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Foreword

The machine tool industry was one of the key subjects discussed at the
Interregional Symposiunt on Metalworking Industries in Developing Countries,
held in Moscow under the anspices of the United Nations in 1966. Machine tools
play a key role in the expansion of mamufacturing industry, because of the im-
portance of metalworking in this scctor of the cconomy in nearly every comnry
where industrial production has been established. Wise sclection and efficient
operation and mamtenance of machine tools are of grcat importance trom the
carliest stages of industrial development. Although :clatively few developing
countries may tind it advantageous to manufacture machine tools, most of them
are concerned widh these matters as users of machine tools.

An carlicr pnblication ! dealt with selection and acceptance esting of machine
tools. The present publication is a companion volume dealing with their cffective
usc. which term is used here in a broad sense: it includes not only ensuring that
the operation of machine tools is techmically efficient (which involves correct
maintenance procedures), but also exercising related functions of management
concerned with minimizing production costs and developing prodacts suntable
for the production facilities of the firm and its markets.

This study was produced in co-operation with the UNIDC secretaria, by
three consultants: Professor A, O. Schiidt of the Department ot Industrial
Engincering, The Pennsylvama State University; Protessor Frank R Bacon Jr.
of the Graduate School of Business Admunistration. Michigan State Univensity;
and Mr. Robert Kramnuer, Vice-President and Partner in Scatech Engineermg,
Inc.. Southheld, Michigan. Mr. Schmidt has had many years ot practical ex-
perience in machine tool design and operation m conntries where the engnecrmg
industry has rcached various stages of development. Mr. Bacon has 20 years
experience in the United States and other conntries of marketing and related
rescarch in regard to engineering products manufactured by small and large
tirms. Mr. Krammer was for many years & development engaincer, thea a et
development engineer in the materials handling ficld and also 4 consultant; iy
cxperience likewise includes work in other countrics in wddition to the United
States.

Thanks are due to a number of bodies for permssion to reproduce marertal,
particularly illustrations, as indicated in the tollowing list:

(1) American Industrial Hygiene Association Jonrnal, Smuchicld. Michigan;;

+ United Nations Industral Development Organization (UNIDOL (0971 Tae Selecnon
and Acceptance Testing of Meral-cutting Machine Tools: a Practical Grode tor Devcloping Countric.
(Sales No.: E71.11.B.3).




Bank Administration Institute (formerly National Association of Bank
Auditors and Controllers), Park Ridge, lllinois, publisher of Auditoram;
Conover-Mast Publishers, Inc.. New York, publisher of Mill and
Factory,

Conveyor Equipment Manufacturers Association, Washington. D.C.;
Crane Manufacturers Association of America, Inc., Pittsburgh. Penn-
sylvania;

Liberty Mutual Insurance Company, Rescarch Centre, Hopkinton,
Massachusetts;

Monorail Manufacturers Association, Pittsburgh, Pennsylvania;
Morgan-Grampian, Inc., New York, publisher of Factory;

Rapistan, Inc,, Grand Rapids, Michigan;

Socicty of Manufact:ring Engincers (formerly American Society of
Tool and Manufact «ing Engineers (ASTME)), Dearborn, Michigan;
The American Socict - of Mcchanical Engincers, New York.
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EXPLANATORY NOTES

The tollowing abbreviadons are used in this publication:

ASA
Bhn
ECM
EDM
HFIFO
hp
HSS
ISA
1SO
mph
rms

American Standards Association

Brinell hardness number

electro-chemical machining
clectrical-disclhiarge machining

tirst-in, hirst-out

horsepower

high-speed steel

International Federation of National Standardizing Associztions
Intcrnational Organization for Standardization
miles per hour

root mean square







INTRODUCTION

In a world of rising expectations, all countrics look for rapid progress in
their industrial development. As regards the metalworking industrics, this means
exploiting to the fullest extent the available resources of machine tools as well
as the human resources. The existing stock of machine tools and related cquip-
ment in the factorics and workshops of a developing country is a precious part
of its total industrial resources, because capital is a scarce factor. Yet it is an
obscrvable fact that, all too often, the engincering plants in developing conntries
operate at well below 100 per cent of therr capacity.

The principal reasons for this state of affairs arc as follows:

Technical weaknesses in the production process, such as improper use of

tools, dics, jigs and fixturcs;

Lack of availability of critical raw materials, for example, special steel alloys;

Inability to import production matcrial, or tools and instruments used as

ancillaries of the machine tools, owing to a national shortage of forcign

cxchange;

Lack of skilled personnel capable of opcrating the machine tools;

Poor planning and incfficient management of production;

A scasonal pattern of work ticd to agricultural activitics, resulting in an

unbalanced jobbing load;

Machinc tools wt of action due to delays in repair work after breakdown or

because they have become obsolete and await replacement.

The sccond and third of thesc reasons may be connected with decp-scated
difficultics in a country’s economic devclopment, examination of which lics
beyond the scope of this study. Dircctly or indirectly, the remaining reasons come
under discussion in the chapters which follow.

The situation of the mctalworking industrics in the developing countrics
is by no means uniform. In some countrics there is already a substantial demand
for various types of industrial cquipment from the agricultural and mining
sectors, but relatively few production facilitics to mcet this demand. In other
countries the problem is that production facilitics, somctimes including facilitics
for manufacture of nichine tools, have been installed with capacity in cxcess
of the requircments of the domestic market, so that it would be desirable for
enginecring firms to develop cxport sales. There are also developing countrics
in which domestic production capacity broadly matches demand over a wide
range of industrial cquipment, but the industry is not intcrnationally competitive
and relies on tariff protection from the competition of imports. Government
policy should be devised to deal with the actual situation in each specific country,
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but m s stady, mevitablve the treatment ot nachme-n probiom by
discussed only i erms of the ceneral principles imvolved,

Fhe mtormanon given i this publication applics primaniy o shops cmploye
iy between bive and one hendid peoples the great majoniey i ¢ VIV oty of
the coterprises that stand moneed ot hetp have shopyns i e rangee

Firerprises wsing - oxclesic v mmported technology tor cvample e
subsidharies ot established toragi enterprises and - don stcally owned i,
opcrating under torergn heence agreement often nurror the manubacturmyg
cperations an the headquarters factories of the parent organization and nia
At similar levels of productvity. This study 1s not expected to be of great
mterest i such enterprises: on the otier hand. the mdependent enterprise winch
started as a snall workshop .and has grown into o anall or medivm-vzed facron
is iikely to iind much advice from v hich 1 can bonetit,

Inevitably. nearly every kind of metal product made m i deve lopmg countn
s alrcady manufactured in other countries which have decades of manutacturinyg,
cxperience and possess a more advanced technology. There may e g tendency
o believe that o will never b possible to offer cHective competinon m inter-
national markets, i vicw of the advantages which these countries possess. Tere
1y no magic, however, m the muanutacturing practices of the developed countries
The miprovements needed in the factories of developing countries. m order 10
make them more competitive. can be achieved by nunagement and engiieers
with the will to progress, working with the type of enthustastic foremen and
production personnel usuatly found m countries starting to bild an industrial
cconomy.

Attention to the technical characteristics of machine tools must never be
allowed to obscure the importance o human factors in manutacturing industiy,
In the industrially advanced countrie, managements run regolar traming pro-
grammes for il grades ot personnel, i order to miprove the productvity of the
work people engaged m various tasks. IE muscle poweris to be replaced by machne
tools and other capital cquipnient in the developing countries - because i the
long run there 1s no other way of improving productivity and the standard of
living~~—tlwn the organmization of personncl traling iy ¢ven more necessary tor
them than for other countries. The replacement of hunman strength by machine
power does not tend  to reduce cmployment Opporturtics, as 1 SOMCHMes
feared. Instead, the level of skill of the work toree and also of the management
iy upgraded, resulting i substantial gains in productivity. Such has been the
expetience in the industrially advanced countries. The results of similar pro-
grammes m the developing countrics, when properly organized, have been equally
Impressive.




CHAPTER 1. TYPES OF MACHINE TOOLS AND THEIR
APPLICATIONS

Ricin DEVELOPMENTS IN MACHINE TOOLS AND LHEIR TOOY ING

The constnt search tor greater output of goods from the expenditure of

human energy stimalates design improvement and increased wage of machine
ool We see theretore i the mdustrialized countries machine tools which
climnate ol unnecessary human effort. Manufacture has become more efficiont
through this mechamzation. The primary tield for the applicanon of spectal
maclhune tool has luthero been mass-produced goods and the ceononues achieved
are generally dear-cut. During the last 15 years, however, machine tool designers
have dirccted thaar clorts mainly towards more automatic general-purpose
machime tools. This trend s likely to prove advantageous sinee, even i the
industraized countris, components produced in batches of 5 1o 100 work-
preces not mass=produced components—account for the largest part of tota!l
output.

In the latest, advanced fictories of the acro=space industries the need 1s not
mass production, but fabrication in hmited numbers of comphicated parts made
from speaal alloys which are ditficult to work. 1o satisfy this demand machine
tools had to be developed which elimintated most of the idle machine tme and

the operator taugue which causes crrors. In the process, the control clements of

the machine ool have become mare important: through numerical and com-
puter techniques contours can be expressed - mathematical terms and then
automatically produced without previous layout. However, even these very
expensive machine wols are more economical than the ofder types in many
metalworking shops it properly used. Even in the USA and Lurope, however,
the majority of machine tools arc still built to standard designs without numerical
contrels. Good and profitable usage of all types of machine tools depends on
itemuized planning and rooling. This is especially true for numerically controlled
machine tools, which often have pre-set tooling for numerous tool changes,
cftected automatically during the manufacture of a complicated workpicee.,
Numerically controlled machine tools cannot be unconditionally recom-
mended for factories in developing countrics. Those of advanced design require
a strong factory organization, programming and tooling services which seldom
exist i developing countries. However, machine tools with smple two-axis
numerical controls have already been produced in large numbets and are rugged
as well as cconomical in normal workshop service. Before acquiring such cquip-
ment, particularly for use in a developing country, it is desirable to check that
the controls have been subjected to practical teses under similar climatic conditions.

