tem. In the following, several illustrations andrso typical examples will be
shown.

Figure 1.1 shows a representative modular toolygjesn proposed by
Sandvik Co. in the middle of the 1980s. The toobygtem was marketed under
the commercial name Block Tool System, and it waly dharacterized by its
wider tooling flexibility, which can be realized lekchanging the cutting edge
module in accordance with the machining requiresiefsttually, a tooling sys-
tem consists of the shank (fixing), adapter (extamn)s and cutting edge mod-
ules, and the adapter module may assist to remfibre further flexibility. This
tooling system was employed on a CNC (computenmrederical control) lathe
of the George Fischer make (type NDM-16), in whicl cutting edge modular
was stored in the tool magazine of drum type aadsferred to the machining
space by the overhead traveling robot.

Figure 1.2 displays another modular tooling sysfgoduced by Nikken
Co., showing the effectiveness of the modular cphesen in the year 2000.
The modular principle was furthermore applied te tbol layout on the turret,
e.g., base and tool holding blocks, as shown inEiy— 1.3.
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Fig. 1.1. Modular tooling system in 1980’s: basleas

Note: Courtesy of Sandvik Co.

Adapter module Cutting edge modnle
Extension module @ Boring head module
Shank module . oy

Straight shank module

Reduction module @ Two-edge boring head module

_$_

Fig. 1.2. Modular boring system

Note: Courtesy of Nikken Kosakusho Works.
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Additional tool post

Fig. 1.3. Modular principle applied to tool layaarn turret by Dietz

Note: Courtesy of Carl Hanser.

Figure 1.4 shows an advanced variant of MC (manbicenter) of Ikegai
make (type MX3: maximum spindle speed 4500 rpngvedble torque 3.6 kg
m, spindle taper no. 40) in the beginning of th8AY which is a column travel-
ing type. As can be seen, the modular design ieiaiely employed to produce
10 variants, ranging from the FMC (flexible manuéammg cell) of pallet pool
type, through the station of FTL (flexible transhee), to a five-face processing
machine. In this case, the leading modules arectihemn, base, rotary table,
tool magazine, main motor, and so on. This machkipgears to be a typical
predecessor of current five-face processing mashine
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Fig. 1.4. Modular design in MC

Note: Courtesy of lkegai Iron Works.

In the late 1990s, we can observe another eminam@e of the applica-
tion of modular design to the turning machine @ tranging spindle type (In-
dex-Werke brand, commercial name: Verticalline).shewn in Fig. 1.1 — 1.5,
the major modules of the machine are those forrabgé&uctural body compo-
nents, hanging spindle, turret head with eitheatnog) tools or stationary tools,
tool post fixed on the platter, and work pool stafide platter can furthermore
accommodate the motor-driven cutting tool and dgaead on itself, resulting in
greater flexibility in machining when varying thembination with the turret
head. In addition, the machine can be charactebyesbme functions for laser
welding, hardening, grinding, and assembly openafidhe machine can be thus
called the processing complex and appears to he@ssor of the prototype



named the “Complex Processing Cell of T-form.” Thretotype has been de-
veloped so far by the Japanese Big National Preettied “Complex Produc-
tion Systems Using High Efficiency Laser Processing

Hanging
spindle
Structural body
components

Stationary stand for
tool platter

Gang head ~~_Tool pool
on platter stands

Fig. 1.5. An application of modular design to tbentng machine
Note: Type Vertical Line, 1999, courtesy of Index.

Within a system context, a typical modular design be observed in the
FTL of Diedesheim brand, as shown in Figure 1.8, iswcore machining func-
tion consists of the head changers of modular tgleed Variocenter. Impor-
tantly, there are two types of FTL depending onldthsic module and flexibility
of the transfer line of asynchronous type. In tAd ©f simple line flow type
shown in Figure 1.6 (a), the basic module is thafariocenter itself, resulting
in less flexibility in the work transfer functiomhereas in another FTL shown in
Figure 1.6 (b) the basic module is of FMC to enleathe flexibility in both the
machining and transfer functions. More specificatlye FMC can be formed
from the Variocenters of various types in additiornaving both the subtransfer
line, i.e., transfer shuttle conveyor, and the waditing station, which are ca-
pable of the leapfroglike work transportation, tesg in greater flexibility in
the transfer function of the system. The FTL inufeyl.6 (b) has been installed
at Opel to handle the increasing number of engareeties. In fact, the kernel of
Variocenter is a hexagonal turret having a grouputfing tools to machine the
objective work. The turret and work can be trantggbto the machining space



by using the overhead crane and the carrier ofidbe respectively. Thus, the
system can facilitate drilling, deep hole drillinggunterboring, reaming, spot
facing, tapping, precision milling, precision fagjnand inspection. Then the
system is available, for example, for the manufa&ctf cylinder heads and cyl-
inder blocks made of gray cast iron, high alloytea®), and die cast aluminum
alloy. According to the report of Siegfried at thernational Symposium on
Automotive Technology and Automation in 1984 heidMilan, 80 percent of
the system can be reused in the event of prodactges.
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Fig. 1.6. FTL for producing automobile parts:
(a) Line flow type and (b) FMC-integrated type

Note: 1980s, courtesy of Diedesheim.
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As can be readily seen, flexible manufacturinghef EMC-integrated type
was an eminent contrivance from the modular degigwpoint, and even in the
year 2000 it was the leading system design metloggolin due course, the
FMS (flexible manufacturing system) of FMC-integmttype was to become a
reality by the ZF (Zahnrad Fabrik Friedrichshafermigk), one of the
representative mission gearbox manufacturers irm@sedy, for producing gears
on that occasion. In the case of FMS of ZF make, @inthe marked features
was that it facilitated the inheritance of the tsafanship by using the job
rotation between the FMS and the traditional factdihis feature leads us later
to an idea of the modular design of culture- anddset-harmonized type.

These examples may help the reader to imagine mbdtilar design is to
some extent; however, we must discuss these inl tiethest use the modular
design. In this chapter, first we give a quick stamyrto deepen the reader’s un-
derstanding of the essential features and to maihthe advantages and disad-
vantages of modular design.
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2. MODULAR QUICK-CHANGE TOOLING

The modular tooling concept was developed by auitiool manufacturers
from the long-standing tooling cartridges (figurel 2ndicates a typical self-
contained cartridge), which had been previouslilabi® for many years. Ini-
tially, the modular tooling was designed and depetbfor turning operations
(fig. 2.2) and was demonstrably shown to offer angersatility to a whole
range of machine tools and, not just the CNC vassidhe original ‘modular
tooling concept’, termed the block tooling systemllewing efficient and fast
‘qualified’ tooling set-ups for non-rotating toojnon both conventional lathes
and turning centers.

LOCKPIN CLAMP

CENTRELOCK.

BRAZED

Graduatad Dal

THROW ANAY

THROW ARNAY AUTO RETRACT

GEAR ADJUST

Fig. 2.1. Microbore (adjustable) modular cartridgeth indexable inserts
Note: Courtesy of Microbore. Tooling Systems.

The point that the tooling is a key element in Wigole manufacturing
process was not lost when in the early 1980’s thaéed States Government
commissioned a ‘Machine Tool Task Force Surveyhmachine tools and tool-
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ing, to determine their actual utilization leveletd, the US findings compared
favorably with a similar survey undertaken in Genmmaome years later.

Fig. 2.2. Modular tooling system

Note: Courtesy of Sandvik Coromant.

It was a surprising fact that on average only betwg00 to 800 hours per
annum, were spent actually ‘adding-value’ by maicigroperations on compo-
nents. This particular outcome becomes even maaare, when one considers
that the theoretically available annual loadingetifor a machine tool of 364
days x 24 hours per day yielded a potential mactooné availability of 8736
hours — representing a meagi®% as actual cutting time. Ths8% value is
shown on the diagram in Figure 2.3 (a), where aengit has been made to
identify and show actual individual blocks of tinadocated to both shift-
wastage and nonproductive time. This massive patentichine tool availabil-
ity, is further compounded when one considers #pedradvances in both ma-
chine and cutting tool developments of late, wherd utilization time and in
particular the lead-times would significantly bahdfom using a modular
quick-change tooling strategy.
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Note: Courtesy of DMG Machine Tolls.

Prior to a discussion of ‘modular tooling concepis’is worth briefly
mentioning that in many instances, conventionalingocorrectly applied can
make significant productivity savings, whether #@phasis is on increased
production — through longer tool life, or on a retion in the cycle time for each
part. The machining trend in recent times has lieencrease the productive
cutting time of expensive machine tools and, ineottd achieve this objective it

IS necessary to minimize tool-related down-time.
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Cutting tool manufacturers have not been slow wvettging and produc-
ing modular quick-change tooling systems. Theitiahsteps into such systems
occurred in the early 1970’s, with one solutionalwing changing the indexable
insert itself: the major drawback here was thatitisert-changer was complex
in design and could only change one type of ingdris fact limited it to long-
running turning applications and even here, itexafl with the advent of CNC.
Yet other approaches involved changing both thé and its toolholder, in a
similar manner to current practice on CNC machireagters. This system also
imposed restrictions, owing to the relatively higeight and dimensional size of
the tool-changer, which meant that its load-cagyeapacity was limited. Even
where a tool magazine is present — such as is foanckrtain types of turning
and machining centers, its capacity becomes ramghausted, so that fully-
automated operation over a prolonged period igooesible. Further, the multi-
tude of geometries and clamping systems necesaases impossible demands
on an automatic tool-changer, with the problem dpaaracerbated still further
by the fact that indexable inserts may not be blatéor all machining opera-
tions. Therefore, a completely different approads wecessary for automatic
tool-changing systems, to overcome these disadgasta

Prior to a discussion concerning modular quickcleasygstems in use to-
day, it is worth mentioning that many machine toanufacturers can offer ex-
tra capacity tool magazines, holding almost 30dstee in certain instances
(Figure 2.4).

Fig. 2.4. A 90-tool capacity, auto-toolchanger nmga (chain-type),
three such magazines can be slotted togetheryéoag2 70-tool capacity

Note: Courtesy of Cincinnati Machines.
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So the question could rightly be asked: ‘Who nesmdsh modular quick-
change tooling, when machines can be provided thigir own in-built storage
and tool-transfer systems?’ This is a valid pdmit, a very high capital outlay is
necessary for these extra-large magazines (i.depisted in Figure 2.4) and,
even then, only a finite tooling capacity can beomemodated and its variety
would be considerably reduced if a ‘sister toolirapproach was adopted. This
tooling-capacity problem becomes acute in the chdégure 2.4, where some
large tools have to be held in the magazine andyetopl pockets have to left
either side of it — as shown by the large toolaggd on the lower chain on the
extreme left. Machine tool builders have spent warable time and effort on
reductions in the non-productive activities, sushaat-to-cut times’. Modular
quick-change tooling will further reduce set-up ésnand for any subsequent
tool maintenance activities, more will be said be topic later in this chapter
under the guise of ‘tool management’.

So far, these introductory remarks have address®ee ®f the issues con-
cerning early techniques for quick-change toolind the machine tool builder’s
approach to overcoming the problem. So again, amestate: ‘Why does one
need modular quick-change tooling?’ One of the nmgbbrtant aspects of util-
izing such tooling systems on for example, maclgruanters, has been to stan-
dardize and thereby reduce tooling inventories (aéonalize and consolidate
the remaining tools), whilst simultaneously givitige tools more flexibility in
their cutting requirements which occur during aduction run. Now that many
turning centers are equipped with full C-axis héagls control — for contouring
capabilities, together with driven/live tooling fnotheir turret pockets (i.e.
termed: mill/turn centers), their requirements ffawdular tooling are similar to
those of a machining center.

! ‘Sister tooling’ — is where there is at least dilication of the most heavily utilized
tools within the tooling magazine/ turret. This tple loading of duplicate tooling, is nor-
mally operated as follows: once the first tool lné duplicates is nearing the end of its active
cutting life, it is exchanged for a ‘sister toohdwill not be called-up again during the un-
manned production cycle. This duplication strategy significantly extend the untended ma-
chining environment, through perhaps, a ‘lights-oight-shift, if necessary.

2 ‘Cut-to-cut times’ , having reductions in tool tisfer on: turning centers — with bi-
directional turret rotation, or on machining- andl/farn-centers equipped with either tool
carousels/ magazines, enabling rotational indexmgthe correct tool pocket, prior to
load/unload of tooling, tool transfer — reducing ttlle-times to the next machining operation
to just a few seconds. If the machine has fadbtyeither automatic jaw-changing on a say, a
mill/turn center, or pallets on a machining centkis non-productive operation is undertaken
simultaneously with the tool-changing/ tool-indexir on the latest machine tools, thereby
further reducing idle times.
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From the previous discussion, it is now evident ghgnificant reductions
in the machine tool’s non-productive times can teaplished, by minimizing
the downtime associated with utilizing cutting ®olf a manufacturing com-
pany incorporates modular quick-change toolingesyist on its machining and
turning centers, or even on some conventional mactwols — involved in large
batch runs, then great productivity benefits widtiaie over a relatively short
pay-back period. This will be the theme for thecdssion over the next sec-
tions. Firstly, we will consider the tooling regements for turning centers and
secondly, the applications for modular quick-chatag@ing on machining cen-
ters.
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3. TOOLING REQUIREMENTS FOR TURNING CENTERS

Perhaps of all the machine tools that use eitmglesi, or multi-point cut-
ters, the turning center has undergone the gretasiges. The vast spectrum of
these turning-based machine tools, include at tleeemd: basic CNC lathes —
often equipped with conventional square-shankedhodders and round-
shanked boring bars, that are manually-loadedjgblh\hsophisticated co-axial
spindled twin-turret mill/turn centers. These higlproductive multi-axis ma-
chine tools, have features such as: full C-axigrobr- for part contouring; ro-
bot/gantry part-loaders — for efficient load/unloaderations; automatic jaw-
changers for flexible component work-holding; pergmable steadies — for
supporting long and slender parts; toolprobing esyst — having the ability to
apply automatic tool offset adjustment with the afafities of tool-wear sens-
ing/monitoring and control; work-probing inspectien for automated work-
gauging of the workpiece’s critical features. Whdspect to these latter multi-
axis highly-productive machine tools, the capitatlay for them is considerable
and in order to recoup the financial outlay ancegul cover the hourly cost of
running such equipment, they must not only incrgaseluctive cutting time —
with an attendant reduction in cycle times, whilawdtaneously reducing any
direct labor costs associated with the machinetgirset-up and maintenance.
It is often this final aspect of labor-cost redanti which becomes the most at-
tractive cost-saving factor, as it is usually caosts a large component in the
overall production cost in any manufacturing fagili

When a company specifies a new turning centertéoprioduction needs,
they might want to increase its versatility by sfygéeg a rotating tooling with a
full C-axis capability, giving the ability to notnty contour-mill part features,
but cross-drill and tap holes while in-situ — tedriene-hit machining’. These
secondary machining operations may even eliminla¢e need for any post-
turning machining operations, on for example, a lmrang center, giving yet
further savings in production time — work-inprogr€gVIP) and minimizing the
need for an additional machine tool. If floor-spaseat a premium, then one
highly productive and sophisticated multi-axis fulin center, may be the solu-
tion to this problem.