3
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The general use of carbide toeling has mtroduced more stringent require-
ments regarding the power and rigidity of machine tools, which have inerdentally
permitted betier quality production from tooling made of other materials.

Itss observable tat the machine wols i developing countries are geneally
of Tow power, 3hp or less. There s litde appreciation of the fact that a hugh-
powered machine tool also uses only one operator and occupies the same Hoor
space, but hus i output several times greater (roughly in proportion to it
greaier powery ifitis equipped with proper carbide tooling. Continuous advances
i the technique ot carbide machining during recent decades have created
situation 0 which the machive tools in- current use, especially in developing
countrics, are often not the most suitable models for production requirements.

The erroncous impression has been created that even the most difficult steel
machining jobs could be mechanized by using carbide tools with negative rake
angle at very high cutting speeds. Many over-enthusiastic reports of the use of
this technigque were to blame, However, much helpful information is being
published that derives from actual production experience and experimental tool
evaluation conducted inisdustrial laboratories.

Good tool design and ctlicient use of machine tools are intimately related.
Ncither ahigh-powered, well-designed machine combined with a weak, in-
adequate tool nor a well-designed carbide tool combined with an underpowered,
msutliciently rigid machine can achieve optimum production.

Lven the most expensive machine tool can yield very competitive costs if
itis properly tooled and worked continuously for 3 shifts, 7 days a week. This
requires:

An adequate work schedules

Shop organization, including communications, control and storage facilities;

ar.d

Good muantenance services.

Unless all three requirements are met, however, the machine can become
a moncey-losing proposition.

The relative merits of different types of machine tool are graphically illus-
trated by tigure 1, which shows unit production costs of pump housings.
In this example. the housing is of mulleable iron and requires milling, boring,
reaming, drilling and threading operations in various positions and of various
dimensions. In all, 30 tools are needed for as many manufacturing operations.

The number of workpicees that have to be made will determine the best
machine for the job. If only one or two pump housings arc to be produced,
toolroom methods using standard machine tools are usually the most suitable. One
can already envisage designing and making special attachments to standard
machine tools, provided at least ten housings are required. If a numecrically con-
trolled machine with awtomatic tool changer is available, it will result in lower
machining costs when the production run exceeds tive workpieces. If the product
is required in large numbers, a special machine may be justified. The larger the
number of workpicees produced per year the lower the machining cost per
workpicce. Even with toolroom methods there will be a stcady but small reduc-
tion i mochining costs as the number of workpicees produced increases, because
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SPECIAL MACHINE TOOL

TOOL ROOM MACHINE

“=

STANDARD MACHINE TOOL w——

NUMERICALLY CONTROLLED WITH SPECIAL FIXTURES

MACHINE TODL WITH WORK
HOLDING AMD AUTOMATIC TOOL CHANGER

MACHINING COSTS FER WORNKPIECE

¥ T
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NUMBER OF PUMP HOUSINGS PRODUCED PER YEAR

Figure 1. Relationship between type of wmachine tool, wumber of workpicees and cost

the operator will learn in time to make better use of the machine tool and tooling,
but the costs will remain comparatively high.

As soon as the number of workpieces to be produced is sutficient to justify
the expense of special fixtures, the cost per workpicce can be reduced con-
siderably. For small lots, however, numerically controlled machines are often
still more economical than standard machine tools with special fixtares,

It the individual workpiece is very high-valued, it may even be justifiable
to use a numerically controlled machine when only a single workpicce is to be
produced, because this climinates human errors completely and thus avoids the
possibility of muking scrap. Having programmed all operations, it may be
necessary to check them regarding sequence, dimensions and accuracy by using
an imitation workpicce. This procedure is preferable to running the risk of
ruining a workpiece in which material and machining costs have already amounted
to several thousand dollars. However, for production in really large numbers, a
special machine tool will be the most economical, for pump housiugs or any
other workpiece.

ACCURACY AND PERFORMANCE

The many types of standard machine tools may be classificd as follows:
Class 1: High-precision machine tools for instrument manufacture and the
toolroom. Some of these machines have to be placed in air-
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conditioned rooms and mounted on isolators or spectal toundations;
otherswise 1t might be ditheult to maintain their extreme aecuracy.

Class 20 Precision machine tools for the toolroom and tor producton to

(ln\\‘ [UI& Failoes,

Class 72 Machme tools tor the maintenance shop and auxiliary production.

Class 1 Machine tools tor the tield repair and titting shop.

Machine tools of these different dasses may look alike at tirse sight and
have the sane teatares aud power. They will differ in the quality ot their output
aowell as dhe worknamship expended on their construction and have 1o be
cmployed only within their speaitic range of accuracy. To obtain precision
workpreces watl a dass 4 machine tool would require a degree of skill from the
operator which s very scarce and the product would still be more costly than
the same work done ona class 2 machine tool. On the other hand, the class 2
mache will cost ewaee as much as a cass 4 machine of identical size and power,
with 4 simular functon.

Fhe need to mantain high accuracy calls for a specitic maintenance pro-
gramme, rehing o the accessories and tooling as well as the machine tools. The
orgzamization of maintctance and repair iy discussed in chapter 2, It is also im-
portant to take measures which minimize wear and tear. Thus, care should be
taken to avoid work that in size and weight is beyond the capacity of the machine
tnﬂl.

The uncontrolled emission of grinding dust quickly ruins good machine
tools. Surtace grinders, cylindrical grinders and tool grinders are often installed
without providing for the collection of their grinding dust, which then settles
on the other nmuachines v the shop. No harmful effects will be noticeable at the
start, but within one year all precision machine tools will be affected to such a
degree that sliding surfuces become worn and bearings are loose. The tine par-
ticles of grinding dust mix with the lubricant and act like a lapping compound,

Stilar damage can be suffered when a precision shop s Tocated 1 a desert
arca or even when it is exposed to winds that come off distant desert. In such
cases oo 1t will be observed that precssion nuachine tools can be ruined beyond
repair within a comparatively short time. Special care has then to be taken that
no openings in the walls, roofs or windows permit the entry of air loaded with
gritty dust.

Machune tools are the principal investment in a metalworking shop. The
utmost care should therefore be exercised in comparing the performance specifi-
cations of alternative models before purchasing a machine tool and in verifying
that the machine finally purchased meets the specification claimed by its manu-
tacturer.t

The output of a machine tool 1s judged mainly by its chip-making capacity
(measured in cubic inches per minute) and its accuracy under full load. In the
case of grinding and tinishing machines, performance can be expressed in ternus
of the tinish obtainable (measured in microinches) over a certain number of

b See UNIDO (1971) The Selection and Acceptance “Testing of Metal-cutting Machine "Tools
(Sales No.: E.71.11B.3).
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square inches of surtace per minute. Jig borers and other gh-precision machines
mespecihied by size of workpicee and the tolerances obtainable.

When buymy o new machine tool, a test report should be obtamed tron
the manutacturer. The report includes operating accuracies of spindles and
tools. as well as tool performance. The data contained in such test reports are
quite standardized. A good machine tool can suffer occasional 100 per cent
overload without damage.

When a new muachine tool has been placed in the production e, it shoald
be observed tor some time to verify its performance under shop conditions. Many
companies will not instal 4 new machine in the shop immediately, preterrmg
to instal it for some time in an experimental section. This permits a better evatua-
tion of its performance and provides a chance to develop intproved micthods of
production based on the machine’s capabilities. During the experimental period,
it 1s best tor the new machine tool to be worked by the operator who will later
use 1t in the production shop. He should be thoroughly familiar with the operating
instructions issued by its manutacturer. If these are missing, as is the case often
with second-hand machines, they should be obtained by writing to the manu-
tacturer.

SPECIAL-PURPOSE MACHINE TOOLS

When the number of workpicees to be produced is sufficiently large, it
may be justifiable economically to invest in a machine tool specially designed
tor the purpose or consisting of an assembly of standard machine tools, which
processes a single type of workpicee in a sequence of operations. In cither case,
it is essential to allow tor a certain period of testing and “trouble shooting”
atter installing the machine. A more extended period will be needed than for
thie shop testing of a standard machine tool.

When the special-purpose machine tool is built as a unit by a particular
manufacturer. a thorough aceeptance test should be required before despatch,
machming a large number ot sample workpicees. There are inevitably some
new, unproved features in a special machine tool, unlike a standard machine
tool which should be built solely with components that have been found reliable
over nuny years of shop service. It will be much casier to correct any short-
coming at the place of manufacture, before despatch, than to wait until the
machine is in the purchaser’s workshop.

In most cases the tooling for special-purpose machine tools will be standard.
Should special tooling be required, at least as much cffort and attention should
be devoted to the design features of the tools as to those of the machine. Where
complicated tooling or form tooling is involved it should be designed, built
and tested before the machine tool design is started. It has been known to happen
that a special-purpose machine tool failed to perform as expected because its
planied tooling could never be made to work. Tool developnient should also
come first in cases where an unusual spindle has to be designed for the tools o
where the rest of the machine tool is buile around the special tooling.

Other points to consider carcfully in the design of special-purpose machine
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tools are case of lubrication and case of servicing the hydrauhe, pneumatic and
clectrical servo-mechanisms, which should also be aceessible for routine mspec-
ton. Repair work should be possible without tearing apart the whole machme.
Drsregard of service requirements at the design stage makes even mior repairs
very costly, the entire muachine has to be shut down to citect them,

Ihe best machine tool, whether standard or special-purpose, can be rendered
inetlicient by incoreect floor mounting. When the shop Hoor stands on sohd
ground it should be possible to level the machine directly by grounng or sct-
screws and good performance can generally be expected. However, 1t must
be remembered that Hoor and building vibradons caused. tor example, by
forging hammers, trucks pasing along an adjacent road, or cven overhead
cranes. can affect the quality of the surface fimish and the dimensional accuracy.
In such crcumstances it is generally possible to improve the suspension of the
machine ool by titting clastic mounts made cither of rubber, glass fibre, springs
or pncumatic clements. Special care will have to be taken it the factory Hoor
lies over a swampy arca or loose sand. The machine tool builder may be able
to make specitic recommendations regarding the type of toundation necessary
i dithcule sitnatons, moorder to keep the machine tool stable m the presence
of ourside disturbances. as well as to isolate vibrations originating witchin the
machine ol A special foundation will increase costs, however, and will usual-
ly reduce the mobility of the machine which production changes may make
destrable.

When a multple story building has to be used, the heaviest machines are
installed on the ground Hoor tor obvious reasons. Lighter machines can go on
the higher Hoors, which always bend to some extent under the weight ot the
machines. Any ordimary floor is subject to low frequency vibrations—about
20 eveles per second. It clastic mounts are used they should have a different
natural frequency trom that of the foor in order to eliminate resonance. Such
special mounts under individual machine tools make possible & more flexible
approach to plant lavour.

PROGRAMMID AND NUMERICALLY CONTROLLED MACHINE TOOLS

The tact that most machine tools actually work only 20 tv 50 per eent of
the available operating time has offered a powerful challenge to modern machine
tool designers. The increasing use of carbide tools meant that the machine time
lost in sct-up, ool changes, workpicce handling .. J positioning was even more
valuable. The designers responsed by developing power-driven feeds, regulated
spindle speeds, anti-backlash screws, rapid traverse and multiple stopping and
trippig devices. From these improvements the programmed machine tools
evolved during and after the sccond world war. The features of the first models
included automatic start and stop of the main spindle; chucking tables with
movable clamping and rapid traverse; and controlled feeds in longitudinal.
vertical and transverse directions. The required process sequences were usually
programmed by inscrting plugs into specified connecting points on the pro-
gramme board of the machine’s control cquipment.
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Another techmque, the attachment to machine tools of tracing units, had
developed successtully i previous years, mainly because of the need for produc-
tion of move and larger dies. In this type of machine tool the too! patly 15 con-
trolled by a template or master form. Tl technique grew in step with the
automobile industry after the first world war and its use was helped by the
relative scarcity of skilled tool and die mkers.

During and atter the Sccond World War the aireraft industry expandad
rapidly in volume and grew in technical sophistication. Many complicated
parts had to be made of high-strength materials and machined with great ac-
curacy. Consequently, many new machine tools were designed with features tor
obtaining high precision automatically or at least without nsing a highly skilled
mechanic as operator. Such was the genesis of numerically controlled machine
tools. As with most advances in technique, the principle of the various conteol
devices is not niew. Controlling a machine by numerical values or symbols
can be traced back to the Jacquard loom and the pianos played mechanically
with the aid of perforated paper rolls. Magazine feeds and carriers to transter
workpicees were already to be found in certain types of automatic turret lathe
about 1914, There were also many attempts in that period to control the tool
path and workpicee dimensions during operation of the machine by automatic
and numerical deviees. In most cases the high accuracy und repeatability required
ot machine tools were lacking, because the servo-mechanising then available
could not satisfy these requirements. However, after small, powertul clectro-
hydraulic scrvos had been successfully developed for use in aircraft they were
adopted by machine tool miawfacturers, together with electronic controls.
Numerical control systems are units which convert symbols on puncied cards
or perforated tapes, or data on magnetic tape, into clectric pulses that control
the various mechanical functions of the machine tool. Today most nunierical
control systems use a standardized, 1-in wide, cight-track perforated paper
tape as input for the control unit of the machine tool. Numerical control is a
form of automation which reduces set-up time, selects tools for the successive
operations and prescribes (heir action. It is generally used to produce parts whicls
must be identical. The tape with the control information can be stored for any
length of time until necded for future orders or it can be despatched to a far-
distant factory, where it can be used to produce parts of equal shape and accuracy,

All the motions of a machine tool for which the operator used to turn a
crank or handwheel can now be effected by power devices and controlled by
tape through a selt-contained control unit. Before a tape can be perforated for
usc as a control device, a programmer must determine all the operations to be
performed, the tools required and their settings, as well as all the machine mo-
tions. The motions of a spindle or table occur along one, two or three axes.
A milling machine or drill usually has “2-axes controls”, that is, the table move-
ments are controlled in the longitudinal and transverse direction. If the spindle
of a vertical milling machine or drill is also controlled for the depth of cut or
hole, the machine is then said to have “3-axes controls”. Such machines, in
which the tool or workpicce can be moved by numerical controls from one



i | R T O O ] N A Rt N O L A N L SRV A ATEN

position to another prosatned sequenees topertorns operations it partcular
pornts, are witd to hav e pomt=to-pomt programmimg.

fhtl'k A cVveh inore \«\}\hi\(ix’.llx'(i Hl.ul\lm\ \\llh CoRTHIG O I‘.lll\ n=liHn!.
mowhich the tool o be made to tollow o detmite curve, which ny be denne A
matherateally as e cams and annlar conteurs. The machime tool may albso
mcorporate control ot arcnlar motion for examples motion round a ver el
axts o wdindh cne ity besard to have Teases comrolsy 7 end it ales con-

rols the moton ot 1 bl or \|\in;‘.iv cround o horizontad s, it may b

RN
to have T3-axes controly

Jool preparation s to be strimgent tor nomerically controlled machines,
Accurate pre-setting of tools 1 ecossary and the requiremaents are Listed in coded
form, together with all operatons to e performed. inoptimum sequence, on
a planning sheet from which the tpe s punched. te more dithcult progrannies
being prepared with the and of a digital computer. Using these techmques,
comphcated parts o be machimed more accurarclye iy conrmuous-pass
machines and programmes speaally developed tor the purpose. The most ver-
satile machines portorm the tunctions of soveral types of machine tool bornig,
drilling, nalling. threadmy, tirmmy and sarface timshing, They have automate
wol changers and the wols employed must be well envmecred and pre-set In
these cases. a xing]c machine is cquivalent, from an mvestment point of view.,
o 4 complete muanutacturing set=up.and this 15 how the machine ol user
should view it The user i devdlopnig country muse judge the usetuliess an'l
value of 4 modern machine ol from an mrinsically different posttion from his

counterpart m an idustrialized country. The Tatter can wstally toresee many

orders for cnm}\lia.m o \\orkpiu‘cs. the tormer can r.wcl)' do so.

The application - numerical controly is not contmed to machine taols
which remove meral e chips. Muluple punch preses. coll wimders. flame-
cutting machmes and wire-drawing machines are other examples of ther use.
Even transfer machines are otten cquipped with numerical controls and the
uumber ot applicationy 1s growing Jaly.

T he operation of mnnuric.n”y controlled maclhme tools FCQUITES SOMe New
skills which can be aeveloped most eflectively and i comparauvely short time
by upgrading capable men already cmployed on the production fine. Asa rule,
fess mechanical shill is required of the operator, whao now becomes the super-
visor of 1 greater production output from the same Hoor space. The good mll-
wright who has 1 :en responsible tor conventional machine tools, 1s tamilar
with vartous types of teoling, tool materials and work-holding devices, and
knowledgeable about teeds and speeds, can become an ethcient programmer of
numerically controlled machimes with relatively e trammyg. Once trained,
such men represent a valuable investment i personnel, dithicult to replace. An
enterprise must therefore be carctui to ensure ther continued emiployment or
it will sustain Tosses ditticult to make good.

UNCONVENTIONAL MACHINING PROCESSES

The traditional or conventonal method by which a machine ool removes
metal i Ly shaving away thin slices, or chips, of the workpicee. In the last decade
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several impovtant processes have been developed that are not hased onwmechaneal
cutting actions: they depend instead on chemnieal and elecaical actions, These
new processes are collecuvely deseribed by the term unconventiomal machminyg.

As vet. the amount of machming done by these methods is a sl fracton
of the total nindustrially advanced countries and a neeligible fracion or none
i most developmyg countries. Their use is growing, however, with the demand
tor manutacture from  high-strength materials of products with complicate:d
shapes. This is especiadly evidentin the acrospace and clectronics industries. They
wid to be employed i applications where conventional cutting tools would
not tunction or would have such a short lite as to be uncconomical. and m some
applications tor which no cutting tools exist. Several of these unconventional
processes have been developed to the point where they are competitive with
traditional methods of material removal and even, i certain circumstances. more
cconomical.

The principle of clectrical-discharge machining (EDM) is well known and
was tirst applicd in the USSR. A narrow ¢ap is maintained berween the tool
(an clectrode carrying a pulsating high-frequency current) and the workpicce,
while both are submerged in a diclectric fluid. Spark discharge between clectrode
and workpicee erodes the lateer. The fluid s kept circelating in order to remove
the debris. EDM is employed to make large one-picce dies for the automotive
industry. Electrodes can be made of a numbcr of metals and alloys or of graphite.
The workpicee has to be a conductor of clectricity. Where a male part is already
in existence, it can be provided with a special tip and used for die sinking. The
metal removal rate and surface finish can be controlled in this process. which i
capable ot achiceving tool room accuracy.