Previously, justification for the need to employmadular quick-change
tooling strategy for turning centers has been m&dene of these modular tool-
ing systems will now be reviewed, many of which amev being phased-out,
while others have recently become popular. Bagic#tlere are two types of
modular quick-change tools available today, thesadocategorized as follows:
Cutting-unit systems, or Tool adaptor systems. fllgesystems vary in their ba-
sic approach to the quick-change tooling philosophgl, whether they are de-
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signed to be utilized on turning, or machining eestseparately, or alterna-
tively, for a more universal approach. The cuttimgt system was one of the
first to be developed by a leading cutting tool ofacturer and is universally
known as the ‘Block tool system’ (see Figure 2.1, 3.2).

Read
write
head
Coded
CNC BT-
cutting
unit
I ]
I /
A Manual/automatic
Tool offset values read /write cycles
c
Turning machine

d

Fig. 3.1. Tool data processing employing modulackyehange tooling
on a turning center, via the ‘intelligent/taggeiling concept

Tooling operation: (a) — Scheme of tool date inpuifput tool preparation. Offsets are auto-
matically downloaded. Tooling and other requiretedae entered manually and can be freely
edited. Any simple date already existing in the magnthip can be overwritten or retained as

required. (b) — During tool preparation all datevigtten into (input) or read from the chip
using a simple read/write assembly. (c) — In thelmree an automated assembly reads from
and writes to each tool data carrier in the magaZh) — Scheme of CNC turning machine
showing two-way tool data exchange between tool@NE. An automated read cycle at the
tool magazine is performed each time a tool iséoado update the CNC'’s tool data file.
Automated tool data processing eliminates offsdttanl changing errors.

Note: Courtesy of Sandvik Coromant.

This system (see Figure 2.1), is based on a regbéeecutting unit
(i.e. ‘club head’) utilizing a square-shanked taddter, with the coupling pro-
viding a radial repeatability to within £0.002 mithis high-level of repeatabil-
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ity to £ 2 um, is necessary in order to minimize the coupliregffect on the di-
ameter to be turned. To ensure that the generat#idg forces do not deflect
the ‘Block tool’, a clamping force of 25 kN is useé@lub head’ clamping may
be achieved in a number of ways, either: manuailyth an Allen key, or either
by semi-automatic clamping, or automatically. Th@mping force is normally
provided by using a certain number of spring-washirese being pre-loaded to
provide a reliable clamping force. These cuttingjsucan be released by compress-
ing the washers so that the draw-bar can move fdrwa the case of the auto-
mated cutting unit system, a small hydraulic cydinchounted on the carriage be-
hind the turret causes the draw-bar to releaghis#t,being timely-activated by a
command at the correct sequence within CNC program.

Previously, mention was made of the cutting unmé&peatability and its
associated clamping forces, together with techrscfoe releasing the ‘Block
tool’. Now, consideration will be given to how thatting units are precisely lo-
cated in their respective toolholders. The ‘Blogé&iltis located in the following
manner: the cutting unit slips in from above themog (i.e. of the receiving
toolholder) to firmly rest on a supporting faceuated at the bottom of the
clamping device. This tool ledge supports the ogttinit tangentially during the
machining operation. Once the cutting unit is sfate the bottom face (i.e. tool
ledge), the draw-bar is activated — either manuallyith a key, or by the hy-
draulic unit — in the case of automatic cuttingtyoading. This draw-bar activa-
tion provides a rigid and stable coupling, that watinstand the loads produced
during cutting. Both internal and external machgnautting units (see Figure 2.1)
can be supported.

A major advantage of all modular quick-change syistes ease and speed
of tool-changing, producing shorter cut-to-cut tsné comparison to that of
conventional tooling. If an operator is presentlsthmachining, the added bo-
nus here is one of reduced operator-fatigue, siocehandling — particularly
with heavy tools — can be minimized particularly emhusing either semi-
automatic, or automatic tool-changing methods. Assalt of the smaller physi-
cal size of these modular tools, they can be meadily stored in a systematic
‘tool-management’ manner, allowing them to be &fitly located and retrieved
from the stores, with the added bonus of redumoi$tock space.

The benefit of just using the ‘entry-level’ mantiBliock tool’ system over
conventional toolholders, may be gleaned from dtlewing tabulated example,
depicted in Table 1, where the numerical valuethentable form the basis for
the comparisons. The figures in the left-hand coluare typical for most two-
axis turning centers, where: manual tool-changsngmployed, securing the tool
in its pocket and maintenance takes place.
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Table 1

Comparison between utilising conventional and cualenge tooling

Operation Conventional toolholder: Block-tool syste
Setting-up time (min) 30 15
Tool-changing time (min) 3 1
Measuring-cut time (min) 5 0

This data can now be applied to the practical sandor an environment
of mixed production containing small batches ohad components, where the
actual cutting time represents 15% of the total mreeshop time. If one as-
sumes that an average of 30% of the tools needegumag cuts (e.g. compo-
nent diameters to be machined and measured, thsa talues input into the ma-
chine tool's CNC controller) and, that 200 set-wgse required per year on the
machine, necessitating some 1580 tool changesgdilnase tasks per year. So, un-
der such production parameters, the quantitatrategfic benefits of utilising the
modular quick-change tooling system over conveatitwoling, are as follows:

« Setting-up time — differences would be: 15 x 2@D00 minutes per year.

* Tool-changing time — differences are: 2 x 1580160 minutes per yeatr.

» Measuring-cut times — differences amount to: 15805 = 2630 minutes
per year.

These timesavings mean that a total difference/80D8ninutes would be
accrued, or 146 hours, which equates to a savintgoiorking days. Hence,
this simple ‘Block tool" system allows for a sige#nt increase in available
production time over this time-period. Alternatiyekhis time-saving can be
multiplied by the machine’s running cost per hdorfurther reinforce the cor-
rectness of the decision to purchase a quick-chimadjag system, since it quickly
buildups the pay-back on the initial investmenttfos type of tooling strategy. The
simple example given above, clearly demonstratesgéil benefits of either using a
manual quick-change tooling system, on a convealtiathe, or turning center.

So far, the merits of utilizing a quick-change toglsystem have been
praised, but one might ask the question: ‘What typlkatch size can justify the
financial expense of using such a ‘Block tool’ &ys®?’ To answer this, we will
consider the two manufacturing extremes of bothyddratch production and,
small-batch production usage — the latter usingaifse

Today, large batches and even mass productionamensicreasingly per-
formed in ‘linked’ turning centers. The manufactgriobjective here is to limit
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operator involvement and for planned stoppaged@oicdchanging/setting to oc-
cur according to an organized pattern, so that tismally happen in between
shifts, or at recognized scheduled stops in thdymion schedule.

For example, utilizing the ‘Block tool’ system ale tool changes to be
organized and made very efficient, especially semwkhe tool changes are
semi-automatic, or automatic in operation. Theseutar quick-change cutting
‘club-heads’ are small, light and easily organizedtool changing. Moreover,
they can be preset outside the machine tool envieoih and as a result, their
accuracy is assured by the precise mechanical iogufd that of its mating
holder. It is also possible to give these ‘Bloc&ltautting unit’'s a degree of ‘in-
telligence’, by an embedding coded microchip, hgvan numbered tool data
memory-coded identification — sometimes termed eaftooling’. In the early
days of tool read/write microchips, they were & tbontact varieties’ (i.e. see
Figures 3.1), but many of today’s tool identificati systems are of the non-
contact read/write versions. Tool offset settingsdpced when initially measur-
ing them on the tool-presetting machine, can haeed numerical values stored
in coded information within the in-situ microchiptuated within the quick-
change tooling ‘club head’. An alternative approachactual measurement of
the tool offsets, is to utilize either a touch-ty#y, or non-contact probe, situated
on the machine tool — more will be said on thisjsctblater in the chapter.
These tooling aids also minimize the setter/operattivity and this will ensure
that such vital information is correctly performéldereby eliminating the risk of
mistakes being made during any hectic machine astpgg While another bene-
fit of using a quick-change modular tooling strateig that the time needed to
change tools is very short. It may even be possthlaake an unscheduled tool
change for critical tooling; if for example, theuear rate is unexpectedly high.
This unscheduled tooling adjustment, will raise ¢kerall cutting performance,
which in turn leads to improved and economical tovlization, particularly
during a large production run. Where a companywelved in large-batch, or
mass production runs, its should be obvious by nitwvat utilizing modular
quick-change tooling offers considerable savings rfegucing the non-
productive cutting times. This modular tooling s#gy is also true, but to a
lesser degree, for either small batches and cam le@aelevant in the extreme
case for certain one-offs, requiring many tool gemin the machining of a
complex part geometry. This latter factor is patacly the case when ‘part
families™ are required to be produced.

3 ‘Part families’, refer to the machining of compatethat have either similar work-
piece geometries — often termed ‘aspect ratiosGamnparable machining processes under-
taken to complete the parts.
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Frequently the problem that is present within amae shop, is one of in-
sufficient tool storage on the actual machine ttos is particularly the case for
single-turret turning centers — having limited petskavailable for the tooling.
Under such circumstances, the solution may be & masdular quick-change
tooling. Using say, minimal levels of tooling autation, via semi-automatic
quick-change tooling, extends the turret's capaeith minimal loss of produc-
tive cutting. Replacing a new cutting ‘club heamply requires the operator to
lift out the old unit and push in another — at piness of the tool-release button.

Optional tool stops can be programmed into the GsGtroller for just
this purpose. By presetting the tooling, in conjiorc with each cutting head,
the coupling’s guaranteed repeatability, ensurasttie cutting edge is both ac-
curately and precisely positioned relative to therkpiece’s orientation and da-
tum. This fact negates the need for the operatbat@ to individually adjust all
of the tooling offsets for different workpiece capnfrations.

Yet another approach to the lock-up sequence asdyrdeof modular
guick-change tool adaptor systems, is depictedigarE 3.2. The mechanical-
locking interface is via a Hirth gear-tooth couglimechanisth This system of-
fers both a high positioning accuracy in combinmatiwith an almost perfect
transmission of the torque effects induced by ttigebin cantilevered turning
and grooving tooling, whilst cutting. Clamping cats of draw-bar locking af-
ter insertion of the male and female gear teetth@esired cutting unit into the
adaptor. These changeable cutting units also ee@aituracy and precision in the
manufacture, with their location and clamping bemayieved through axial move-
ment of a draw-bar. The draw-bar can be either algnor automatically moved by
using a torque motor. This draw-bar locating merdmarallows both the male and
female coupling ‘geared faces’ to be firmly locled assembled together.

The Hirth gear-tooth coupling has a repeatability<©0.002 mm, with
tooling system that can be mounted in either &,disum, row, flat, or chain
magazine. The Hirth coupling has a standardizethliation, with identical di-
mensions of @40 and @63 mm, for the tooling systelacted. These modular
cutting mechanical interfaces are directly matedetber, allowing internal
coolant flushing and as such with use, will notdimee polluted during its life-
time’s operation. As with all of these modular dughange tools they can have

* Hirth gear-tooth coupling mechanism is a well-knowied-and-tested mechanical-
interface, which is often present on rotary axesrfachining center pallets, allowing for accurate
and precise pallet changeovers, between followants pequiring subsequent machining.
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their tooling of internal, or external mountinge(ishown in Figure 3.2), and of
different ‘hands’ in order to achieve universalning/grooving machining ap-
plications on the widest variety of parts.

Fig. 3.2. The ‘modular tooling concept’ based upttachment of ‘front’- and ‘back-ends’
by the Hirth coupling, illustrating both axial atrdnsversal grooving
of component features in this instance

Note: courtesy of Widia Valenite.

Despite all of this convincing evidence in favorsofch tooling, some pes-
simistic manufacturing engineers may still remaapdical as to the advantages
to be gained from this additional tooling capitapenditure. While another fac-
tor preventing the purchase of a comprehensive raoduwick-change tooling
package, is that a company simply cannot affordltxery of purchasing a
complete tooling system. Under these financial tamgs, it might be prudent
to purchase just a few quick-change units initialhd, at a later stage, appraise
the situation in terms of the likely productivitycreases and the operator’'s own
experiences with this new tooling concept. In timanner, only a relatively
small financial outlay will have been necessary #re company will not be-
come too disenchanted if the results prove unfdlergperhaps owing to some
extraneous circumstances that could not be injtiattcounted for when the
original tools were purchased.
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4. MACHINING AND TURNING CENTRE MODULAR
QUICK-CHANGE TOOLING

Prior to designing this KM modular quick-changelitog system — which
was introduced by several tooling companies inldke 1980°‘s (i.e. see Figures
4.1 to 4.3) for both machining and turning centarsyjumber of key decisions
had to be made. The basic criterion of the systemidiguration for use with
either rotating, or stationary tooling, is that twipling needed to have a round
geometry and have a centerline datum. Moreover,efme of use, the tool-
changing and precision and accuracy required, ith#tte radial direction (i.e.
X-axis), a tapered shank was mandatory. To enbatean equal level of opera-
tional performance occurred in the axial direct{or. Z-axis), face contact at
the mechanical interface was necessary. The cuttiigg’'s height was deemed
to be a less critical factor and this allowed aso@@ble design tolerance here,
giving good results for the majority of machiningeoations using this newly-
designed modular quick-change tooling concept.

Together and employing these stated design critéwafollowing repeat-
ability for the KM modular tooling concept was oibible:

* Axial tolerance — = 0.0025 mm.

* Radial tolerance — = 0.0025 mm.

* Cutting-edge height — £ 0.025 mm.

I
2

Fig. 4.1. The ‘modular tooling concept’ based upoth angular and face contact,
illustrating a variety of rotating and stationagldiers and machining operations

Note: courtesy of Widia Valenite.
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On say, a turning center using this KM modular gtgbange tooling —
for the ‘intermediate’ size range, the ‘front-anakck-ends’, can withstand tan-
gential cutting loads of 12 kN. At this level oftttag force, the actual mechani-
cally-clamped front-and back-ends closely approt@sdo that of a ‘solid’ 32
mm squareshanked toolholder — in terms of its machaintegrity. However,
when the initial KM tooling review was made conaegnthe ‘dimensional en-
velope’ of machines that might employ this modujaick-change system, it
was found that a 40 mm round-shanked system wadaridpest that could be eas-
ily accommodated (i.e. see Figure 4.3). Hence disiseter was selected for the
coupling, with adaptors for sizes ranging from 8580 mm, for use on both
turning and machining centers.

Fig. 4.2. ‘Modular tooling concepts’ allow ‘quakdil tooling’ to be set up
with the minimum of adjustments, thereby signifiitameducing downtime

Note: Courtesy of Kennametal Hertel.