Electro-chemical machining (ECM) is a related clectrolytic machming
process which was first applied to the grinding ot hard-to-machine material,
especially carbide tools. The main advantage it offered was more cthcient use
of the diamond grinding wheel, thereby lowering costs. A gap is maintained
between tool and workpicee by the metal-bonded abrasive in the grinding
wheel. The process itself is the opposite of clectro-plating and there is no tool
wear. A direct current is made to Aow rapidly in an clectrolyte between the
tool (cathode) and the workpicee (anode). ECM s also widely used for contoured
cavity dic sinking and making other special shapes such as parts with long,
non-round holes. The accuracy of the finished workpicee is dependent npon
the dimensional accuracy and surface quality of the tool (cathode), which is
made of corrosion-resistant metal; the speed at which the clectrolyte Hows
between tool and workpicee to remove the sludge which is formed; and the
current capacity of the cquipment. Another application of the ECM process is
to manufacture workpieces of irregular geometric shape. Their dimensions can
be held accurate to within 0.0002 in, where conditions are tavourable. There
are no sparks or arcs to cause localized heating in the machined surtace and no
burrs are formed. Since equipment and tooling are cxpensive, the process is
cenerally not used tor small quantitics of parts.

Chemical milling has been used industrially tor about 30 years and equip-
nient tor this process has been marketed during the last 10 years. An acid or



12 By v st OF MACHINE 10018 AND REFATED ANPEC TS OF AUANAGEMENT

alkaline solution is msed to etch a preseribed pattern into or through a metallic
workpicce. The desired pattern can be obtained by musking the rest of the
workpicee with a chemically resistant filn, exposing only the portions to be
ctehed away. An alternative etching process uses photographic techmiques and
is vartously known as photoforming, photofabrication, photochemical blanking
or cven, contusingly, ~hemical machining. In this process a photo-sersitive
coating is applicd to the workpicce, which is then exposed to hight through a
negative; the coating is then washed oft the arca to be ctched in 3 developing
solution. Small parts made of almost any thin metal sheet can be produced in
Large volume relatively quickly and the processis often competitive with stamping.

The application of ultrasonics to precision: machining has progressed with
the need to deill or shape at an cconomic cost workpicees made of non-machin-
able material such s tungsten carbide. ceramics, glass and quartz. ‘The heart
of the cquipment is a magnetostriction transducer, which converts hivh-frequency
clectromagnetic into mechanical vibratious. The tool-liolder is attached to the
transducer and a tool of the desired shape is thus made to vibrace at high frequency
and low amplitude in contact with the workpicce in an abrasive slurry. The tooi
15 usually made of mild or stailess steel and the commonest abrasive 1s boron
(‘dtbidt‘ pnwdcr.

In the clectron beam machining process, clectrons are accelerated and
focused in  narrow beam onto a spot, by means of a magnciic field. The clectron
beam heats. wiclts or vaporizes a localized area of the workpicce, which usually
is placed in a vacuum chamber. The beam can cut holes and hairline slots or
weld with a deep, narrow seam. Some of the first applications were the drilling
of small holes in jewels and spinning nozzles, and the welding of the covers of
atomic tuel clements.

Two types of nmachines employing laser beams have found industrial ap-
plication in micro-machining and micro-welding. The pubed ruby laser was
the first to become commercially available, followed recently by the CO; laser
with continuous light beam. A laser beam will vaporize, melt and weld any
material used in engineering; it is possible to use it with the workpicce placed
under a translucent cover rather than in a vacuum chamber.




CHAPTER 2. TECHNICAL FACTORS IN MACHINE
TOOL OPERATION

MACHNINIG CAPACITY

The concern of a machine tool buyer is that the equipent should satisfy
his specific production requirements at a compcetitive cost. Although many new
trends are discernible in recent designs, most basic features of machine tools
remain the same.

Machine too! design is the fruit of experience gained in production shops
as well as laboratory rescarch. The main trends in design have been the provision
of more power and greater rigidity, together with a wider range of feed rates
and speeds. Other developments have been greater safety and case of operation,
more specialized control and drive mechanisms, and improved accessibility for
maintenance. Cutting speeds with carbide tooling range in practice approximatcly
as follows: stecl, 300 to 800 ft per minute; cast iron, 200 to 500 ft per minutc;
and aluminium and magnesium, up to 20,000 ft per minute. Much higher speeds
arc obtainable when cutting the light metals, because they require less power
per cubic inch machined per minute than do stecl and cast iron. Tool temperatures
run higher when machining ferrous materials, resulting in more rapid tool wear.

The amount of power required at the cutter to remove a cubic inch of
material per minute depends basically upon the kind of material being cut,
particularly its microstructure, but the feed per tooth and the cutting angle of
the tool exert a certain influence. Power consumption is not appreciably affected
by the kind of material used for the cutting edge of the tool (high-specd steel
or carbide) or by the application of a cutting fluid. However, the use of
cutting fluid often increases tool life (number of picces completed per tool)
and may improve the finish.

The power required for a machining operation consists of that needed for
actual cutting or removal of metal and that needed to overcome friction in the
spindle and feed mechanisms. For optimum performance, the rated horsepower
of the driving motors should excced the power required. Both the machine
and the motors can be operated above rated loads for short periods of time,
but it is not good practice to operate with continuous overloads. In most instances
safety devices are built into the machine tool to prevent scrions damage througl
overloading—for example, shearing pins and declutching m.chanisms.

Data on the power required at the cutter to machine a representative range
of metals, together with recommended cutting speeds, have been assembled in
table 1. The values tabulated al'ow for the cfficiency of machine tool drives;

13
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T:‘\\Ht ‘ M:\(HINIM, CAPACTTY IN RIFAIION (O RATLD HORMPOW R AN R OMMENDED
COPHING SPLEDS SLTEC TUD MATRIALS

€ ubic tnches of metal Reconnnendod e v crpeds,
. rerored per minge 1Cr e i

Vtersal 1o be v hined [ (5 im

oo 0 Huvhioseed steel ool [ TR A

s dnne machine i
Almiowaum 3 30 600 2000 IR I 1
Brass, sott ... .. ... 3 30 300 1,500 3500 1000
Bromze ..o 0L 3 18 200 3w RIS
Bronze, hard 1.5 9 HUTERAY 125 - 350
Cast tron, solt o0 3 18 10012 230400
Cast iron, Jdnlled .. ..., 13 9 M) 70 1A D50
Mualleable iron .. 2 12 100120 R 4
Sreel, soft o . 2 12 100130 AR 7501
Steel, medium 1.5 9 50100 230 - 400
Steel, hard .00 1.0 6 R 156 .-300

o check whether a 3 hp Lathe or milling machine is adequate for mahimine 4 wort prece ofsteel, .20 per
cent O, Bhin 170, we should proceed as follows. This material falls 1 the Catesory of soft steel, of which 2 cubic
inches per nunute can, according to the table, be removed by a 3 hp machine ool Expressed minches, the depth
of cut multiplicd by the width of cut multiplied by the feed per minute should, therofore, not exceed 2 units, T hic
amount can be removed inthe form of chips during continnous machine twol operation. Note that w15 hp machine
would remove b times as moch material as a 3 hp machine, since the drive mecdanism of the hirher-powered
machine tool is more efficient,

they are based on 4 cut 1/8 in deep, taken with a tool having 0 degree rake angle,
and a feed (chip ivad) of 0.010 in per revolution.

A 10 degree negative rake angle at the cutting edge requires approximately
10 per cent more power than a 0 degree angle. Likewise, power required will
decrcase by about one per cent for cach degree of positive rahe ang]e.

If the feed per revolution is more than 0.01) in, the power required per
cubie mch per minute will deercase slightly ; on the other hand. it Ny crease
by 20  per cent or more it the feed per revolution is reduced to 0.0002 or (.001 in,
In fact. a fine chip 1s generally the least cconomical way of machming in terms
of horsepower required per cubic inch removed per minute and in terms of
tool wear.

A greater depth of cut decreases shghtly, and « shallower cut increases
slightly, the power required per cubic inch per minute.

It should be remembered that tools wear continuowsly during production
runs and become blune. Even when no breakage of the teeth occurs, powcr
consumption rises by up to 50 per cent on account of wear, before the stage is
reached where the tool is changed. For this reason, it is inadvisable to sct up a
machme tool tor a relatively large number of workpicees on o basis which
mvolves a power overload from the very beginning,

Modern machine tools are buile with very rigid frames in order to be as
free as possible from vibration. There are other factors, however, which in-
Auence the rigidity of the total set-up: cutters, spindles, position of tool, support
of tool, the design and position of the fixture clamping the workpicce. These
are points which are mainly under the control of the operator and the super-
visor. Many companies have found it worth while to organize o programnie
to train their key men in the utilization of modern machine tools and cntrers,
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The pertormance of old machine tools can sometines be miproved durmy
a genaral overhaul by dimmating loose bearings, shides and gears. OLl nilling
machines are otten “npdated™ by futing a Hyv-wheel, which. however, must by
of the right size and properly Jocated. otherwise it may dwnage the machine
or cause deflections i ity members which are detrmiental to ool life, Milling
machmes with buoile-in tly-wheel have special controls for starany stoppine
the spindle and teed mechanisme,

Carbide wols are 11()\\'.!\1;1)‘5 often (lL'\i:l]lL'\] to vive pmiii\'c radial rake
angles and variable small negative rake angles at the cntting edge. These tools

have tound general acceptanee mindustry and are now muade by a mumber of

companics. They enable the tools to be adapted casily for cutting steels of vartous
hardness and other materials. They can be operated with Tess power and have a
longer lite than many other types of cutters. Sinee they abso exert Tess thruost.
i has been found sdvantageous to nse them milling welded steel strocrures.,
which bend and vibrate excessively it milled with ordinary carbide cutters.
Mcchanically held carbide tool tips, which can be indexed to change the cutting,

edge. have abo vamed wide aceeptance, becanse they chiminate the cost of

regrinding. They e used mainly as single poine tools, but also in millmg cutters.