Once the basic configuration had been establishedelected, to meet both
the dimensional and repeatability criteria, theialcshape of the mechanical cou-
pling could be considered. It was evident thatrtisde portion of the mechanical
coupling would be used for the cutting tool ung,itwould present the smallest
overhang, therefore being less influenced by didles resulting from high tan-

® ‘Front-and back-ends’, is general workshop terruigy that refers to the cutting unit
(i.e front-end) and its mating toolholder situated either the pocket, of tool post (i.e.
backend).
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gential loading whilst roughing cuts were takernse&ondary, but nonetheless im-
portant operational factor, was that a male cutini would provide more protec-
tion for the taper and the locking mechanism, dheecutting unit was removed.

Fig. 4.3. ‘"KM’ modular quickchange tooling systemifg manually- fitted/changed —
using the T-bar wrench, into a turning center’setur

Note: courtesy of Kennametal Hertel.

With the taper’s geometric configuration yet tofinally determined — more
will be mentioned on this subject in the next peapl, it was necessary to decide
on the method of achieving contact between the t@pe the face. From a design
viewpoint, there are two basic methods of providimng face contact, these are:

1. Metal-to metal contact — by holding very closdetances on both
halves of the mating male and female couplings.

2. Elastic distortion at contact — by designingnaak amount of elastic
distortion into the coupling assembly.

As the male portion of the mechanical interface lwaated and attached
to the cutting tool, any such deformation wouldetdake form of expansion of
the female taper in the clamping unit. In exhawstesting procedures, an opti-
mum performance occurred with a combination of-paltk force coupled to
elastic deformation. This latter method of utilgian elastic distortion design,
resulted in improved static and dynamic stiffneglsen compared to the much
more costly manufacturing technique of metal-toahebnfiguration of the al-
ternative mechanical coupling.
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When the design and geometry of the taper sizecotasidered, it was de-
termined that the gaugelihdiameter had to be as large as possible, in dgoder
promote the highest possible stiffness to the mgolssembly. As the wall
thickness would have been affected a compromis¥® ohm was decided upon.
The final design decisions concerning the jointgtmg were concerned with its
length and taper angle. For example, if a steegrtapgle had been utilized, this
greater angle would have caused an increase iiotbe required to produce the
necessary elastic deformation in the female hathefcoupling. Conversely, a
slow taper — of smaller included angle, would hhad the effect of increasing
the force necessary to separate the male and feapdes — acting like a ‘self-
holding taper’. Therefore, after this design evabraexercise, the latter ‘self-
holding’ version was selected, as it produced thteval taper, namely of: 1: 10
by 25 mm long. This taper angle and length gaveodst combination of stiff-
ness and forces for locking and unlocking the ngapiarts. The taper equated to
the ubiquitous Morse taper and, had the added bthraislimit gaugeSwere
commonly available for checking tolerances durimgtproduction.

Once the coupling geometry had been establishedptking mechanism
could be considered. Using computer-aided desighD{Ctechniques and in
particular, sophisticated software, namely, firlement analysis (FEA), al-
lowed for a full investigation of the locking mectsm in-situ within the rele-
vant portions of the male and female tapers. Teglas such as FEA, were util-
ized on key portions of the mechanical-interfacaptings, to ensure that the
correct strength and durability levels occurredrddwer, extensive ‘life-testing’
was also conducted, to avoid unexpected failurab@tools in-service, which
might otherwise prove significantly costly to remged’he locking mechanism
(i.e. indicated by the sectional line diagrams iguFe 4.1 — top) used hardened
precision balls to produce a system which has highhanical advantajecou-

® ‘Gauge-line’, refers to the taper length and #spective diameter. From here, is
where the taper’s length is datumed, for tool dffseasurement of the cutting unit in the
tool-presetting machine, for ‘qualifying tooling’.

’ Limit gauges, are a form of attribute samplingtef Go and Not Go tolerances for
this Morse taper.

8 Mechanical advantage (MA), is the term used taiobgreater output from a smaller
input, using some mechanical mechanism, such asihy either a: lever, pulley, discsprings,
etc. A mechanism’s mechanical advantage, can begsgd in the following manner:

MA = Load (N)/Effort (N) no units

For example, in this case the MA was 3.5: 1 for hlh#-lockup sequence, using the
55° machined angle in the taper, giving: the rasgltoupling a clamping force of >31 kN,
this being produced by either a draw-rod, or digkrg) pulling force of 8.9 kN.
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pled to low frictional losses and was a reasonblivycost solution. This tooling
mechanism employing a mechanical-interface for ‘thent- and back-end’,
produced a locking force of > 31 kN, while fittimgto the taper with a gauge-
line of just 30 mm. The balllock mechanism used badls that locked into the
machined holes through the taper shank of thenguttnit (Figure 4.1 and 4.2).
This lock-up configuration, allows either a @9 mnawl-rod, or disk-springs to
be used to apply the necessary pull-back force.hbhes in the tapered shank —
into which the balls are seated, have a machingtkasf 55°, this result in a
mechanical advantage of 3.5: 1. As the disk-springsed in this method — are
pulled back, it forces the two balls radially outdiauntil they lock into the ta-
pered machined holes, as depicted in Figure 4.Bieravan Allen key T-bar is
used to activate the lock-up sequence, via a sefibsck-to-back disk-spring
washers. To release the cutting unit’s front-enfibree is applied by the T-bar,
which pushes these disk-springs and releases tlse While at the same time it
‘bumps’ the cutting head and in so doing, reledsiesm its selfholding taper.

Referring to the lock-up sequence once more. Omeedtting unit is in-
serted into the female taper (i.e. back-end), ikesacontact at a stand-off dis-
tance of 0.25 mm from the face. Therefore, as tlo&ihg force is applied, a
small amount of elastic deformation occurs at tloatfof the female taper. As
the cutting tool is locked-up, there is a threespabntact that takes place: at the
face, the gauge-line and at the rear of the tdpeally, if one compares the
coupling’s stiffness with that of a solid-piece uwhich has been machined to
identical dimensions, then when a 12 kN is appldd simulate tangential cut-
ting loads — the difference in deflection betwebkan, would be only um.
Hence, this modular coupling tooling assembly, €oapproximates to that of
the ultimate rigidity found if a solid-piece cutgool was utilized.

Tooling Requirements for Machining Centres

Machining centers with their in-situ automatic laadoad tool-changers
and tool-storage carousels, or magazines, haveeddtut-to-cut times signifi-
cantly, allowing faster response times to the meathining requirement of the
CNC program. If a tooling-appraisal is made of thel-storage facility of ma-
chining centers, it would soon be apparent tha-lean-total capacity occurs.
This noticeable under-storage tooling capacity tmague to one, or more of the
following reasons:

» Heavy tooling requirement in the tool-storagetays— because of the
tool storage system’s configuration — such as andlype magazine (Figure 2.4 —
tools have to be widely-spaced to allow the magazim be kept evenly-
balanced.
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» Large tools situated in the magazine — this ndymaquires that the
adjacent pockets must be left empty, so avoidiegntiouling each other upon
magazine rotation (Figure 2.4).

» ‘Sister-tooling’ requirement — this allows for glication of the most-
commonly-used tools, as they are more susceptibladakage, or wear, ena-
bling longer overall machining time for the prodootrun, prior to a complete
tool changeover.

NB This latter point of employing a ‘sister tool’ ategy, has the effect of significantly
reducing the variety of tools that can be heldhm finite amount of pocket-space available on
many magazines, carousels, etc.

In order to increase the capacity of a tool-storsggem, while simulta-
neously expanding the range of tools that are alvi@lduring a production run,
modular tooling has been developed which furthéersds the machine’s capa-
bility and versatility. With today’s modular too@inall being of a ‘qualified
size®, they can be prepared from a centralised preparatbrage facility, then
transported to the machine tool automatically —emaill be said concerning
this level of sophisticated tool management towhedend of the chapter.

So far, the relative merits of utilising a modutanck-change tooling sys-
tem for machining centres has been discussed. Taedak systems can be used
for both rotary and stationary tooling operatioms mmachined workpieces. A
‘tooling exemplar’, of such tools, is the ‘Captos®sm™®, being an amalgama-
tion of a self-holding taper and a three-lobed goly (i.e. see Figures 4.4 to
4.6). This novel tooling mechanical interface dasigatures a tapered polygon,
which is an extremely difficult geometric shapentanufacture for both male
and female couplings (Figure 4.4 — bottom left)wdaer, this tapered polygon
offers multiple-point contact in a robust and psemm coupling, allowing high
torques to be absorbed for both rotating and statio tooling (Figure 4.5).
Complete ‘Capto’ systems — ranging in their avddabiameters — are presented
for a variety of machine tool configurations, whiare obtainable with a wide
variety of ‘back-ends’ to suit many differing tgabcket styles (i.e. see Fig. 4.6 —
e.g. ISO, VDI, ANSI, etc.).

® ‘Qualified tooling’, this refers to all of the tbs offsets being known — this allows
the tool to be fitted into its respective pockethe tool storage facility, with the tool offset
table updated, allowing the tools to be utilizetthaut the need for presetting on the machine
tool, prior to use.

19 «Capto system’, was developed by a leading tootingipany, its name is derived
from the Italian word for: ‘I hold firmly’ — whicleeems somewhat appropriate for an excel-
lent mechanical interface between the ‘front- aadkbends’ on a modular tooling system.
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Fig. 4.4. Modular tooling ‘capto’ with tool secwyriand precision location
via face and lobed taper contact

Fig. 4.5. Modular tooling (Capto) illustrating statary (turning) and rotational tooling
(milling, drilling, etc.), with indentical lobed dntapered ‘back-ends’
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In order to enhance the use of say, the ‘KM-tydemodular tooling still
further and to ensure that a positive location betwmating faces occurs, it is pos-
sible to utilise an electronically-activated badgsure device, coupled to the CNC
controller. With this system in-situ, the tool-laeg procedure, could be as follows:

1. ‘Old tool’ is removed from ‘front-end’ — this oars by either activation
of the tool-changer (i.e. on a machining centre)a dool-transfer mechanism
(i.e. on a turning centre).

2. Compressed air purges the female taper — tligheeffect of clean-
ing-out the debris — finés— from the previous tool’s cutting operation.

3. ‘New tool’ is inserted into ‘back-end’ of tooller — its male taper is
cleaned, then it begins to seat itself in the fenaper.

4. As it is pushed firmly home to register with dapposing taper — the
back-pressure is electronically monitored andgaaiindicates that seating has
taken place and this data is sent to the CNC clbertraonfirming coupling has
been firmly locked.

5. Tool is ready for use — this unmanned operagitmws the next turn-
ing, or machining operation to commence.

The spindle nose taper fitment is an importaniofaict obtaining the neces-
sary accuracy from modular quick-change tooling.eHéhe ‘spindle cone’ must
run true to the spindle’s Z-axis and the pull-spudssure should be checked to
ensure that it is within the machine tool manufemts guidelines. Often when
problems occur at the spindle taper, it is theltedseveral factors:

» Pull stud pressure variation — this should beckbd to ensure that it is
within manufacturer’s specification.

» Spindle nose drift — this is the result of pehapnning the spindle at
continuously high rotational speeds, resulting he spindle nose cone ‘ther-
mally-growing’, leading to the simultaneous: X-,"hZ-axes drifting several
micrometers (e.g. this thermal drifting can oftexcaunt for around 1@m of
compound angular ‘spindle cone’ movement), whichlgdgresent a problem
for any close tolerance component features requmachining.

Much more could be said concerning tool-changinghnegues, where
tool transfer arms are discarded in favour of tihel magazine, or tooling car-
ousel being moved to the spindle to speed-up thahging even further. Alter-

1 ‘Fines’, are either minute particles resultingnfréhe tool ‘recutting effect’ — in the
form of small slivers of material, or is the respfitdust/debris created when brittle-type mate-
rial in particular, has been machined and thestcpes may electro-statically attach them-
selves to the machined mechanical interface cogiglimating surfaces.
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natively, gantry-type tool/work delivery systems available, or complete tur-
rets previously equipped with ‘qualified’ toolingarc be delivered, for un-
manned operations, in a ‘lights-odtenvironment. The techniques for tool de-
livery to keep machine tools in operation virtuatlgntinuously is a vast topic,
which goes way beyond the current scope of thistiexgy tooling-up discussion.

All of these rotational modular quick-change tooln be successfully
utilized up to speeds of approximately 12,000-rém M without any undue
problems. However, once rotational tooling speadeseiase above this rotational
level, then invariably it is necessary to redediga tool assemblies, allowing
them to be dynamically balanced, this will be theme of the next section.

12+ ights-out’ machining environments, refer to eittcompletely un-manned machin-
ing, or minimal-manning levels. Some companies, aarfully-automated machining ‘night-
shift’ without any personnel in attendance, allogvthe lights to be turned out, thereby saving
significant electrical power cost, when this fagtaken over the year’s usage.
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5. BALANCED MODULAR TOOLING
FOR HIGH ROTATIONAL SPEEDS

When rotational spindle speeds are very high, tbeventional ball-
bearing spindles are limited and have an uppercitglof <80 m sec—1, this is
where the balls lose contact with the journal walld begin to promote ‘Brinel-
ling’*® within the raceways. It is not usually the case,& conventional milling
spindle to be utilized at rotational speeds >20,@0min—1, without due regard
for the: centrifugal force, frictional effects asgdindle cone roundness levelling
variations, that are likely to be present beyoreséhspeeds. For any dynamic
unbalanc¥' of the tooling assembly to occur, this will happiénhe mechanical
interface is not secure — more will be said on shilsject in the chapter describ-
ing high-speed milling operations. With balancedlit@y in mind, cutting tool
assemblies were developed that minimized rotatieimdlalance, being based
upon the HSK taper fitment, shown in Figures 5.1.

The most important advantages of this exemplaryhangical interface
with its tapered hollow shank, coupled to its axiEne clamping mechanism
(i.e. based upon: HSK-DIN 69893), is as follows:

* High static and dynamic rigidity — the axial aratlial forces generated
in the tool shank, provide the necessary clampancef

* High torque transmission and defined radial pasihg — the ‘wedging
effect’ between the hollow taper shank and holgante, causes friction con-
tact over the full taper surface and the face (f@g.1ci and cii). Two keys en-
gage with the shank end of the toolholder, progdinform-closed radial posi-
tioning’: thereby excluding any possibility of seg errors.

* High tool-changing accuracy and repeatabilityhe tircular form en-
gagement of the clamping claws within the hollowltshank, provides an ex-
tremely tight connection between the shank anddrddindle (Figure 5.1cii).

* High-speed machining performance - improves inth bdock-
ing/clamping power and effectiveness with increas®sdtional speed. The di-
rect initial stress between the hollow shank amdsihindle holder, compensates
for the generated spindle expansion promoted biritagal force and, in so do-
ing, negates any radial play. The face contact giag) prevents any slippage in
the axial direction (Figure 21cii).

13 ‘Brinelling’, creates break-down and delaminatiohthe raceways as the ‘unre-
strained’ hardened balls strike both the intermad axternal races at high speeds, causing
them to prematurely and catastrophically fail invgee.

* Brinell hardness — uses a @10 mm steel ball -e&éme name.

4 ‘Dynamic unbalance’, can occur in either of th@tiwoling planes, these are either
radial, or axial movement, related to the high tioteal speeds of the cutter assembly. In
many cases, dynamic dual-plane balance can bevachiesing specialized tool assembly
balancing equipment (i.e. see the chapter conaghmgh-speed milling applications).
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Shont HSK adaptor 4-point clamping HSK-C hydraulic cxpansion Reduction bush Cutting tooling
(i.e. in front) sel chuck {c.g. Drill)

@

Adjusiment screw for
seiting the drilling depth

Fy L
HSK-A 100 (Interface) - with automatic tool changing

adjustent serew for seting
heigt of chamfer collar

positive drive for
torque safety

re. tool breakage

chamfer collar

chamferning
indexable
inscrt

Drill and chamfer collar are
clamped simuliancously
via hydraulie system

(b)

effective clamping forces

Face play

(ci) (cii)

Fig. 5.1. HSK high-speed modular tooling,
for machining applications on turning/machining tegs:
(a) HSK — an exemplary mechanical interface design;
(b) sectioned HSK: chuck, collar and sleeving; fitiing position; (cii) clamping position
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» Short tool changing times — due to much lightalihg, when compared
to a conventional 1SO taper: the shank is aboutoi/Bs length and, approxi-
mately 50% lighter in weight.

* Insensitive to ingress of foreign matter — thenterrupted design of the
ring-shaped axial plane clamping mechanism, simegli€oupling cleaning. Dur-
ing an automatic tool-change, compressed air pumggsng surfaces and pro-
vides cleaning at the interface.

* Coolant through-feed — via centralized coolaeidf®y means of a duct,
which also excludes ingress of coolant, as thetfrand back-ends are entirely
sealed — preventing fouling of the mechanical fiat=s.

» Tool shank construction is both simple and ecandmproduce — as no
moving parts are present, thus significantly mizimg any potential surface
wear.

These major tooling advantages for the HSK-typdirigodesign, has
shown a wide adoption by companies involved in fageed machining applica-
tions, throughout the world today. In the followisgction, a case is made for
tool-presetting both ‘on’ and ‘off’ the machine tpwith some of the important
tooling factors that need to be addressed. Thelgabassociated with tool-
kitting and the area for undertaking such actisitrgll be discussed, in order to
ensure that the tools are efficiently and correegembled, then delivered to
the right machine tool and at the exact time rexgli this is the essence of suc-
cessful “Tool management'.

35



6. TOOL MANAGEMENT

Manufacturing industries involved in machining cgte@ns encompass a
wide variety of production processes, covering aeresive field of automation
levels. Not only will the cost of investment vamorn that of simple ‘stand-
alone’ CNC machine tools, to that at the otheresmtr: a Flexible Manufactur-
ing Systems (FMS), but other factors such as pitodtycand flexibility play a
key role in determining the tooling requirement doparticular production envi-
ronment (Figure 6.1). Each machine tool, operaitiger in isolation (i.e. in a
‘stand-alone’ mode), or as part of a manufactucetl/system, needs specific
tooling (i.e. tool kits) to be delivered at prebed time intervals. Such tooling
demands are normally dictated by the devised segueh production from
some ‘simple’ form of manufacturing requirementthat of a highly sophisti-
cated computerized ‘Master Production Schedule’ $)P

Flexible Manufacturing System

Flexible Production Cell

Flexible Production
Line
A Universal Machine

&= || |Special-purpose =
Z : :
= Machine l y=
= ——— — —_— =\ —
o . |
m ':_. = maximum
> =
4 /
= / =7 medium
o i
E-q
n
) small
O

small medium maximum \

PRODUCTIVITY Transfer Line

Fig. 6.1. A comparison of manufacturing systemsbdasgoon the following criteria:
automation level, productivity and investment costs

Note: courtesy of Scharmann Machine Ltd.
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With the introduction of CNC machine tools in tla¢e 1970’s, the drive
has been towards smaller batch sizes, this hastnieansome form of tool
management has become of increasing importanceaahimng operations, in
order to keep down-tinito a minimum. In an USA survey of tooling actiegi
conducted some years ago into manufacturing corapanvolved in small-to-
medium batch production using CNC machine tools, ttoling requirements
and scheduling left a lot to be desired, in terrnefbicient tool management —
verging in some cases, on the chaotic! In Figug& the diagram depicts the
typical ‘fire-fighting’ concerned with this lack dboling availability, highlight-
ing the tool problems that were found. Here (Fighi®), the diagram illustrates
the actual time-loss constituents — in % termsarfeshowing that ‘line-
management’ and operators spent considerable tideeéfort trying to find
tools in the machine shop, or were simply lookiogtbols that did not exist!

TIME-LOSS CONSTITUENTS — AS A %:
50 100
t T T T T i

40% Time: spent by
supervisors looking
for tools

|

24% Time: no
machine tools
available to
fulfil needs of
production

|

———-——--———————'—————————-<~=::l—d——-—---—~=

20% Time: spent; X
by machinists [ |
looking for ; Il
i |
i I

tools

162 Time: caused
by lack of tools
available

Fig. 6.2. A cutting tool survey of companies in th8A —
illustrating the tooling ‘fire-fighting’ solutionsn the shop floor

Note: courtesy of Kennametal Inc.

15 ‘Down-time’, refers to the non-productive time tl@curs when the machine tool is
not actually involved in any machining operatiomhis ‘down-time’ might be the result of a
range of individual, or inter-related factors, sum$t unexpected machine tool stoppages,
changing and adjusting tooling, setting-up theufigs/jigs/pallets, planned maintenance, or
tools that are simply not available for the macho@ when they are needed!
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This chaotic state of affairs, meant that highlgeurctive machine tools
were idle, while this ‘self-defeating activity’ was progress. With the actual
machine tool running costs being so high, this @iaileaction was somewhat
futile and cost these companies considerable finhracumbrance, that would
be difficult to estimate — in real terms. Todaymsoof these problems are still
apparent in many machine shops throughout the wsodhe tooling problems
mentioned here are still valid. Had some form ahfde’ tool management sys-
tem existed within these companies, then manygtifali of these tooling-related
problems would have been eliminated. This fact atas confirmed in this tool-
ing survey, by some of the more ‘enlightened’ conmps that utilised tool man-
agement, either operating at the most elementaey, i that of a highly sophisti-
cated computerised system, that encompassedtdotalontrol: servicing, preset-
ting, delivery of kits, replenishment of toolingsk levels and monitoring of tool-
ing and its utilisation level within the productioperation in the machine shop.

It is not unreasonable to assume, that tooling ntorees can be vast
within a relatively moderately-sized machine shiop. 6ee Figure 6.3 as it visu-
ally indicates the problem of keeping some forntartrol of the tooling). Not
only is keeping track of individual tools and thelentification, tool-building,
presetting and kitting, together with other toolmsdated problems, becoming an
almost impossible task, particularly when this xaeerbated by companies at-
tempting to run a JIf philosophy, coupled to that of an MRBIproduction
scheduling operation.

In the past and, for many ‘traditional’ CNC prodootenvironments, any
form of ‘tool management’ was generally the proeiraf the machine tool op-
erator. So, alongside each machine would be sduatanited kit of tools, these
being maintained and replenished with spares andurnables, via the opera-
tor’'s liaison with the tool stores. Hence, a skilketter/operator’'s main tooling

16 9IT, refers to the manufacturing philosophy dust-in-time’, where the system
was developed in Japan (Toyota — in the main)nsuee a philosophy and strategy occurred
to minimize time and production wastages. The JXlicg has essentially six characteristic
elements, these are: (i) Demand call — the entaeufacturing system is ‘led’ , or ‘pulled’ by
production demands, (ii) Reduction in set-ups andler batches — minimizes time-loss con-
stituents and reduces WIP*, (iii) Efficient worlo¥ll — thereby high-lighting potential ‘bottle-
necks’ in production, *work-in-progress (WIP) lesg(iv) Kanban — this was originally based
on a ‘card-system’ for scheduling and prioritisagfivities, (v) Employee involvement — us-
ing their ‘know-how’ to solve the ‘on-line’ produonh problems, (vi) Visibility — ensuring
that all stock within the facility is visible, thedsy maintaining ‘active control'.

" *“MRPII', Manufacturing Resource Planning (i.e. wasveloped from MRP) — es-
sentially it is a computer-based system for dealiiip planning and scheduling activities,
together with procedures for purchasing, costslatiog, inventories, plus planned-
maintenance activities and record-keeping.
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responsibility was to select the correct toolirfigrt devise cutting techniques
and utilise the appropriate machining data necgssagfficiently cut the parts.
This ‘working-situation’ enabled a process planmerpart-programmer to treat
the machine tool and operator plus the tool-kitaasingle, ‘self-maintaining
system’ — with a well-established performance. Su@duction circumstances,
allowed work to be allocated to specific machinelgpwhilst leaving the de-
tailed cutting process definitions: tool offsetmltpocket allocation, tooling cut-
ting data (i.e. relevant speeds and feeds), coalgplication, machining opera-
tional sequencing, etc., to that of the operatoré&vious skills and knowledge.

Today, with the increasing diversity of work thandoe undertaken on the
latest CNC machine tools, which has occurred assaltr of the flexibility of
manufacturing in conjunction with reductions in omic batch quantities, this
has change the pattern of working. In order to ocefie such work diversity,
some ‘stand-alone machine tod¥shave acquired a very large complement of
tools. However, a situation soon develops in whelther the operator, nor the
part-programmer is sufficiently in control to actegsponsibility for the range
of tooling dedicated to any specific machine tboBo, as a result of a full-
deployment of CNC machine tools, the productioraaigation related to tool-
ing applications, would normally change to one tmch:

» The production process is defined separatelyirgoemotely situated
from the shop floor.

* Machining programs and associated tool list aoelppced — these being
sent down to both the machine tool and tool-kittiagea via a suitable
‘DNCIink’ ?°, with all of the process data and tooling ‘fullgfohed’.

NB There may be some element of doubt concerningulaéty of the tooling defini-
tion and even the cutting data produced when thiewses originally programmed.

» Batch sizes become smaller — the operator isrundesasing pressure
to run the given program without alteration, whielads to ‘conservative cut-
ting’ resulting in less-than-optimum machining.

18 ‘Stand-alone machine tools’, is a term that reterhighly productive CNC ma-
chines that are not part of an automated envirotnsech as either, a flexible manufacturing
cell, or system (FMC/S).

191f the company has not purchased a computer-aigedifacturing (CAM) soft-/hard-
ware system, then it will not be in a position aie full advantage of the complex aids for
tooling-selection criteria available with many dietmore sophisticated CAM systems now
currently available.

20 ‘DNC-link’, is a term that refers to the directmarical control, this being associ-
ated with a shared computer for the distributiopaft program data, via data lines to remote
CNC machine tools and other CNC equipment in aegyst
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* Machine operator runs the program with the minmmaof alteration —
this means that the ‘fine-tuning’ of the operatgrast experiences are not util-
ized, thereby creating inefficiencies in part cytohees.

These factors make the whole operation criticafigehdent on the ability
of the tool-kitting area to supply and support fyet programmer’s specific
tooling requirements. This is an unsatisfactory exadfective tool-management
system, with the major problem being that thereaseed-back of experiences
gained from machining specific components, whiclolwiously undesirable.
This situation results in the part programmer besbgvious to any problems
encountered during component machining, causingrtadr lack of awareness
in the tool-kitting area, producing a critical lagstool management support.

To minimise the problems associated with the latknformation re-
ceived by the part programmer and the tool-kittnga, feed-back can be estab-
lished from the operators, which can be for the letshop, or for each section
of machines. Normally, a centralised system basednal an appropriate tool
file is essential, this activity in turn, would @dly be controlled and managed
by a file editor. The tool file can be either a mah, or computer-based system,
but will in general, be accessible to the followipgrsonnel: process engineer,
part programmer, machine operator, tool stored, ditd editor and manage-
ment, as necessary — with certain levels of accedss allowing some form of
tooling interrogation (i.e. for security reason&)typical tool file must contain
all the information relevant to the needs of adl televant personnel concerning
every tool available — more will be said on thigitolater.

6.1. THE TOOL MANAGEMENT INFRASTRUCTURE

Whenever a tool management system has been dedelapeorganized
and well-planned tool preparation facility is vital prepare the specific tooling
requirements — off-line, so that tooling might be:

* Built to pre-defined assemblies — from a rangstahdardized stocked
parts, or from tool modules.

* Replacing worn cutting inserts on used toolingeasblies — these tools
being returned for rebuilding, or servicing.

* Measuring tool offsets — then, when it is bothdly and appropriate,
sending tooling in the form of tool-kits to speedimachine tools.

* Inspecting tooling — normally undertaken on toé-setters and by
visual means, to ensure that they are fit for imiateduse.

» Assembling: tooling, fixtures, gauges, etc., asomplete tool-kit' — to
be issued to the appropriate machine tool at thectime.
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In order to ensure that consistent and accuratepreparation occurs, a
documented ‘historical procedure’ covering all logirelated aspects, is necessary,
such as: tool inspection, servicing and buildisgequired for each tool. These fac-
tors can be controlled by utilizing a computerim@ol management system, as only
the data files will need to be updated, togethdin taoling assembly instructions,
with both servicing and inspection being undertdikga step-by-step approach — if
needed. Many of the more sophisticated tool managesystems currently avail-
able, offer a link back to the original Computestesd Design (CAD) software, al-
lowing tools to be shown graphically assembledakgarts.

As the these tools travel around the machininglifacthrough various
stages of preparation and measurement, then asse@bl‘qualified tool-kits’
visiting machine tools and then travelling backiie tool preparation area for
re-servicing, each stage of the tool-kit's cyclesinioe controlled. Information
concerning the tool kit's progress, must be avéalah any instant and, a means
of exercising control is to link each tooling stetito a central computer via a
DNC-link. As the unique data referring to any ta®Istored within the central
computer, its identity can be accessed allowindldigistical progress® to be
precisely tracked within the manufacturing faciliBor some companies that are
unable to justify such a complex tool managementhaotk of tooling control,
then a much less costly and simpler ‘manual systesimig either printed labels,
or bar-codes can be deployed for tool identificatrenen delivering tooling to-
and-from the required machine tool. A cautionaryenoconcerning the use of
paper labels for tool identification, is that thegn more easily become detached
during the machining cycle.

In an automated machining environment, there iseabalternative but to
have a ‘tooling requirement’ and in particular, éoyng some form of ‘intelli-
gent/tagged’ tooling, typically via permanent maehreadable tool identifica-
tion. Such tool identification techniques, allove thecessary data to be interro-
gated and retrieved from critical areas aroundptteeluction facility: machine
tools, preparation area and storage, plus othephmsal areas — as required.
Tooling equipped with ‘intelligent’ memory circuitsmbedded within them
(i.e. typically shown in the case of the non-rogtiBlock tooling’ in: Figures 3.1,
3.2), can automatically perform the functions obltidentification, tool offsets
and cutting data up-dating on the machine toole©thformation complement-

2L ogistical information and knowledge’, in any phaction environment is vital and
has been defined (i.e. by the Council of Logistitanagement — CLM), in the following
manner: Logistics is the process of planning, im@ating and controlling the efficient, cost-
effective flow and storage of: raw material, in-geses inventory, finished goods and related
information, from point of origin to point of consytion for the purpose of conforming to
customer requirements.’
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ing the tooling data-base pertaining to tool semgaeeds can also be exploited
by using these ‘tool-coded data chips’, which aeusely situated within the
‘front-end’ of each tool.