Cutting speeds and teed rates of machine wols ave been inercased to snch
anextent that the actual cutting time is only a small part of the foor-to-Hoor
ame i most cases Reduction of the tme required tor Toadig. locating and
clamping the workpicee, positioning it for cutting, shifting levers for starting
and stopping now ofkers the most scope for lowering machining costs. The
prodhiction cap iy of machine tools can be gready increased by autamatc
pacing of the cutting operation and provision of automatic cydle controls to
reduce idle time. The addition of an automatic eycle mechanism nuahes a standard
machine more adaptable o large series production. sinee it climinates many
fatiguing motions otherwise required of the oper tor. The mechanism determines
the hourly production rate. cven in short runs. Numerical control of the machine
tool can achicve similar results.

Special tixing devices are required for workpicees that are not rigid owing
to their shape or, for other reasons, are ditficult to hold by ordinary clamping,
Various interchangeable. universal workpicee holders are commcrcially available
today. They permit wide possibilities of set-up and ensure rigid holding and
guick handling of workpicces in a great varicty ot configurations,

While carbide tools make higher rates of production possible, they tend
to become blunt in a shorter time than cutters of high-speed stecl: however.
they produce more workpicees per tool set-up, which is the main consideration.
The number of workpicces produced per tool depends also upon tool design
and the machine tool. Each shop should have experienced setters to seleet the
best teed rates and assure that operating with non-rigid tixtures, loose beariigs,
locse ways cte. s not allowed to happen. With proper attention, @ gradual
mprovement in the production figures will generally be achicved by changing
to carbide tooling. Carcless haidling of carbide tools, selection of the wrong
grade of carbide, incorreet grinding. using the tools until they Hake or chip
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are the kinds of ¢rror that are committed and can make this type of machinng
uncee 10mical.

Most machine tools are now burde with the stringent rvquircnunt\' of car-
bide snachimmg m nund. This has meant increased poseer and rigidity, which
also- made posable higher teed rates and speeds with tools ot Ingh-\{w,ui sted]
(IISS) and cast ;lHn}' maternals, (ch latter arc I,‘y no means obsolete. ]l.l\'il\f_{
been tmproved during the fast few years. and @ wide variety ot arades are avail-
able)) In torm cotting, in particular. HSS and cast alloy tools are preterred
because they can be more castly shaped and reground. Sometimes carbide and
HSS tools have to be run together on the same machime. Grades of carbide have
been developed for use at the lTower, FISS cutting, s‘pu\]\ hecanse the usual
carbide grades tend to lake and chip it wsed ar these speeds.

Sice higher cutting speeds generally produce o better ~urtace fimisin 1t s
possible with carbide tooling to machine the surfaces of bearings with a sutticient
degree of accuracy. A reduction in the feed per revolution also serves, within
limits. to mmprove surtace tinish. The surface tmsh required must be kept
mind when setting up a machming operation. For example, it we use a carbide
face mill on o haavy steel workpicee, with a feed of 0.015 1 per tooth, a cuttimg
speed of 350t per minute. and 0300 m depth of cut. the surface fmish is com-

paratively rough—about 80 microinches rms profilometer reading. A feed ot

(L.005 i per tooth, a cutting speed of 500 tt per minute, and only 0.060 in depth
of cut would result in a better surtace tinish- about 45 micromches s protilo-
meter reading.

The hardness number of the workpicee material can be used to make ap-
proxinte prelimimary ostimates of teeds and speeds required. Thus, while it is
cconomical to cut steel of 200 Blin with a carbide tool at 500 ft per minute
and a feed rate of 1010 in per revolution, the same material heat-treated to
300 Bhn would require a reduction in the cutting speed to about 300t per
minute and i the teed rate to about 0,008 i per revolution. It the hardiess is
mercased to 400 Bhn the machining problem becomes more ditheult: not only
s 1t necessary to decrease the cutting speed to about 140 ft per nunute and the
teed rate to 0.004 in per revolution, but the machine tool ~pu1m.mnn becomes
morg¢ .strmg,mt

Resurtacing used die hiocks requires highly rigid bed-ty pe machines operating
at relatively low feed rates and speeds.

it is cconomical to resharpen a carbide tool when it has worn 1/64 of .n
inch on the flank, which the operator can casily measure with a marked rule,
Using the tool beyond this point increases the risk of breakage and makes regrind-
ing more expensive, more than offsetting the gain from a longer production run
per taol sct-up‘

Another recent development is the so-called throw-away tool: the carbide
tool tip is mechanically clamped and when the edge is worn at s indexed and .
1new Cdgc‘ starts Cntting. A square nisert pr()\'itlcs‘ ] cutting.z Culgcs. d trmngul.lr
msert 6 cutting edges, with negative rake, There s no break in production tor
regrinding,

The moderm machine tool cuts metal in tundamentally the same Wav s
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the tint tools devised by man o fashion metal objects, separanmy the wienal by
means of a4 lnrder material, This s sull die essential funcnon of most madhin.
tools. The new miaterials with high-strength propertics of which workpiec s
are: mude, and the dentand tor noch speedier operation hove made 1t more
dithcult to perform this funcoon, It is o the smuall region at the cutting cdge, a
few thousandths of an tuch in depric and Tength, that most of e medaniea
power applicd by a machine tool is used in the cutting process. The harder the
workpicce material the more power s required per cubic mch removed per
minute and the more heat s generated inthe tocl the chip and the sarface of
the workpicee.

Many factors contribute to cconemical operation, not the least of wlich
15 the correct application of engmeering principles to the complete tooling of the
machine in the shop. As vet, no “wonder™ cotting luid, no “niracle™ tool
material, no "atomie disintegrator” or “magic angle’™ has been discos ered whicl,
will result i high. accurate production and Jdo away with the CXACtg require-
ments for the machine, its tools and the sct-up for machining.

WIEEL SPEED IN GRINDING OPERATIONS

Grinding was tor long thought of inanly as 4 finishing operation. In recent
years, however, wheel speeds lave inereasea in both rongh and precision grindiey
operations, because higher speeds make it possible in many cases to remove
metal rapidly and cconomically.

Currently, there is a great interest in Europe i precision grinding wirh
vitritied-bond wheels operating at peripheral speeds of 12000 ft per minute
or bigher, In the United States, only a very limited amount of production grind-
mg has been done thus far at such speeds—some thread grinding and meevnal
grinding at 12,000 tt per minute and grinding ot hardened bearing races at up
to 16,000 ft per munute. These are all special operations performed on machines
saitably cquipped tor the high specds.

Grindiig wheel strength

Wheels have to be tested at a speed 30 per cent higher than the maximum
permussible operating speed, for example, at 18,000 for use up to 12,000 ft per
minute.

Conventional vitriticd wheels in the softer grades or coarser grit sizes are
not strong cnough to be used at high speeds. Sice fracture due to excessive
speed always starts at the hole, where the stresses are the highest, strengthening
the portion of the wheel adjacent to the hole is one way of overcoming the
problem. The strengthening can be done by impregnating the central part of
the wheel with w smtable remforang material. Japanese experience shows that
wheelsin soft grades and coarse gritsizes reinforced with high-strength resin can
besately used at high speeds. This makes high=speed grmding @ much more
promsmy, teclmique than it only hard, tme-grit wlieels could be used.
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Cocof bl grindung s pecds

The principal advantay oy of lagh whedl specd derive from the tact thar the
prndmg forees are ey proportional to the whed speedothar things
bomg cqual. Iarcasimg the wheel speed reduces wheel wear and the detlocnon
ot the waorkpiece, thas mproving the surtace il Tlow ever, o higrher wheel
specd also rases the temperature of the work surtace, unlos the work spead can
be mercased mthe sane properion, High=speed grinding also vequires areatly
mproved coolant system. smce conventional nozzles do not vet the grnding
Hard mto the crmdimg contaar area at gh wheel speeds.

Wb higher whel specd one can either mmprove workpiece quality without
raduang the rate of mewd ramoval or obtain the saae quahity with o higher
ramoval rare. 1

¢ Liner v achieved by marcasing the feed rate until e arimding
'.”” US Al as rreat as !hx} were at the lu\\'cl’ \\‘llu'| \pu\{. 'l'llix statentent s \'.llitl
rovided dthat the workpicce can withstand the gher erimding temperatures
assoctated warh the hgher rate of metal removal.

Because of the appreciably lueher cqupment costs, high=speed grinding can
he usttied anly e wakes possibie suthaently lagher rates of meral removal, 1t
the equipment can be niticd on this basis, then it use can o be justtied o
miprove quality. it neccsary,

Higlspeed  grinding v conadered very promisimg by the automoty
mdustry, i the hght of the resuls dready obtamed. It ACCEPLANCE 4y 4 M-
facturing process will depend on a carctul evaluation of the total costs mvolved
m obtaminy the product qualiny reqaired tor cach potential application.

New equipment will be needed tor operations at 12,000 i per minute,
sHIce 1 not coustdered practical to rebuild existing equipment 1o achieve this
speed. Any change o hich wheel speeds, it 1t 1y found worth while, will Lo
gradual.