So that ‘complete tooling control’ is maintainedeowall the items neces-
sary relating to tool-kits, it is possible to exdestock control over all the tooling
requirements out on the shop floor (Figure 6.3chStool-tracking is important
and certain logistical questions must be knownhsag what tooling is where,
Is it timed to be there now and, what is its présemdition, together with other
specific questions, which need to be addressed;atidg the complex task of
monitoring all tooling, via a computerized tool nagement system (Figure 6.4).
Tool control software enables these physical tretiwas associated with the:
tooling, servicing, kitting, recalibration, etcq be achieved, without loosing
track of any individual tool items. The tooling seére will also continuously
monitor stock levels, allowing replenishments b&oaed, once any itemized
tool stock level falls below a certain pres-setieal

i
[
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TOOL / FIXTURING CONTROL

Fig. 6.3. Tooling and fixturing must be precisebntrolled at the ‘focal-point’
of kit build-up/replenishment — at the tool prepina area
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TOOL IDENTITY

REMAINING LIFE
SERVICING INSTRUCTIONS
PARTS LIST

INSPECTION RULES
EXPECTED DIMENSIONS

TOOL TYPE
OFFSET DATA

TOOL LIFE
INSPECTION CERTIFICATE

Fig. 6.4. Efficient tool management of tool kiteand the manufacturing facility, requires
some form of ‘tool tracking and identification’ s &its’ are: serviced and built, measured,
the sent to an awaiting machine tool

Note: Courtesy of Sandvik Coromant.

Obviously, it is important to create a suitableltomnagement system,
that can operate successfully in a company’s mackihop and it needs to be
customized to suit their particular tooling requients from a relevant database.
These tooling-related matters will form the basisd discussion in the follow-
ing section.

6.2. CREATING A TOOL MANAGEMENT
AND DOCUMENT DATABASE

Prior to any new machining activities being undegtaand, in order to
establish the ‘true’ production requirements obapany, it is essential that co-
operation and information regarding the customegdsential product occurs.
More specifically, this detailed dialogue should between both the sales and
manufacturing departments. The first requiremenanisunderstanding of the
manufacturing load, typically these being brokemsdanto the following batch
and volume classificatioffs

22 Optimum/economic batch size, this will vary, biubatch size is graphically-plotted
against cost , for values of set-up cost and hgldwst, then the overall total variable cost can
be derived, with the lowest plotted value reprasgrihe minimum cost batch size ‘Q’.
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Job shop — one-, or two-off specialised workpsece
Small batch — up to perhaps 50 workpieces.
Medium batch — between 20 to 100 workpieces.
Large batch/Volume production — >100 workpieces.

NB These classifications of batch size are openrsiderably much wider interpretation,
obviously depending upon a specific company’s prtda requirements and the actual machined
part’'s: complexity, material cost, machining operat and its dimensional size and so on!

At any workpiece quantity greater than the ‘Jobpsievels having simi-
lar production processes undertaken, allows thebetgrouped into ‘families’,
according to their: dimensions, tolerances, worgpieaterials, etc. This tech-
nique of allocating components to be machined swtailar groupings is often
termed ‘Group Technologs.

It is vitally important that both the Sales and k&g personnel are
aware of the company’s patterns of manufacture thed capabilities, if the
company is to be able to rapidly respond to thast@mer’'s needs. The sales
force will be able to relate a customer’s requiretado the standard range of
parts produced, with the manufacturer being in sitjpm to ‘fine-tune’ even
small production runs for maximum efficiency. Byngorehending the manufac-
turing process for the company’s standard-rangésys the optimum condi-
tions of production to be utilized, even when ‘nfa standards’, or even ‘spe-
cials’ have to be produced. Flexibility here, pthe ability to cater for unique
customer needs, may offer new market opporturiidiethe company.

6.3. OVERALL BENEFITS
OF A TOOL MANAGEMENT SYSTEM

By the correct implementation of a basic, but cotmpetool management
control system, the following list highlights thewards’ that can be expected:

* Manpower is conserved and training requirememitmized.

* The number of tools lost, or misplaced is reduced

» Timely and up-to-date information on tool usag@rioduced.

» Tool inventory shortages are identified and préed.

23 :Group Technology’ (i.e. GT), is essentially wtid for ‘groupings’ in two distinct
varieties: (i) Component geometry — the ‘closerasshapes’, (i) Similar production proc-
esses — such as: Milling, Drilling, Turning, etchelbenefits of utilizing a GT-approach to
manufacture are: smoother logistical work-flow, glifited work control, more efficient plant
layout and improved use of floor-space, contribyitio enhanced manufacturing versatility
and better response to variable workpiece shopigadi
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» The accuracy of the tooling inventory is improved
* Inventory levels and excess purchasing are meachi
* Time spent on re-ordering, etc., plus ‘piecemaaichasing’ are re-

* Record-keeping functions are consolidated.
» Tool tracking and tooling availability within theachine shop is moni-

Tools in rework can be tracked.

A record of scrapped tools can be kept.

Obsolete tooling can be identified and then eiated.

The cost of the total tooling inventory can bgically-assessed.

» The gauges and fixtures supplied with the totd &an be identified and
tracked.

» Machine tool set-up, tool-return and withdrawalds are reduced.

» Possibility of pin-pointing over-use machiningoplems, by specific
personnel.

» Improper charge-outs, losses, or pilferage camipémized.

» Space requirements and overheads are reduced.

» Possibility of incorporating existing tool numbeand current mode of
operation into an automated system, without makawlical changes.

Tool management systems provide all of the abowefiis, by allowing
the operations to be easily reported, analyzedcanected, enabling timely de-
cisions to be made, concerning the tooling, withrtiinimum of manpower and
operational changes necessary. So that the infnmegquired by a company
can be obtained, the system should be organizedaw personnel responsible
for the tools to record their activities. On thodg floor’ , it is the usual practice
to allow two basic groups of the workforce levelgesponsibility/access to the
system to provide both vital and helpful toolindprmation, these are the: Tool-
ing-supervisor and Stores personnel.

So far, the information on Tool management systlias been princi-
pally concerned with the justification and benefitet accrue through the
adoption by a company and the philosophy underpmiits practical applica-
tion. In the ‘continuous circle’ of tool monitoringnd control, the tool-kitting
area is at the ‘heart’ of the overall tool managenhmocedure. This vital day-
to-day activity of tool preparation and settingllwe the subject of the follow-
ing section.
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6.4. TOOL PRESETTING EQUIPMENT AND TECHNIQUES
FOR MEASURING TOOLS

Cutting tools that are to be utilized on CNC maehiools for the produc-
tion of workpiece features, need to have exact oreasent information regard-
ing their offsets known, so that the CNC program eatomatically displace
(i.e. offset) the tool these dimensional distanoesyder to perform the intended
machining task. Otherwise, major errors in the nrah component’'s dimen-
sional features would result. Hence, cutting taploan be classified under three
distinct headings, these are:

1. Unqualified tools — these are tools that doh®ote known dimensions,
therefore they must be independently measuredhes® tvalues can then be lo-
cated and placed into a ‘suitable field’ within t8&IC Controller’s tool table.
Typical of such tooling, are special-purpose foouls that may be considered
to fulfil this classification.

2. Semi-qualified tools — these are tools wherealobf the tool meas-
urement offset data are known. For example, a &plobber drill's diameter
would be normally be known — say, @12 fMnpbut perhaps its length for the
purposes of utilizing it immediately would not. Tafore, it would necessitate
measuring the drill's length, once it has beenatljtlocated and held in an ap-
propriate chuck.

3. Qualified tools — are when all the tool offsatalare known and this in-
formation can be readily input into the CNC cor&cs tool table. Typically,
‘Modular quick-change tooling®, can be considered under this category.

4 \Whenever a tool's dimensional size is known, iésessary to refer-back to the in-
dividual tooling manufacturer’s tolerance specifica, in order to establish the limiting val-
ues when this data is utilised, when the tool isb& used without any form of pre-
measurement being undertaken.

> Modular quick-change tooling, such as the ‘frontfecutting units, fitted into the
already machine tool-pocketed and located ‘bacls’enypified by the ‘KM tooling’ ranges,
would give the following repeatability readings:

» Axial tolerance £0.0025 mm.

* Radial tolerance: £0.0025 mm.

» Cutting-edge height tolerance: +0.025 mm.

NB All of these tooling manufacturer’s tolerancemitithe machining tolerances that
can be held, unless they (i.e. already placed withiick-change tools in their respective
holders) themselves are measured, which tendsgate¢he rationale for their original pur-
chase!
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Presetting on the Machine Tool — Tool Contacting

When setting an ‘unqualified’ tooling dimensionuek as a drill's length,
on the machine tool, this being the crudest forrtoof presetting. It is achieved
on say, on a vertical machining center, in theofslhg manner: the cutting
tool's tip is held in the machine’s spindle angsitioned over the table, being
slowly ‘jogged-down® until its just touches a suitable ‘setting bldékThe
Z-axis position is then noted and its value is matcally entered into the tool
table, giving a ‘semi-qualified’ tool offset, thaan then be used for the impor-
tant Z-axis motion — when coming down onto the poeke’'s surface to begin
engaging in the first cut. If each tool length ba®e input into the tool table’s
‘offsets’ , then this simple procedure has seveliahdvantages: it is labor-
intensive, ties-up cycle considerable time, itather inaccurate and, it sets only
one offset dimension. In the case of turning centiégre technique of determin-
ing offsets is different, but similar limitationslsapply.

A tool presetting device is often used on manyd&y’s machine tools, this
technique is typified by the ubiquitous ‘touch-tyéy probe®™. Hence, this type of
tool-contacting presetting probe fulfils a numbgigooted benefits’, such as:

26 *Jogging-down’ — sometimes referred to as ‘inchitoyvn’, is a manual means of
slowly lowering the tool’s tip down onto a surfaeen this case a known height ‘setting-
block’. This linearly-controlled action is achievaay employing the *handwheel’, which al-
lows the handwheels angular rotation to be equtieah operator preselected incremental
amount. This incremental motion can be changed smaller value, as the block is slowly
approached, to give a sense of ‘feel’ (i.e somewkatusing a ‘feeler-gauge’), as contact is
made between the tool and the block.

NB The tooling is usually kept stationary while thianual setting activity is undertaken.

27+Setting blocks’, are usually manufactured fronndemed steel, that have been accu-
rately and precisely ground to a known dimensi@iaé and tolerance, nominally to some
conveniently ‘round figure’ , for example:100 mmhiright. These ‘blocks’ are usually either
rectangular, or round in cross-section. The recaimgones are preferred, because different
nominal dimensions can be utilized for each adjigdiat and square face. The tolerance for
the ‘Setting block’ should be ‘very close’, as atifference from the nominal size when input
into the tool table, will impinge on the overall kpiece tolerance, in essence, somewhat re-
ducing the tolerance’s ‘working range’.

28 Touch-trigger probes’, in the simplest form th&®s®| probes’ are omni-directional
switches, that are sprung-loaded, which when tbenmkes contact with either an attached
setting cube, or a cylindrical ‘setting gauge’ (FIg$3b), it immediately breaks the electrical
circuit. This loss of electrical contact occurs wtibe three equi-spaced precision rods: each
one seated on two precision balls (i.e. each radgbeositioned at 120° to each other) in a
simple kinematic seating mechanism, are lifted/pdskither individually, or ‘as one’ out of
their respective seating(s), which triggers anctleal pulse’ representing a nominal dimen-
sion and is automatically recorded as either atleray radius — in the case of a rotating tool,
which then automatically up-dates the tool tabtéfsets for this tool.
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» Setting/re-setting of tool length and diametelg@ife 6.5 (b)) — auto-
matically up-dating, or correction of the respeetigol table offsets, even while
the tool is still rotating.

* Measurement of a complete tool station — autaralyi in just a few
minutes.

NB A small vertical machining centre with a 12 totb6l station, would take at least
5 minutes per tool, with the traditional manuahteique, mentioned above (i.e. see Figure 6.5 —
bottom right, inset graph/description).
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Fig. 6.5. Cutting tool offsets being set on a tngh@and machining center:
(a) tool-setting on a CNC Turning Centre with alteye'
for automatic tool table offset up-dating; (b) tofiset measurement, employing a table-
mounted tool setting touch-trigger probe for len§tiameter compensation

» Elimination of manual setting errors — tools tha¢ set manually, par-
ticularly tooling such as a large diameter facd,ntilvill be open to errors when
setting both height and diameter offsets. Thiseisalbise each cutting insert may
‘stand proud’ in its respective seating, givingadsé offset reading — when sta-
tionary. Ideally, the whole tooling assembly netxdse rotated as its offset is set.

* No presetting of tools is necessary — as thaitematically undertaken
on the machine tool.

« Accurate and precise ‘First-off machiniAty- this is the result of con-
fidence in the tool offsets, set by the ‘probingtsyn’.

29 ‘First-off machining’, this term is self-explanayo in that it is the first component
produced in a batch which is simply known as thestFoff’ the machine. Invariably, this ini-
tial component produced, is subject to rigoroup@asion procedures, being the ‘initiator’ for
calculated data concerning the whole batch’s magrodl and statistical variabil-
ity/consistency.
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* In-cycle tool breakage detection — at convenard programmed pre-
selected intervals, the tool's offsets can be chddkr either: tool wear — to a
prescribed level, or tool breakage, which will an&tically stop the machine
preventing either further workpiece damage, or-parappage.

» Improved confidence in unmanned machining — duhe fact that tool
breakage detection periodically occurs, untendedhmang operations can be
undertaken.

These are ‘real benefits’ that occur when usingrwachine’ tool preset-
ting equipment, but the ‘down-side’ of such systesithey do utilize some po-
tential in-cycle cutting time. This negative effeting some of the cycle-time,
can be significantly reduced for the following p#mg system, employing non-
contact laser-based tool setting techniques.

Presetting on the Machine Tool — Non-Contacting Tddetting

In recent years, laser systems for tool settinglanten tool detection on
CNC machining centers have become popular (Figue & manufacturers re-
alize the benefits of fast process set-ups andangss feed-back on the tool's
current condition, particularly on diminutive taad that cannot be easily meas-
ured by the more usual contact-type sensors.

Laser non-contact tool setting systems, utilizeeanb of laser light which
passes between a transmitter and a receiver, tbedtesr on the bed of the ma-
chine, or on each side of it allowing the beamdespthrough the ‘working vol-
ume’ (Figures 6.6 (a) and (b)). Hence, the tooksgage through this beam
causes a reduction in light as seen by the recemach will then generate a
‘trigger-signal’. This ‘triggered-signal’ for the ashine’s actual position, is in-
stantly recorded and from which, the tool’'s dimensi characteristic can be de-
rived. Not only can the system measure the requoels dimensional parame-
ters, it can also be used to detect broken todiss ol breakage process in-
volves rapidly moving the tool into a position wldt can intersect the laser
beam, so, if the light reaches the receiver, ard the tool’s tip, or point, must
be either missing, or broken. There are quite ctamable benefits that accrue by
the application of a non-contact laser tool settipgtem, these include:

* Rapid measurement of both tool length and diametéools can be
moved into the laser beam at high speed, withalt or any attendant damage
and the tool offsets are automatically up-datedyfé 6.6 (a)).

» Fast tool setting times can be achieved — taaisbe measured at normal
rotational speeds, allowing tooling assembly apértétment errors such as radial
run-out, taper ‘pull-back’ to be identified, theongpensated for by the system.

* Minute or delicate cutting tools can be convetliemeasured — with-
out any subsequent tool wear, or damage (Figuré®).6
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» Tool breakage can be checked at very high feeslratthis efficient
process minimises cycletime, while increasing aterice in untended machin-
ing applications.

* Multi-point tooling can have each facet checkettis is automatically
undertaken while the tool rotates.

» Monitoring tool settings on the machine — enaldempensation for
any ‘thermal movement of the machine spindle.

Although the measurement process lasts for onlgwa deconds, this is
long enough for the chance of a falling coolanpdd intersect the laser beam,
possibly creating and attendant measurement éfce, the laser tool setting
equipment, must be able to distinguish betweenatezhs in light at the re-
ceiver, created by a ‘falling object’ (i.e. termédkip-rejection’) as compared to
rotating tool, if it is to avoid ‘false-triggeringdroducing tool measurement er-
rors. This elimination of ‘false-triggers’, is aeled by the filtering-out of sig-
nals by the electronic interface, this value besagat a pre-determined ‘trigger-
threshold’. It should be noted, that the laser smiting system cannot cope with
following circumstances: the presence of ‘floodemt], cutter edge and profile
checking, nor with radial broken tool rejection peeses.

The cutting edge laser measurement is quite a @mpbcess, when the
tooling assembly is both rotating and in linear imotsimultaneously. If one
considers the relative motion of just one of thegtter’s teeth, then, its edge
moves in a circular path and superimposed ontolwhilt be the axial feedrate,
this motion being perpendicular to the laser bddance, for each of the tool’s
revolutions, the prominent edge approaches the bessm by an increment, this
value is the feed per revolution. Such incremem@ement introduces a poten-
tial error into measurement of the tool’'s size. katance, if a tool rotates at
1,000 rev min—1 while feeding toward the laser b@@rh00 mm min-1, it will
be seen to advance by 1t between intersections of its prominent cutting
edge to that of the ‘stationary position’ of thedabeam — this being the maxi-
mum possible ‘feed per revolution’ error for anyeoparticular reading. Con-
versely, an improved accuracy can be obtained tating the cutter faster, but
advancing more slowly. For example, if one wantly @anl um rev—1 intersec-
tions, this level of accuracy can be obtained lgtnog the tooling at 3,000 rev
min—-1, while advancing at only 3 mm min-1.

30 “Thermal movement' of the machine spindle, is imgnt, as the whole tooling as-
sembly can effectively ‘grow’ due to thermal effgctvhich may present problems — if not
compensated for — when very tight machining toleesnhave to be held, or maintained
across either a high-quality machined componenrozonsistency in a large batch run.
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In order to minimise cycle times, the tool measwpinsoftware, pro-
grams the machine tool to move the tooling intoldeam initially from a ‘stand-
off distance’ that is adequate to account for theeutainty of tool assembly
build-up — this is important when setting the tedéngth, if the tool is held in a
collet, or similarly-designed toolholder. So, tingial move is a fast feedrate to
gain an approximate position with respect to treedas beam, from which the
tool is backed-off by a small linear distance. Hehe tool is ‘probed’ at a re-
duced reduced feedrate, this is necessary to noorgately find the tool's loca-
tion, from where a very short distance ‘back-offove is executed. Finally, a
measurement move is completed at a very low feedsat that an accurate
measurement is tenable. This complete tool checgnogess is considerable
quicker than approaching with the laser beam abrestant, but low feedrate,
from a larger ‘stand-off distance’ — see Figure @)% While, yet another chal-
lenge to precise and accurate tool measuremettite isesult of the presence of
either coolant, or debris on the tool's tip whichabout to be measured. The
most significant problem facing non-contact sensiwpen compared to its
equivalent contacting techniques — this latter metachieves ‘hard-contact’
with the tool and can thereby safely ignore anylaatofilms, or liquid drips — is
that in the former case no actual tool contact cclihis lack of contact in the
presence of fluid media, can be overcome by rajatie cutting tool assembly
at very high speeds, so as to dislodge any flisatitee, or perhaps another strat-
egy is by utilizing an air-blast on the tool formoontact measurement.

Yet another software technique that can be usdtigi€apacity to meas-
ure the tooling several times and apply a ‘scdtigrance’ to check for any
variation resulting from measuring ‘something’, etithan the tool itself (Figure 6.6
(d)). This software routine will retake readingstiurt obtains several values
within the required tolerance — these ‘tool-chegkietries’, plus the ‘scatter tol-
erance bandwidth’ can be pre-selected by the user.

The detection of broken tools is somewhat less deing than for tool
measurement — in terms of accuracy and precisitrguggh the cycle-time tends
to be more critical. The demands on a laser bro&ehdetection system require
it to be ‘active’ at the instant it is required ab@ able to operate under the pre-
vailing conditions, instantaneously after machingigps. The laser transmitter
for the non-contact tool detection system showRigure 6.6 (ai), has been de-
signed with a ‘MicroHole™, this ensures that the presence of coolant ddes no

31 ‘MicroHole™’ — both for the laser transmitter atite optical receiver, incorporate
an angled aperture of just 0.75 mm diameter, asdhsures that protection from: coolant,
chips, swarf and other debris such as machinechgeafines occurs, because of a continuous
stream of air that flows through and along therlase
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affect the integrity of the laser system. In pregtithe laser system reliably op-
erates under relatively ‘harsh’ workshop conditiamsl the broken tool detec-
tion system works in the following sequential mamne

1. Tool's end is moved at rapid traverse into #sef beam by 0.2 mm.

2. Tool breakage cycle is activated via an M-cadmfthe CNC controller.

3. End of tool dwells in the laser beam for betw8ednto 0.3 seconds.

4. If laser light is received by the optical re@iwnit for more than a
specified time-period, typically 1(Qs, then this distinguishes a broken tool is
present.

5. If laser light is not received by the opticateger unit, then the tool's
condition is satisfactory.

6. Tool is the moved rapidly to its respective hgrosition — end of cycle.

NB This detection cycle also enables small toolsdadnspected, even when in the
presence of ‘floodcoolant’, thereby minimizing a«times.

These laser non-contact tool setting systems, off@my more software-
based features, not described here, such as: puttle checking routines, to-
gether with many inspection/checking routines fitlhex tool measurement, or
broken tool detection. Furthermore, laser toolisgtsystems provide machin-
ing-based companies with a rapid, flexible, aceu@td precise approach to
control tooling dimensions and offer the technignesessary to increase ma-
chining automation.

Universal Measuring Machine — for Checking Tooling

In many machining circumstances, the tool's prolilcomes part of the
contoured form for the final machined componenter€fore, it is important after
the milling cutter has been multi-axes ground ttesired profile, that this form is
rigorously inspected, as the cutter’s ‘rotated-shapll become part of the final
workpiece geometry. In order to establish this gcbaomplex cutter profile, spe-
cial-purpose universal tool measuring machines baea developed (Fig. 6.7).

Such multi-axes machines have a range of functimos) simply manu-
ally-checking elementary cutter forms, to thatwfyfautomatic assessment of a
multi-faceted form cutters. The machine illustratedrigure 6.7, is based upon
‘sound’ kinematic principles, equipped with threeehr axes and two rotary
axes. The high-precision linear guidance motioescantrolled by re-circulating
ballscrew®, these being propelled by servo-motors.

32 Re-circulating ballscrews, their geometry is basedn the ‘Ogival’, or ‘Gothic
arch’ principle. This geometry, ensures that poorttact occurs between the ball, its nut and
the screw, contributing low friction with betterati©0% efficiency, at high-velocity slideway
translations. Such ‘Ballscrews’ offer minimal beadth, with better than um accu-
racy/precision over 300 mm, typically having higtffsess values of up to 2000 n™.
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The incident light measuring technology associatét this type of ma-
chine is quite sophisticated (Figure 6.7 (b)), offg 3-D image processing, to
permit threedimensional geometrical cutter elemeatbe fullyautomatically
measured — using a ‘proximity method’ of assessnidm camera, lens and the
LED incident light in combination with its automeaily dimmable segments,
have been designed to operate with: ground, oreer®®CD, cemented carbide
and HSS tooling. Special-purpose ambient lighefdtand an automatic lighting
calibration function, ensure that tool coatings;hsas: ‘chemically-blackened’,
TiN-coating, or brightly-ground tool surfaces, dam scanned in 3-D, plus their
respective profile geometries.

(L

(@) (b)

Fig. 6.7. An automated five axis CNC universal to@asuring machine
for metrological and geometric inspection: (a) Faxes CNC tool measuring machine;
(b) the camera, lens and the LED incident light

The image processing software is enhanced, alloairenge of complex
tool geometries and profile forms to be evalualemlgain an understanding of
this tool geometry complexity, some of ground tiooins are depicted in Figure 6.9
where ‘programming routines’ based upon an optmall presetting machine are
shown, for profile assessments. Typically, theswarsal tool measuring ma-
chines (Figure 6.7) have image processing softvai@ying for the following
tooling-based metrological assessments:

 Incident light image processing — with automaltiemination control,
offering ‘search-and-run’ and auto-focus enhancesmen

NB For manual measurement of radial, or axial toangetries, this is achieved at
x200 magnification, having facilities for both ineagiemory and log output.
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» Contour-tracking tool/workpiece measurement -heut the need to
write complex programs which can be readily undema

NB Thousands of tool geometry data points can be unedsn just seconds, backed-
up with nominal/actual comparison for ‘best-fit' iwh can be speedily and efficiently
achieved. This data can then be either printed-onta ‘test log’, or saved on a disk — for fu-
ture reference.

* Fully-automatic measurement of contour radiivhg) vertically exagger-
ated graphical display of tool’s profile, with tepecified tolerance range, allowing
checking for ‘transitions’ on both the cutter's et along the tool's shanks.

When a new tool requires measurement, it involvesrang only the most
important nominal tooling dimensions, while perfang any necessary correc-
tions during the automatic measuring procedurenatird, this information is
permanently stored in the relevant section of &érigalatabase. From this point,
any further inspection procedure on the tool geometill be undertaken auto-
matically — at the simple touch of a button! Suctiversal tool measuring ma-
chines have tooling-based software measurementgmsgthat permit, inspection
of tools, such as: diesinkers, and thread-milliatiets, etc., to be readily inspected.
This automated cutter geometry inspection, allows information to be
downloaded back to the CNC multi-axes cutter grindéor further tool grinding
enhancement, or it can be sent to the equipméhe itool presetting area.

Presetting off the Machine Tool

High quality tool measuring equipment has been ldgeel in order to
eliminate the disadvantages of tool presetting len machine tool. Presetting
machines (Figure 6.8) are usually designed sothiegt can accurately and pre-
cisely locate the toolholder and its respectiveerutn exactly the same orienta-
tion, as it would be situated within the intendegichnne tool’s spindle. Once the
tooling assembly has been securely located in tegefter, the tooling’s cutting
edge(s), can then be measured by a range of meahsling: a non-contact op-
tical device, a contacting mechanical indicatomnare ‘primitively’ using some
form of comparator gauges. Hence, by making theessary tool adjustments
whilst the tooling is located in the presetter, dperator can ensure that when
this inspected tool is finally located in the maghtool, its respective tool off-
sets will be confidently known and applied to tiktiog operation in hand.

By utilizing a tool presetter to measure and selstoff the machine tool,
this has been shown to increase the shop floorugtawity by >12% for every
machine using preset tooling. Due to the demandth&highest ‘up-time’ pos-
sible in the automotive sector, virtually every gwotion shop employs measured
and preset tools. In fact, studies conducted atufaaturing companies using a
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presetting tooling facility, have noted that bylizitng a presetter, this has been
shown to save typical workshops >4.52 minutes etrerg tools are changed. In
the following example on the use of presettenwas noted that significant produc-
tivity time and hence cost-savings can be accrilege calculations being based
upon 20 tool changes per eight hour shift, thiseghe following savings:

e Minimum time saved for each tool = 3 minutes.

» Total minutes saved per shift = 60 minutes.

« Calculated productivity increase = 12.5%

Fig. 6.8. Optical tool presetting machine for sagpibated tool management control

3 This 12.5% productivity gain, meant that one hwas saved for every eight hours
of shift operation. Hence, if the facility was ranthe ultimate level of operation, such as in a
mass production automotive machining facility, rmgna continuous three-shift system,
seven days per week. Then, a total of three hoerday, or 21 hours per week would be
saved, which would mean that the amortization lher ¢apital plant (i.e. the presetter and its
presetting environment), would be very short indeed
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Significant tool setting and changing timesavings anly one major ad-
vantage from utilizing a sophisticated tool presetind its associated screen
displays in Figure 6.9, other features includeegnated tool measurement and
inspection and data-storage facilities. Downloadihig tool offset and other
important data through a DNC-link to each relevaachine tool, making them
a vital part of the overall tool-management syst@nhigh-quality tool preset-
ting machine can set tools to ‘micron-levels’ ofa@cy and precision (i.e. typi-
cally + 2um), holding these preset levels with confidenceam as they begin
cutting chips — so no ‘trial cuts’ are necessargrébver, a range of toolholding
‘backends’ can be accommodated in the machineisdbni by using special-
purpose adaptors. The tool presetting softwareeguah operator through the
measuring program and other tool management ta8khin the presetter’s
computer memory, an operator can store and retrievkng information as
necessary, allowing for repeat setups, or replaneno®ls to be speedily and
efficiently measured and set. On the presetter shaviFigure 6.8, this machine
allows typical tooling screen displays shown inuUf& 6.9, having a photo-
realistic input screen, which guides the user tghothe measurement and set-
ting program in easy-to-follow steps. This datatred for further use and en-
ables tooling repeatability, with very little vaboifty, allowing each individual set
tool to have almost identical offset dimensionssTepeatability ensures that the
operator can load the machine tool's spindle wihficlence, allowing for tool-
data optimization to be achieved on the machindnenvthese tools are operating
under batch, or mass production runs.

For many of today’s presetting machines, they altbes operator to in-
spect the tooling with ‘video technology’ (Figur@®¥to assess for tool wear and
its measurement. Flank wear in particular, is ofiegyood guide as to the prob-
able life left in the tooling, prior to a tool chgen At a certain level of predeter-
mined wear land, the tool is deemed to need readiot only can a presetter be
used for presetting tooling assemblies and for waedAr assessment, it can also be
employed to monitor and inspect incoming toolirairsuppliers in the ‘as-received
condition’ , to ‘Vendor raté* and establish the tooling supplier's quality levelin
terms of their tool geometry and in certain inséandimensional tolerances.