Use of low grinding specds

Lxperience has shown that there ore spectal situations i which high wheel
speeds are detrimental, the best results being obtained at speeds below 6,000 tr
per minute,

I vertical-spindle, rotary=table grinding, the speed aenerally does not
exceed L300t per minute. Fligher speeds are likely 1o glize the wheel unless
a considerably softer muaterial than normal s cmploved. Most of the abratson
i this type of operation is done by Toose grains, which excise most of the chips
and-also bring about most of the wheel wear. sinee they Knock other grains
out of the wheel, therchy replenisling. the sypply of loose abrasive material. A
properly selected wheel functions i this mstance primanly as a controlled
supply of Joose grains. The grinding action m this type of operation is Guite
ditterent from the usual one and mcrease m wheel speed can prevent it trom
Ll}\ing place,

A reduction m wheel specd normally increases wheel wear and decreases

the crmdimg ratio the amount of metal removed relanve o the amount of
wheel wear- by nmking cach abrasive gram Jdo more work. However. in a
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surface grinding operation ona high-vanadium (3 per cent), high=speed el
such as 1150 the grindmg ratio inereases as the wheel speed s reduced trom
0,000 1o 3,000 ft per minute and then decreases raprdly with turdher reducnons
m wheel speed. The extremely hard vanadium carbide particles e the sed
.1}\}hu’ull[l)' iu'mmc less roststaitt to SCVCTANCe li)' tllL‘ .ll\l‘.xsi\'c :,:l'.lill\ as the wheel
speed s redueed, This phenomenon more than compensates for the mcereased
wear that normally occurs with diminishing speed. Below 3.000 11 per minute.
the normal wear relationship starts to take effect.

The same phenomenon occurs, but 1o a much lesser degrees o ordimary
high-speed steels, where the arnding ratio may remam more or les constant
the speed talls trom 6,000 to 4,000 £ per minute, below which tigure i deercases.,

When erinding ticanium and i aloys, it has been tound that a chemical
reaction can take place between the surtace of the metal and the abrasive i
owimny to the high temperature generated momentanly at the point of coniact;

thns leads to extreni v high wheel swear. Odier metals that respond sionlady

are zirconum and uranium. 1he reacton can be mhibited by a combination ot

arcatly reduced wheel speed (generally 1500 1o 2,000 ft per minate when the
abrasive s alununiom oxide) and the use of cortain chemically aaive grinding
Hurds, Teading to e mercase e the grinding ratio by . tactor of 20 or more, 1he
srinding Huid produces ionie barrier layers on the surtaces of the metal and the
abrasive, which decrease the probability of contact and henee of chenneal reaction
between metal and abrasive. A lTow whed speed provides the tme necded for
the tluid to torm tresh layers to replace those dispersed mthe course of arinding
and also reduces the contact temperature, thus helping to decrease the chemical
reaction, The eftect of lower temperature is relatively slighe in the absenee of o
suitable, chemically active grinding tHuid.

Low wheel speeds also minimize the restdual temsile stresses cansed by
grinding heat, which adversely atteet the resistance of the metal to fatigue. An
established procedure often cmploved in the acrospace industry s to grind
only 2,000 tt per minuted with a soft wheel and to ke progressively lighter
cuts when approachmg tinal size. 1t is not ar il clear why such o low wheel
speed should be necessary to prevent the formation of residual tensile stresses.,
when one recalls that hardened stedl bearing races are being ground at 16,000 ft
per munute with apparently no harmtul cfects troin arinding hea..

Another grinding operation in which low speced has been found necessary
is abrasive-bele grinding of stainless steel slab. The belt has to be run at only
2800 tt per minute, at which speed anextremely high rate of metal removal i
achicved. Abrasive belis normually run at double this specd, .o about the same
speed as conventional vitritied wheels.

While high-speed grinding certainly shows a great deal of promisc, these
cxamples illusteate the conditons under which low speeds have demonstrable
advantages,

TUE ROLE OI CUTTING LLUIDS

he primary function of a cutting Huid is as a coolant of the tool, the chip
and the workpicce. By lowering the temperature at the interface between tool

L
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and chip it enables the tool to fast longer before regrinding. In addition, the use
of a cutting fuid usually improves the surface finish of the workpicee and washes
away the chips. Many different cutting Huids have been developed for the various
muchining operations. since no single i gives the best pertormance for .l
operations,

Fhe most common cutting Quids are water solutions and cmulsions, which
are most cttective inoperations such as turning steel with single-poine HSS
tools. Turning operations with carbide tools are generally done without a coolaut,
although a stream of compressed air is then usually employed to blow the cliips
i a detmite direction.

The addition of sulphur, chlorine or phosphorous products to a water
cmubion gives it more of the propertics of a lubricant, Cutting Huids of this
kind can be used with advantage in <lling, thread milling and broaching,
because a great deal of friction is generated in these operations on the non-
cutting surfaces, especially the land of the twist drill. b such cases, the lubrication
action of the cutting fluid may reduce the frictional forces of the cutting process
as well. thereby reducing the power required by the tool. This phenomenon
does not take place in tuming operations, because a single chip 1s formed in
this case under high pressure per wnit arca at fairly high speed. The lubricating
aciion of oil and of water enlsions “with sulphur or chlorine additives occurs
i tarning operations only at low cutting speeds (about 10 to 20 ft per minute)
which are rarely employed in practice. Hence the cutting fluids usvally chosen
for turing act mainly as coolants. A good coolant can be made by adding to
water an anti-rust agent, for example, 0.1 per cent sodium nitrate, and substances
to fower the surface tension of the fluid and inhibit the growth of bacteria.

Mincral, animal, ind vegetable oils are used as cutting fluids. Sometimes
different oils are mixed in various proportions to prodnce a fluid of a certain
viscosity for u particular job application or to improve the Inbricating action of
the fluid. Sulphur, chlorine and phosphorous products are also added to cutting
oils because they improve the lubricating power at higher pressures and tem-
peratures. Sulphur is wsually incorporated by adding sulphurized mineral oil or
a sulphurized fat to a plain mineral oil. There is a tendency for sulphur to stain
non-ferrous metal and even steel surfaces. Oil containing sulphur should the.efore
be used with cantion if discoloration of parts is objectionable.

Cutting oils with a high concentration of chlorine and sulphur compounds
are used on thread milling, gear shaving and some automatic screw machings,
as well as in heavy broaching operations. For thread grinding, a light mincral
oil is used when a good snrface finish is required. Kerosenc is an effective cutting
thiid in the machining of aluminium and copper. No oils, water solutions or
emulsions should be used when machining magnesium because this increases
the risk of fire caused by idling tools rubbing against the workpicce or making
very tine chips. (When machining aluminium, the tools should always take a
heavy chip and never be permitted to ron idle over the wotkpicee; continuous
removal of chips and dust from the machine tool is a further safety mcasure which
is strongly recommended.)

Coolants arc applicd in mist form, especially in high-speed milling operations,

Thes
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to give a better surtace finish or when a streant from a nozzle cannot be used
becanse the hquid would be cjected all over the shop by the machining operation.
Whether mmist or hquid form, the coolnt should be apphicd generously. <o
that 1t cann carry away much of the heat gencrated during the cutting action.
Most machine tools have built-in storage tanks and circolating pipes tor
cutting Huids. These items should be periodically cleaned to remove residues and
minumize the risk ot ranadity, mould and odour. A high-velodity filtraton
system can be installed, to remove eticienly from: cuting Huids ol fine par-
ticles, whether magnetic or non-magnetic. The use, reclimation, and eventual
disposal of cutting Huids can be quite complex and is an important tactor i the
cconomics of metalworking. Many factories have fomd it advantageous to
train at least one man in all aspects of the use of caeting Huids, because he can
then significantly fower manutacturing costs and incerease operating ctheicney,

Disposal of used cutting fluid

In most developing countries the problem of environmental pollution is
still largely ignored. Metalworking plants contribute to such pollution by
discriminate discharge ot used oil and cutting fluids as well as through smoke
and dust. The consequences of such actions may intially be contined to cansing
annoyance to workers and neighbours. In time, however, the eftects of pollution
can reach overwhelming proportion:  as many industrial countries have now
discovered, endangering the healtl of ¢ verybody and destroying natural resources
suich as pure water, forests, fisheries and agricultural land.

It has been discovered that it costs much less to prevent pollution than to
cradicate 1t Every industry in cvery country should feel it has a responsibility
to proserve the natural heritage and act accordingly; otherwise, it will bring
about its own destruction within a measurable period of time. If the issue of
pollution is tackled at the start of industrialization by a developing country,
reasonable solutions may be worked out before the problem becomes well-nigh
mmmanageable. The hazards to public health in many industrialized countries
which have been created by inadequate control of pollution provide a clear
warning to the developing countrics. The level of the costs which industria'zed
countrics tuay have to incur to turn back the tide of pollution would represent
a disastrously heavy burden for any developing country which allowed itsclf to
get into a similar situation, "

MAINTENANCE AND REPAIR

Machine tools represent a major investment when cquipping a metalworking
shop. It is imperative to keep the n in good repair. Well buile machine tools
may cndure many years of use and 2buse with negligible maintenance but nobody
can count on that. Most small enterprises encounter slack periods during which
they overhaul and paint their machine tools. Even in these cases, work should
follow a detinite schedule. In addition to replacing breakages, there should be a
thorough accuracy check and the wear and tear of bearings, slides, gears, belts
atd motors should be examined. Loose motor mountings and worn beles can
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cause vibrattons, Machie wols cannot tunction - tnlb capacity at there s -
sathcient or uneven tenston me the belis,

1
i
i

An old machne ool mav be basically soend, me which case - thorough
overhaul, mdudimg replacement of worn denentss mav restore it to full working
condition. Betore starting an extended repar job on aparncular machine wol,
the manutacturer's nantenance manaal should be comsulted. (I 1t has been
lont mother copy s obtanable trom the munutactarer) Reboilding o used
muchine ool i o demanding tsk s me the mdustridly advanced counties there
are shops which speaiahze m this complex precision work. otten equippniy old
nachines with modern teatares and then selling them with o voarantee, ke
new machme tool. Such acuvities could be an important step on the road to
becommg macdime ool numutacturers, tor suttably cquipped workshops.