34 «vendor rating’ (VE), is a basic form of ‘Suppljrain management’ by an organi-
zation and is normally used in purchase decisiokimga In VE, this evaluation process is
formalized to provide a quantitative measuremerVehdor Quality’ (VQ). Therefore, VR is
primarily meant to impart an overall rating of atpaular vendor for use in: reviewing, com-
paring and selecting vendors — this procedure bammtegral part of a rigorous purchasing
process and in some instances is utilized insteadaeptance sampling.
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Fig. 6.9. Typical cutter screen displays from atiaah tool presetting machine
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If a presetting machine’s tool set-up and inspectapabilities are com-
bined with sophisticated software, its overall e are considerably en-
hanced. Here, it has the potential to perform hoth and component tracking,
together with that of whole tooling assemblies witthe production facility,
whilst operating as a complete tool managemenesystVith such a computer-
ized-system in place, it can store data on indeiditomponents and when re-
quired, select the relevant information to assenabmmplete tool. This data
availability, can include the overall tooling intery and the operator can moni-
tor the workshop’s stock of tools and order rephaeets, based upon a ‘Just-in-
Time (JIT)’ strategy — by directly ordering fromethooling suppliers computer-
ised-stocklists. In order to obtain maximum efingg with the tool presetter, this
can be achieved by linking it with the in-house pater network. Hence, a fully
integrated presetting machine can exchange datethgtcompany’s other periph-
eral-networked computer systems, enabling toal &sd other relevant information
for specific production jobs to be down-loaded diketo the presetter.

After the tooling assembly measurements are coexpléhe presetter can
generate the data in a CNC compatible format, i@ down-load to the des-
ignated machine tool, removing the necessity fog tinachine tool set-
ter/operator to input the tooling and cutting deté the controller, enabling
production to begin as soon as the tools are loadedhe tool storage maga-
zine. The latest tool presetting machines equippéd a full suite of tool man-
agement features and functions, can play a biginoleproving shop: produc-
tivity/component quality, tool life, inventory cant, whilst minimizing down-
time, reducing component cycle times and part $age.

Mounting and Adjusting Milling Cutters

Possibly the most crucial cutter body to correctigunt and adjust, for
the individual cutting inserts, is that of a sideddace cutter (Figure 6.10). The
reason why it is important to set the cutter as$gimnb correctly, is that invaria-
bly the width of the slot in the machined workpiesédentical to that of the re-
spective rotating face widths of the cutting eddéereover, whole cutter as-
sembly must ‘run true’ as it rotates on its afBer with no discernible ‘wob-
ble’ — as this effective ‘wobbling’ will influencéhe machined slot geometry.
At its most extreme, some of these special-pur@bsiing cutters can be >
2 tonnes in weight and larger than 1.5 m in diamédtaving segmented car-

% ‘Arbor’, is the workshop term used for the extemsfrom the machine tool’s spin-
dle that the slotting-type cutter is located anideadr from. It can be cantilevered — termed a
‘stub-arbor’, or supported at its free-end, by gmasupport — normally fitted with adjustable
and suitable matched-bearing diameters.
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tridges that are precisely and accurately fittetbdhe periphery of the cutter
body. As a general ‘rule of thumb’, most of thegpels of slotting cutters are
used to machine component features to a depthuoftimes their slot widtfs.

If a deeper slot is required, then the cutter loalset ‘optimized’ in some way.

Perhaps by using a smaller width cutter than tha@uired for the component’s
slot width and, if possible, cutting each slot faeparately and eventually tak-
ing it to the desired width/depth — arbor interfere permitting.

Mounting cutting inserts in the case of the stagddoothed side-and-
face cutter body shown in Figure 6.10, is relayivaraight forward, due to the
lateral adjustment available by the splined cagw&ideatings. Here, it is impor-
tant to ensure that the insert seat is thorouglelgned prior to commencing fit-
ment. Moreover, ensuring that the contact agalresbbttom face of the seat oc-
curs, prior to tightening the set screw — normadlya final torque value of 5 Nm
(i.e. illustrated in Figure 6.10 (b)).

() (b)

Fig. 6.10. The correct mounting and setting of @irog inserts
in a staggered-toothed side-and-face cutter body:
(a) mounting & dimensional setting of a staggem@attied milling cutter;
(b) insert mounting: requires insert seat to bedahghly cleaned, before commencing
& ensure that contact is achieved between thefgeet prior to tightening the screw,
which has been previously lubricated

3 When full slotting, using a side-and-face milliogtter at 40% of the maximum ra-
dial cutting depth, a typical feed per tooth wolh&around 0.25 mm tooth-1.
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Each set screw should be lubricated with the recent®d lubricant be-
fore reuse. In order to ensure that each cuttisgrtrruns true, the slotting cut-
ter, or face mill assembly, should be correctly nmted — in the former case,
onto the arbor, the latter into the correct spinibse taper — being held on a
suitable presetting machine.

The whole assembly is then rotated to ensure theth eutting insert is
both radially and axially positioned, thereby emsyrthat no edges ‘stand-
proud’ of each other and at the same time configntirat no discernible ‘wob-
ble’ in the rotating assembly occurs (i.e see tbepdslotting cutter, held in a
stub arbor with support, allowing the whole tooliagsembly to be rotated and
each cutting insert to be inspected/measured gar€i6.11).

Although cutter keyways are not strictly-speakingnaunting problem,
the subject does need to addressed, as if the’sultameter and its associated
driving keys are not considered, this will limitetloverall milling performance
of the cutter. With most slotting, and side-andefaatters fitted to arbors, they
normally require a keyway/key for rotational drigipurposes for the whole cut-
ter assembly. Usually cutters that are <@125 mrh wisert sizes ranging be-
tween 6 to 8 mm, then one key will suffice, buttetg >@140 mm with insert
sizes of between 11 to 14 mm, they would frequemlgd two keyways

(@) (b)

Fig. 6.11. Cutting inserts for large diameter astrequire pre-setting
to minimize any run-out: (a) a special-purpose eg&epng cutter utilized for the production
of components for the Eurofighter 9 i.e. Typhod);deep-slotting cutter insert are pre-set
to a 10 micrometers run-out tolerance on the toesgtting machine

37 Keyway positioning for two keys — is usually givby the distance between them
as: 180° minus half the peripheral pitch of adjacerting inserts.
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Cutter diameter and driving key limitations, ar¢edmined by the cutter’s
bore and its connected keyway, together with the&Cx@ing limited by several
factors: the arbor OD, its mechanical strengths @iy deformation of the driv-
ing key(s). For vertical slotting applications, méuag the cutter on an large di-
ameter arbor with the minimum of overhang is déda&ralf the feed per tooth
can be reduced — assuming component cycle-timésaNal — then this will re-
duce the tendency of key deformation during milliMjlling calculations and
key strength, can be obtained from the followingressions and are valid for
new cutting inserts:

Torque (T) = P [kW]/n [rpm] x 60,00042Nm]

Force (F) = T/d [mm] x 1,000 [N]

Shear [keyway] stress)(= F/area = F/A x E [N mm.

NB As the cutting inserts wear, the above values intliease by approximately 30%,
therefore, it is usual to add a ‘safety factorthie key(s) material shear strength, by multiply-
ing this value by 1.5.

If special-purpose applications are required, sashwhen form milling
the ubiquitous ‘Vee-and-Flat’ configuration for aanventional engine-/center-
lathe bed, ‘gang® of: side-and-face, angled- and helical-cuttersdemgoyed to
form and generate these slideways. Here, it is rapoto ensure that when pre-
setting the cutters on the tool presetter, thatthele cutter assembly is held in
the exact manner that they will be utilised wheang-milling’. This ‘gang-
milling’ setup, allows their dimensions and forngs lte inspected/measured,
while slowly rotating the whole assembly. If tweelkcal cutters® are utilized
in a ‘gang-milling’ operation, then their helicdsosild be of the same pitch, but
of different ‘hands’ (i.e. left-ward and right-wardspectively), as this arrange-
ment will balance-out any end-thrust due to opjgosiitter helices.

Setting up ‘Long-edge milling cutters’ — these @@metimes termed
‘Porcupine cutters’, which are normally required floe heavier and longer cut-
ting applications, is quite a complex presettingcess. As the individual cutting
inserts must be slowly rotated to ensure that axidlradial run-out values are kept
to a minimum. Otherwise those inserts ‘standing:gdrof the remainder will suf-

3 ‘Gang-milling’, is a complex forming process utitig two, or more milling cutters
adjacent to one another. So, a side-and-face cldtetted directly together with a helical cut-
ter, represents a ‘gang’ in its simplest form. Tigsng’ of cutters, is normally permanently
mounted together for re-grinding and tool presgttithis is assuming that the cutting edges
are not made-up from a series of strategicallytpos indexable inserts.

39 ‘Helical cutters’, are sometimes known as ‘Slalilshi having either a left-, or
right-hand helix, which ensures that the lengtlewfand its shearing mechanism are reduced
by a ‘quick-helix’, which is necessary for the nmfj of more ductile materials.
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fer from greater wear rates, thereby prematurelyaimg the cutter’'s effective life
quite significantly while milling an unwanted stepo the machined sidewall.

On standard face mills, ‘face run-out’ can be ahlas >5Qum, so when
close tolerances and good milled surface textungaisdatory, then extreme care
must be taken when presetting such tooling assemblin order to assist the
presetting of such tooling on some face mills, rebscrews’ allow fine adjust-
ment to the cutting insert. Such ‘barrel screw’ iges are quite simply-
designed, but surprising effective in both adjugt@md retaining the cutting in-
serts, the following remarks explain how they aesighed and their method of
operation. ‘Barrel screws’ (Figure 6.12 (a)), aerdened to resist deformation
and have a black oxide finish to minimize corrosidio prevent them from
shifting during a face milling operation, a nyloellpt is embedded in the thread
of the ‘barrel screw’. Right-hand cutting insergeueft-hand ‘barrel screws’ and
vice versa, as this counter-acting rotation kedjsitsert locked firmly in its
pocket. The mating surface of a ‘barrel screw’@aamed produce a minimum
contact of 120° occurs, which ensures accuracypagcision, while minimizing
wear. The ‘barrel screw’ hole is off-set toward tieamed surface, to provide
positive contact with the mating surface throughigt range of adjustment of
this screw. It should be noted, that these ‘batetws’ cannot adjust the effec-
tive ‘gauge length’ of the tooling, as the amouhadjustment is limited by the
position of the cutting insert’s clamping screw.

The face-milling cutting inserts are tangentiallpumted, offering con-
siderable support and additional strength to théinguedge. When presetting
the face mill's cutting edges when the cutter baslyequipped with ‘barrel
screws’, the following procedure should be adopted:

* To adjust the insert outward — leave the cutinsgrt tight and simply
turn the ‘barrel screw’ to move the insert to tlesided setting.

NB Adjustment to the cutting insert’s position shooitdy be made in one direction only.

* To adjust the insert inward — loosen both theéirgtinsert and ‘barrel
screw’, push the insert inward, then tighten theertis screw and adjust out
again to the desired position.

In Figure 6.12 (b), the simple ‘flow-chart’ highhts why it is important
to keep any face milling cutter insert’s runoutataninimum. If the run-out of
both the minor and peripheral cutting edges isdatigen this can create several
undesirable problems for the tooling assembly uidiclg:

 Poor surface finish — if a cutting insert ‘staspasud’ of the others in the
face mill, then it will cut in a similar fashion thbat of a fly-cutter, creating a pe-
riodically scored surface — after each cutter nettoh — degenerating the milled
surface texture.
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Cutting edge runout accuracy of indexable inserts on the cutter body
greatly affects the surface finish and tool life.

| Chipping Due to Vibration
Poor Finished Surface < > = Shorten Tool Life
m o ~=| Rapld Wear Growth
\.""‘
Good Finished Suﬂacz'—- Stable Tool Life

Face Milling Runout Accuracy
Minor Cutting Edge = 0.03mm
Peripheral Cutting Edge < 0.05mm

Minor Cutting Edge
5 0.03mm

Peripheral
Cutting Edge
3 0.05mm

Cutting Edge Runout and
Accuracy in Face Milling

Fig. 6.12. Cutting inserts need to be preciselyarwirately seated in their respective pockets
of the cutter body, to eliminate potential run-qaiy in order to minimise any milling cutter
run-out, barrel screws are situated below therggiitiserts - for fine adjustment and security;
(b) insert milling cutter edge run-out accuracy #&sdffect on tool life

 Chipping due to vibration — as all of the insexte not set the same, then
the most prominent one will take the largest cut$oth the minor and periph-
eral cutting edges, causing shock loading as thes@ngaged, thereby increas-
ing cutter vibration and potential thermal efféttsreating the likelihood of
chipping here on the most exposed cutting inserts.

0 “Thermal fatigue’, can be present when cuttingnierrupted — as is the case for
milling with a prominently exposed cemented carlid#ing insert. Numerous cracks are of-
ten observed at 90° to the cutting edge and aem ¢firmed: ‘Combcracks’ — due to their vis-
ual appearance to that of a typical hair-comb. &h@acks, are the result of alternating ex-
pansion and contraction of the surface layers estlting edge is heated during cutting, then
cooled by conduction into its body during intervhktween cuts. This very fast alternating
heating and cooling cycle, develops the cracks atynfrom the hottest region of the rake
face — this being some distance from the cuttirgeedhich tends to spread across this edge
and down the insert’s flank face. Once these crhek®me quite numerous, they can join up
and promote partial tool edging to break away -atomg cutting edge chipping.
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* Rapid growth of wear — because of a prominergtyasd poorly positioned
cutting insert in relation to the others in theteubody, it will absorb the greatest
cutting loads, which will lead to shortened tof,lithis being exacerbated by pro-
nounced vibrational tendencies, resulting from lariz®d cutting forces and torque.

NB All of these factors will contribute to a shortdnautter life.

Conversely, if the face milling cutter’s insert ¥aat is small, then a good
surface finish and stable and predictable tooMiikresult.

Mounting and Adjusting Single-Blade Reamers

The replaceable blade is positioned longitudinbihya blade end stop and
diametrically adjusted using the front and reawsiiipg screws. The blade is
micro-adjustable over a limited range of radial ement and can be preset in a
special-purpose setting fixture (Figure 6.13 (aj &r)), to ream the desired di-
ameter that the tool can then consistently prodlibes reaming blade normally
has a back taper of: between 0.01 to 0.02 mm olieear distance of between
10 to 25 mm, respectively — when positioned in phe-setting fixture (Figure
6.13 (b) shows a three-guide pad designed singldelleamer). A feature of the
blade’s adjustment, is that it can be reset to @meate for any subsequent
blade wear. A clamp, plus two clamping screws sagunolds the blade in
place, with the wedge-type clamp providing suppadng the entire blade
length. In the case of the single-bladed reameigdethe blade is located and
positioned in the reaming head at a 12° positikee rangle. For this type of
reamer design, additional standard blades cantted fioffering both 6° and 0°
rake angles.