W hien the pertorimance of « nachine ol begins to deteriorate. there are
sevaral possible reasons, The fl»“n\\‘ing advice recarding oparation and main-
terensce willo it followed, avoid mese problems imd cure many others:

o st chech that the machme is level and s not rocking on the iloor,
which may b due o the toundation wtlling. The test requires a
preciston level on crossaslides and bed.

2. Make certain the machine tool s not distarbed by external shocks
produced by road trathe. forging presses. eranes and the like, which
result in rougher surtace tmish and lower accuracy. Use rubber, springs.
telt, prneumatic or fibreglass mounts if necessary o absorh vibratons
transmitted from the surrounding,

3 Aregula schedule of Tubrication tor the machme ool and s motars
will avord some breakdowns, Mukhe coertain the correct lubricating ol
is used.

A Makesure die machine tool s dean betore starting a new job. Romove

Al chips and dost from the machine atter fnashing the b, bat never

clean the machine while ie is running, because damage and personal

mjury can result.

5. Toavoud cuts ana mtecton. never remove chips wids the bare hands;
use d brush or cloth.

0. Do not extend anarm over cutters or workpicees while they are

l'k‘\\\]\"lllg.

7. Use g tecler Sative oF g }‘i(‘(‘t‘ ot paper when L‘]]«'L‘Lillg ose .u]_iusnm'nl
of cutters and W ul'Lpi(‘L‘(‘x.

8. Keep tools and workpicees i place where they cannot be damaged
or become covered by chips and will stay clean. Chips should be
periodically removed. so that Large amounts do not accumulate near
the machine.

9. Make sure that Just and chips cannot enter the coolant reservoir or
pipes or settle on precision shides and surfaces of the machine tool. It is
vood practice to cover all openr slides.

0. The spindle and spindle nose of a4 machine ool are among its most
precise clements. Particular care should be taken that they are not
subtected to hamimer blows or damaged by cutting tools or ('“hip\.
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16.

17.
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Betore mounting tools on the machine tool cheek that they are frec
from chips, dust and nicks. Fine chips between tools and their tixtures
will cause inaccuracies and sometimes permanent damage.

When using a lathe, keep the ool overhang and the extension of the
tail stock as short as possible in order to avoid impairing the over-all
stiftness ad hence the performance of the lathe. Lathe tools should
be mounted on the centre line; if the cutting edge is above or helow
centre linc the tool angk' Is ;lﬂl‘cth.

When mounting a milling cutter on an arbor, place the cutter as
close as possible to the spindle nose and position the table near the
column. Make sure the horizontal cutting force acts to push the cutter
into the spindle. A staggered tooth cutter will work beteer in deep
slots. A cutter with wide tooth spacing is usually beteer than one with
many teeth, it uses less power and makes for better chip tlow, All
cutters should run concentric otherwise some teeth will be overloaded
and others 1die.

Handle large milling cutters with a picce of cloth. not with hare hands,
as a4 protection against cuts.

Always make sure that the workpicee is in the correct position and
clamped tightly without deflection, and that there is no interference
between tools and holding devices. Insert metal shims or ¢ dboard
to protect highly finished surfaces when tools or holding devices are
clamped on to tiiem,

Never place rough castings or forgings on precision ways or similar
surfaces of the machine tool, without interposing protective matetial.
For simall adjustments to the positioning of cast iron and steel work-
picces use a lead hammer, for aluminium and magnesiunt workpicees
use a leather or plastic hammer.

Betore starting the cut, make sure that speed and feed rate are correctly
chosen. Failure to do so may damage the workpicee, break the cutter
or produce an unsatisfactory surface finish.

Cheek the functioning of all feed stops and muke sure rapid traverse
is disengaged before the tool starts cutting.

It a coolant is used it should be applied plentitully. Cast iron is usually
cut dry, however,

Adjust and clean slides and bearings at regular intervals to ensure that
speed and precision of performance are maintained.

When setting up the machine tool for its next operation, do not
place tools on the floor but in a rack where they cannot be damaged
or fall on to concrete.

“Good housckeeping™ procedures and adequate lighting in the machine
shop ensure good workmanship. Precision finishes on machinery and
tools must be protected. Doors and apertures on machine tools and
control cabinets must be closed when work is in progress to prevent
the ingress of lying chips.
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LEFECTIVE USE OF MACHINE TOOLS AND RELATED ASPECTS OF MANAGEMENT

Machince tool operators should always wear safety glasses. They should
be capable of undertaking adjustments and minor repairs to keep the
machine tool in good working condition. A plant maintenance man
should be charged with major repairs and overhauls.

The diffusion of dust from grinding machines must not be left un-
controlled; it damages not ouly other machine tools but also the lungs
of the operators wlio are forced to breathe it.




CHAPTER 3. PRODUCTION MANAGEMENT

ECONOMICS OF INVESTMENT IN PRODUCTION EQUIPMENT

Investment decisions in connesion with production cquipment are among
the most ditticult to take in any country or cconomic system, but especiady in
developing countrics. The business risk varies from onc location to another and
trom country to country. Caleulations relating to the whole expected lifetime
o production cquipment cannot casily allow for the effects of possible monctary
inflation or deflation. To acquire cquipment not made at all in the particular
country, special costs may have to be incurred for an import licence. Import
duties for machines aud materials and cven the whole taxation structure may
change during the lifetime of a machine in a completely unpredictable manner.
The exchange value of a so-called strong currency can also change, with results
in some far-away country more detrimental than in the country of issuc.

When a machine ol has been used for a number of years it way become
obsolete. In other words, competitive enterprises start using machines which
have new design features yielding higher production of similar parts. It is not
always casy to identify obsolescence because machine technology generally
develops slowly, with no sudden increases in productivity. Over the long term,
operations must yicld sutficient orofit to permit the acquisition of cquipment
mcorporating new technological advances, without which it may be impossible
to heep many manufacturing operations competitive.

Faced with this situation, some companics rent machine tools on an annual
basis instead of buying them, a procedure which also releases additional funds
for use as working capital. Renting has another advantage: it allows a company
to judge the worth of a new type of equipment by practical tests, before having
to decide whether to buy it. If the company then buys the equipment, an allowance
is usually made of part of the rental alrcady paid.

Because of the inevitable, if sometimes slow, obsolescence of production
cquipment consideration has to be given to depreciation charges from the day
a machine enters the shop. In industrialized countries many types of machine
tool are considered obsolcte after ten years of service. Some special-purpose
machine tools may be written off in a ycar or two years, where they achieve a
large enough increase in productivity compared with a standard machine. The
engineering service cannot be expected to forecast the rate of obsolescence ac-
curatcly. The accountancy service will try to crr on the safe side, so that no
picce of cquipment proves to be obsolete before it has been fully written off.
These judgements are of great importance where obsolescence may oceur long
before the equipment is worn out physically.

25
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A more castly identitiable phenomenon is the deterioration of o wachine
hecause of nnny years of use and abuse. A number of items cache contribue a
suall amount o the Tower performance. which can be observed and judged
well by the operator or foreman. For example. a machine tool may no longer
completely fimish workpieces but can only be used tor roughmyg operations;
or additional grinding operations may be required because a lathe o longer
holds exact sizes; or only lighly skilled operators are capable ot turmng out
workpicees that pass inspection without rework; or jobs, somictimes even those
to relatively low standards of accuracy, take a long time to set up and require
special adjustments to the machine tool.

Another indication of deterioration is when a repaired machine breaks
down atter, say. three weeks” use and it then takes another three weeks to repar
it again. (This can also happen to relatively new machine tools which are heavily
overloaded or have some weak design features) Other danger signals are tools
that do not lastas Tong as expected, because of chatter and vibrations. or instrument
dals that no longer read accurately because of worn serews and loose bearings.

It is sometimes possible in the metal fabrication business to operate at a
proht old cquipment that was written off a long ume ago. but such situations
are not typical nor do they remain very competitive for long.

A well-built machine tool should be 100 per cent effective during the tirst
fow working years. Then e will start o deteriorate and its output rate will
decrease. or it will require more operator effort to hold accurate dimensions.
Fatigue may then lower operator etheiency too. Figure 2 s a schematie illustration
ot machine tool detertoration and obsolescence. Most machine tools will perform
well for 10 years 1t properly maintained. By that tme, obsolescence may coer
noticeably into the preture and compel a cost comparison with newer machime
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ctheieney and thus canse a degree of bsolescence in Jater vears,

Fogure 20 Machine ool deterioration and obsolescence
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tools to be carried out. Obsolescence and deterioration are immutable facts of
lifc 1: machine tools and are recognized in the tax Laws of industrialized countrics
by concessions in favour of indust:ial re-equipment. Special tax credits cncourage
machine tool moderization, improve profitability and promote the over-all
expansion of a country’s manufacturing capacity.

A rational investment programme must assess the probable savings in cost
that various proposals would achicve, on the basis of which a detailed schedule
ot investment priorities for equipment and machine tools should be drawn up. It
is a rarc situation in which investment resources are available for all projects
crpable of reducing costs.