Taper reaming setting can be achieved by mounkiagdper reamer into
the special-purpose setting fixture (Figure 6.13. (&t least two dial-, or elec-
tronic-indicators are positioned along the bladeigth, then adjusted so that a
very light pressure is applied to the cutting edfythe blade — to prevent it from
inadvertently chipping. With the blade ‘semi-clardpeadjustment is made so
that it is parallel along its length — relativette tapered guide pads. Once the
blade has been ‘fully clamped’, adjustment occargdsition it higher than its
guide pads’ diameter, by between 10 to20 — all along the blade’s length,
which achieves an accurate setting, but this getwill depend on both the
workpiece material and the prevailing machiningditians'.

“1 Taper reamers — typical machining details: Cuttipged 4 to 20 m min—1 (Stainless
steel 2 to 6 m mif), Feed 0.2 to 0.8 mm rev—1, machining allowan& rBm and up to
0.5 mm - for large taper reamers, plus Coolantidelail 10% dilution.
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+Loosen the two adjustment screws 7 by a
1/4 turn,

= Loosen the two clamping screws (5).

= Clean the blade seat thoroughly,

= Index the used blade edge (2) or replace it.

+Firmly push the blade against the axial end stop
and the adjustment balls (6).

= Tighten the clamping screws carefully. (Hold the
key at its shortest end for correct torgue.)

= Set the front end of the blade to 0,02 mm or
0,015 mm above the guide pads (3) with the
front adjusting screw (7). (This corresponds to
the marked diameter on the tool body.)
(See figure 1.)

« Set the rear end of the blade to a diameter so that
a back taper of 0,01 mm/10 mm blade length is
achieved. (See figure 2.)

0,015 mm (@ = 10 mm) i P4
0020 mm 10 = Tomm) |Blade sze poo | o | P1| P2
Yalue X (mm) 0,01 0,02 0,025
Back taper 1/1000 (0,01 mm/10 mm}

Note: If the required diameter is exceeded during adjustment,
start again from the beginning to eliminate backlash on adjustment screws.

(b)

(©)

Fig. 6.13. Presetting equipment and ‘guidelines’tf@ setting of single- bladed reamers:
(a) reamer blade adjustment — with manual indisatdy) typical reamer blade indexing and
adjustment, for single-blade; (c) reamer bladegitesg) equipment for adjustment using

electronic indicators for extreme accuracy andiprec
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7. BORING HEADS
WITH MICROMETRIC ADJUSTMENT OF EDGES

Using the boring tool is especially important smintto improve the accu-
racy and processing performance and reduce its kkosfddressing these chal-
lenges, national and foreign firms use instrumesdlitions to improve the de-
signs of boring tools in different directions.

The boring heads have been designed for the wianiger of the boring
holes with a diameter of 63 — 360 mm. The borimggeawas divided into the
subranges. For each subrange several construaack ariants were designed.
Only those variants were selected out of themHerrhanufacture that meet the
technological opportunities of Orsha instrumentfahp It is necessary to note
that these constructive variants are the comproohesgsions taken by the de-
signers and members of the design department quiémé.

7.1. MODULAR BORING HEAD FOR THE BORES
IN THE RANGE OF 63 — 110 MM

In Figure 7.1 (a) shows a general view, and Figuie(b) — flow sheet of
boring head for boring range 63 — 110 mm.

G )
Fig. 7.1. Boring head for the bores in the range-@310 mm: (a) general view, (b) flowsheet

Boring head performed by a modular principle. tludes a cabinet mod-
ule (bar) 4, which is mounted adjustment moduleludes a regulator 1 and
slide 3. On a slide 3 is mounted incisal block, sisting of a shank holder 9,
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which by means of screws 14 is attached plate @niSholder 9 is clamped in
the slide with two screws 13.

Controller | is fixed to the bar by screw 5. Sli@as fixed to the bar by
means of a clamping mechanism 2.

The head is exposed on the size of the movemeheddlider 3 by means
controller 1. The exact direction of displacemeinthe slide guide is provided a
threaded taper pin 6, the lockable screw 12. Tariceshe movement of the
slide 3 is used screw 8. For the lubrication of mg\parts using oiler 16.

7.2. MODULAR BORING HEAD FOR THE BORES
IN THE RANGE OF 110 — 180 MM

In Figure 7.2 shows a general view, and Figure-7fl®wsheet of boring
head for boring range 110 — 180 mm.

Fig. 7.2. General view of the boring head Fig. 7.3. Flowsheet of boring head
to the bores in the range of 110 — 180 mm for boring range 110 — 180 mm

Boring head for the bores holes with a diamete® + 180 mm performed
by a modular principle.

Head design includes a base bar 2 with key 19bake bar is fixed to the
shank that is mounted in the spindle of boring nreeh

On the base module bar 2 is installed rod 3 whscbentered on the bar
with a pin 7 and the screw 10, 11.
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In the rectangular guide rods is based moveabladponodule 1. Move-
able boring module can be fixed in two positiond attached to the rod by
three screws 10. Two positions of a boring moduke drovided by bores a hole
in the two subranges: 110 — 145 mm and 145 — 180(with an overlap of
2 mm). Before processing any range boring moduteilshbe exempt from at-
tachment, repositioned, and then clamped by sci®ws

The exact placing the edge on the size of the boleis carried out with
the control module, mounted in a movable borind.ni

7.3. MODULAR BORING HEADS FOR THE BORES
IN THE RANGE OF 180 — 360 MM

In Figure 7.4 shows a general view, and Figure-7fldwsheet of boring
head for boring range 180 — 360 mm.
Boring head for the bores holes with a diameter1360 mm performed

by a modular principle.

Fig. 7.4. Boring head to the bores Fig. 7.5. Flowsheet of boring head
in the range of 180 — 360 mm for boring range 180 — 360 mm

Head design includes a base bar 2 with key 19bake bar is fixed to the
shank whichis mounted in the spindle of boring nie.

On the base module bar 2 is installed rod 3, wisatentered on the bar
with a pin 7 and the screw 10, 11.
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In the rectangular guide rods is based moveabl&dponodule 1. Boring
module 1 moves to the guide rod with a means @galator and secured with
on the rod by two screws 12.

Regulator is a modular unit of construction and@¢asmposed of installed
in boring module 1 threaded spindle 5, a washearidithe ring 16. Regulator's
lug 6 is mounted in the hole of rod 3. Coarse ddjast is carried out the size of
the bore offset a boring module 1 during the rotatihreaded spindle 5 with
tempered screws 12.

The exact placing of size of the bore hole is edrout with the control
module, mounted in a movable boring module 1.

7.4. THE USE OF MODULAR BORING HEADS
IN BORING MACHINE TOOLS MODULES

The boring machine module includes three basic hesdthe base adjust-
ing module (for example, a shaft), the intermedlzdse adjusting module (for
example, the extension piece) and actually mocdang head.

In Figure 7.6 the general view boring machine tloelate without the ex-
tension piece for processing of apertures in agafg240 + 300 mm is repre-
sented. Boring machine the module includes a bdrewy 1, a shaft 2 and ele-
ments of fastening 3 heads (screws) in a shatft.

Fig. 7.6. The boring machine modute processing of holes in a range of 240 + 300 mm
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7.5. MODULAR MILLS

In practical machining, the included angle of tbel tedge varies between
55° and 90°, so that the removed layer, the chigjverted through an angle of
at least 60° as it moves away from the work, actiesgake face of the tool, In
this process, the whole volume of metal removeplastically deformed, and
thus a large amount of energy is required to fdrenchip and to move it across
the tool face. In the process, two new surface$oaneed, the new surface of the
work piece (OA in Figure 7.7) and the under surfatéhe chip (BC). The for-
mation of new surfaces requires energy, but in hnaitting, the theoretical
minimum energy required to form the new surfaceansnsignificant propor-
tion of that required to deform plastically the Wof the metal removed.

Fig. 7.7. Metal cutting diagram
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Both grooves and flat surfaces — for example tlwedaof a car cylinder
block — are generated by milling. In this operatilbe cutting action is achieved
by rotating the tool while the work is clamped otable and the feed action is
obtained by moving it under the cutter, Figure Ti8ere is a very large number
of different shapes of milling cutters for diffetespplications. Single toothed
cutters are possible but typical milling cuttersvdn@ number of teeth (cutting
edges) which may vary from three to over one huhdf@e new surface is gen-
erated as each tooth cuts away an arc-shaped sedhethickness of which is
the feed or tooth load. Feeds are usually light,aften greater than 0.25 mm
(0.01 in) per tooth, and frequently less then 0.02% (0.001 in) per tooth.
However, because of the large number of teethrateeof metal removal is of-
ten high. The feed often varies through the cutpag of the cycle.

" adube of thix
Casd

T Black
Ty,
"~ P camng

Insen (cakide)

(©)

Fig. 7.8. Milling method: (a) Up milling; (b) Climhnilling;
(c) Detail of outer sphere surfaces milling witkléxable inserts
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In the orthodox milling operation shown in Figur2 la, the feed on each
tooth is very small at first and reaches a maximumere the tooth breaks con-
tact with the work surface. If the cutter is degidrio “climb mill” and rotate in
the opposite direction (Figure 7.8 (b)), the fegdjieatest at the point of initial
contact, outer sphere surfaces milling method neayded either for up mill or
for climb mill of worked sphere surface.

An important feature of all milling operations isat the action of each
cutting edge is intermittent. Each tooth is cuttthging less than half of a revo-
lution of the cutter, and sometimes for only a venyall part of the cycle. Each
edge is subjected to periodic impacts as it makesact with the work. Thus, it
Is stressed and heated during the cutting pahetycle, followed by a period
when it is unstressed and allowed to cool. Freduyentiting times are a small
fraction of a second and are repeated several tansscond, involving both
thermal and mechanical fatigue of the tool. Theigte®f milling cutters is
greatly influenced by the problem of getting rictloé chips.

Milling is used also for the production of curvdthpes, while end mills,
which are larger and more robust versions of theisks drill, are employed in
the production of hollow shapes such as die caviibe end mill can be used to
machine a feature such as a rectangular pocket(iaehlly) vertical walls.
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VOCABULARY
A

Adjustable support perynmupyemast oropa
Allowance for machining sapurryck
Arbor —ormpaBka

Assembly —cbopka

B

Block-module cutting tool 6mouHo-MoAyIbHBIN PEKYIINNA HHCTPYMEHT
Boring —pacraunBanue

Boring head -pacrounas romoska

Boring tool —pacTouHoii pe3ery

Build-up edge -#apoct

C

Carriage -eymmoprt

Chip —ctpyxka

Chip breaker -erpyxkonomarenb

Chip contraction -ycaaka cTpyxku

Chuck —matpon

Clamping —«pemienue, 3axum

Climb milling —nonyrHoe ¢ppe3epoBanue
Collet —anra

Continuous chip -emmBHas cTpyxka
Continuous feed #enpepsiBHas Mmogayda
Coolant -cMa3o4HO0-0XJIaKAAMOMIAs KUIAKOCTh
Core drilling —3enkepoBanue

Counterbore -HuMHIpUYECKast 36HKOBKA
Countersinking senkoBaHue

Countuoring NC systemkenTtypHaas cucrema UITY
Cross-feed sonepeunas mogaya

Cuttind speed ekopocTb pe3anus

Cutting —pe3anue

Cutting conditions -pexum pe3aHust

Cutting edge -pexyinas kpomka
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Cutting force -euna pe3zanus
Cutting motion —1BmwKeHHE pe3aHus
Cutting plate -pexyias miactuHa
Cutting tool —pexyrmiit HHCTPYMEHT

D

Depth of cut +n1yOuna pe3anus

Discontinuous breaking segment chiprpyxka Haamoma
Drill — cepmo

Drilling — cBepnenue

E

Eccentric clamp skcueHTpUKOBBIH 32:KUM
End mill —xonuesas ¢pesa

F

Face —iepenHsis HOBEpXHOCTH

Face milling head #opuoBas ¢ppeszepnas ronoska
Facing tool -fipoxoaHoii peserr

Feed s101aua

Feed motion -ABmwkeHune mogaun

Finishing —otnenounas o6padoTka

Finishing turning tool <incToBoii mpoxoaHOM pe3ely
Fixed support -HocTosiHHas omopa

Fixture —3axumHOE TprCIIOCOOICHNE

Flank —3amusis moBepxHOCTH

Flute —xanaBka

Form tool —aconHsIit peserr

H

Hand loading -py4Hnas 3arpy3ka
Hand unloading pyunas pa3rpy3ka
Holder —nep-xaBka

75



Indexable insert emennas miactuHa
Inserted-blade milling cutter gpesa co BcTaBHBIMU HOXKaMU
Intermittent feed -apepriBucTas mogaya

L

Lather —tokapHsIii craHoK
Lead screw xo10BOi BUHT
Longitudinal feed -apononpHas mogaua

M

Machine centre e06pabaTpIBatoNIHii EHTP

Machine tool -veramopexymmii craHok

Machined surface ebpadoTanHas MIOBEPXHOCTb
Magazine -mara3ux

Major cutting edge +1aBHas pexxyinas KpoOMKa

Milling — dbpesepoBanne

Minor cutting edge -BciomorarenbHas pexymas KpoMKa
Modular design +oxynsHas KOHCTPYKITUS

N

NoOse —sepiirHa pexyieil KpOMKH
Numerical control (NC) «muciioBoe nporpammuoe yrpasienne (UITY)

P

Positioning NC system ro3uinonnas cuctema ¢ UITY
Primary motion —fiaBHOe ABMKCHHE

Program -iporpamma

Reaming -paszBepTriBanue

S

Saddle -ipogonbHas kapeTka
Semi-automatic machinecfanok moxyaBroMaT
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Single-flute drill —ogHonE3BHITHOE CBEPIIO
Single-point tool -pesen

Special machine eifieruaibHbIi CTaHOK
Spindle —unuHaeb

Spot-facing -tickoBaHue

Spotted washer pa3pesnas maiida

Step drill —ctynenuaroe cBepio

Step motor -#1aroBelii 1BUTaTeNb

Straight shank #umHapryecknii XBOCTOBUK
Strap clamp -apuxsat

T

Taper shank «onudeckuii XBOCTOBUK
Thread cutting -Hape3anue pe3p0bI
Tool angels -yraer pexymielr kpoMku
Tool life —crolikocTh HHCTpYMEHTa
Tool wear —13H0C HHCTpYMEHTA
Toorning tool —1poxoaHO¥ pesern
Turning —o6Touka

Turret lather -peBonbBepHBII cTaHOK
Twist drill — cnupanbsHOE cBepI1O

U

Universal machine yHuBepcanbHblii CTaHOK
Up milling —BcTpeunoe ppesepoBanue

wW

Wedge —«un

Work surface -e0pabaTsiBaeMasi TOBEPXHOCTh
Workpiece -o6pabarsiBacmast 1eTaib
Wrench —rae4uHbIi KITFOY
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