All kinds of fixed and variable costs ot production. not only the costs of
obsolescence and deterioration, must be included in the assessment. To arrive
at realistic cost higures is dithcult, cven in an industrialized country. Formulac
' charts for determining the running costs of newly developed production
cquipment are of use only in the particular markets in industrialized countries
tor which they are prepared. Despite all the ditficultics, however, costs must be
cstimated as closely as possible.

It must not be overlooked that the costs of installation, rearrangement of,
and alterations to buildings and existing equipment should be added to the
purchase price of new equipment—and the receipts (if any) from sale of equip-
ment whiclt it replaces should be subtracted from this sum—beiore caleulating
the tmancial charges.

There are numerous valid reasons for installing new production cquipment:

To reduce existing machining costs;

To improve quality of products;

To make the products competitive with imported items;

To augment existing capacity;

To make the products competitive with those of other plants in the cowntry;

To overcome a shortage of skilled manpower;

To climinate heavy and undesirable manual labour;

To simplify difhicult machining opcrations; and

To start a new type of production, c.g. with new materials,

An investment in new cquipment to replace obsolescent or worn-out
cquipment has to be evaluated by several criteria.

First and foremost, the new equipment proposcd should show substantial
cost savings on the production of items made by the cxisting machinery, in
view of the margin of crror inherent in estimates relating to a lengthy future
period.

Sccondly, the management has to decide what its business goals are and
whether they are consistent with amortizing the new equipment during the
tollowing years.

Whatever the reasons for investing, the commonest procedure is to divide
the carnings before or after taxes by the sum invested, in order to arrive at the
return on invested capital. (Where production facilities have been the limiting
tactor on the volume of sales and the new equipment cnables output to be in-
creased, the calculation of carnings must allow for expansion of sales as well as
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any changes in unit costs.) Profit expressed as a pereentage of sales hus somn
utlity as a measure of the offectiveness of the particular machinery used m the
business. In cither calculation, profit should be struck atier charging 1the cost of
wear and tear and obsolescence of machinery and tooline. Wien this is done,
it is often realized for the first time that theve is really no profie . all,

These erude measures of the return on investnient can be comparad witls
the return which could be carned from alternative machine replacemeint projects
or investments to create additional capacity. They have some sherteomings,
however. They make ro adjustment for future changes in the value of money
and they do not allow for the time factor wlien savings are realized. The savings
m carlicr years can be reinvested to provide further mcome. A more sophisicared
approach. clled discounted cash flow, can be used to allow for these fictors
and hencee to retine the estimates of the return from investment in new machinery
or in other projects.

A manufacturing enterprise should be regarded as a procising operation
which adds value to raw materials such as steel, cast iron and plasties. The difterence
between the value of its output and the cost of material cte. cmployed, measures
the success of the operation. Net income should provide dircetly for progressive
company growth or be large enough to serve as an inducement to investors and
government agencices, by demonstrating that this particular enterprise can survive
on its own and even prosper.

WORKSHOP LOCATION

The construction or acquisition of a new shop or plint may represent .
investment of considerable magnitude and care must be taken in sclecting the
stte and the Jocation. If the size of the intended operation justifics a detuledd
mvestigation and the chioice of location or relocation is free. the following check
list may prove a usetul guide to determine the suitability of particular sites.?

(1) Labour force characteristics

Resident or transient; incidence of absentecism; housckeeping habits; ac-
ceptance of technological change.

Demographic and manpower statistics relating to population, by age and
sex; numbers employed in manufacturing, agriculture, ete.: availability of
skilled, semi-skilled and unskilled labour; scasonal cmployment; unemploy-
ment; willingness to work shifts. These statistics should cover an arca within
reasonable commuting distance from the proposed worksliop.

Assess the influence of established industrics in the arca. This affects wage
rates, working hours and shift pattern; competition for skills, unionization,
productivity, sccurity, lay-off provisions and cven what may be accepted

~ 2 Based on “Plant site sclection guide™, Factory, May 1957, copyright Morgan-Gram-
pan, Inc., by special permission.
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as industrial accident rates. e worth checking whether there is a local
mduostrial pace-setter with which the new estabhishimeur will be foreed to
cnmpctc.

(1) Management potentiat

Whethier prospective workers i the arca progressively undertake new
responsibilities. Prospects for recruiting managers, scientific and technical
manpower locally. Extent to which local people are trainable,

(¢) Local awenitics

Volume and types of residential housing. Facilities for education, health,
welfare, cultire and recreation. Attitude of the community to newcomers.

(d) Taxes, town planniug and ivdustrial oning requlations

Tax reductions and exemptions to promote industrial location. Property
and other local taxes.

Local regulations regarding smoke emission, liquid and solid waste disposal,
unsightly property, and creating a nuisance to neighbours. Building codes
and building inspection. Present and likely future codes to control environ-
mental pollution, and arrangements for their enforcement.

(¢) Scrvices

Electric power, fucl oil and water supply facilities.

Transportation services: proximity to railroad, existence of spur lines and
structure of railroad rates; route schedules, rates and access roads for truck
traffic, also weight and size restrictions and techniques used at transfer
points; airport location, air feeder lines and facilities for air shipments.
Local availability of numerous commercial services: a major repair shop;
an industrial distribution network; local trucking service; maintenance shop
for clectric motors; suppliers of lubricants, steel, lumber, engineering
sundrics and stationery; architects and engineers; contractors.

Quality of postal, police and fire services.

(f) Raw material supply

Proximity of sources, their reliability and extent to which already com-
mitted to other industrial consumers. Prices, delivery periods, conditions of
sale, transportation cost. Rate of depletion of sources. For key components,
existence of suppliers (preferably more than one) and rapid transport pos-
sibilitics. Present or future subcontractors.

(¢) Consideration of a specific site

Character of site; topography and physical climate; arca available, its
layout and orientation; drainage and liability to flooding; what services are
in place; subsoil and foundations; existence of gullics, streams, cte.; risk of
blowing sand and nced for grading and landscaping; whether pipelines and
other services must be relocated; cost of site; existence of restrictive coven-
ants on use of sitc; and. of course, cost of sitc.
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It is of primary mmportance to cnsure that adequate arcas ave available for
plant, offices, auxiliary buildings, yard, vehicular andfor rail trathic, not only to
meet mmmediate needs but also to cater tor plant expansion in accordance
with business forecasts, without relocation. The caleulation of the site arca
required proceeds as follows:

Covered arca requirements

I

2

External

1.

"

[ A I 5N

List present manufacturing and storage arcas.

Estimate all requirements tor which there is 1o precedent or which are
expected to arise at some future date.

In the light of the shift pattern now used or expected to be used in
tuture, calculate the additional arcas required for expansion of operations.
Allow a rcasomable addition for interior aisles: depending on the process
and arca configuration this could be as much as 25", of nanufacturing
and storage arcas.

Add arcas for auxiliary scrvices: power, compressed air. water, steam,
fuel storage, tool stores, equipment storage, repair shop. treatment of
waste air, water, Huids ctc.

Add arcas for oftices, including engincering department and laboratory.
Add arcas for employce services; lavatorics, locker rooms, dining
facilitics, first aid facilitics.

ared requircinents

Establish 4 general trahic pattern that links the plant to the existing
tratfic pattern of the arca. Generally, vehicles circulate in a clockwise
direction.

Devise detailed trathic patterns for icoming materials and for despatch.
Allow sufficient arcas for loading docks. In the case of heavy industrics.
consider depressing the loading dock apron or raisiug the shop floor to
truck foor level.

Where applicable, allow vehicular parking facilitics for employccs. In
the United States, an allowance of 1.2 to 2.5 employees per car is cus-
tomary. In some countries arcas for tents and outdoor bathing facilitics
are provided or dwellings arc built for the workers.

Allow arca for yard storage of scrap and for large stocks of key materials,
Allow arca for fire lanes, sccurity lanes around fences ctc.

The estimates of covered and external areas should be prepared for at least
three points in time: the present day; at the end of the useful life of the plant;
and at interim dates, possibly every 3 to 5 years. These estimates will give a
good guide to the site area required for a well organized and planned shop activity,
in the present and the future.

CONSTRUCTION OF THE WORKSHOP BUILDING

It designing the structure of the workshop building. the fundamental con-
siderations are strength, overlicad space and light.

iz
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Without a suitable Hoor to the workshop no precision work can be done. A
concrete floor with a carrying capacity of 200 to 500 Ib per square foot is commorn
practice and to be recommended. Care should be exercised that the vertical
impact loads, lateral thrusts and longitudinal shocks resulting from crane operation
are properly provided for in proportioning the frame. The roof structure should
be strong enough to suspend loads (allow at least 2,000 1b for cach handhng,
point). The rest of the shelter should be constructed to give adequuate protection
i the climate for which it is intended. Bays should be designed with adequate
heights to allow material to be handled overhead.

Daylight is a valuable asset. Therefore, walls are usually constructed of
brick only up to the sill of the windows, the glass being extended in height to
the purlins. There is always some loss of light due to unclean glass. East or west
exposure often causes a bothersome glare carly or late in the day. Northern
exposure is best,

WORKSHOP LAYOUT

A plant layout may be as simple as a single row of machines, processing one
part in successive steps from materials reception to despatch, located in a building
consisting of a single machine bay and one aisle. At the other extreme. a complex
plant layout may be evolved by rationalizing the arrangement of multi-purpose
cquipment in a job shop which processes small lots with varying prioritics.
process times and tooling requirements.

Fixed position layout is suitable in small shops where a part 1y essentially
completed at one location, such as a bench or machine. We are mainly concerned
here with how to plan process layouts where a part moves through several
successive steps. The primary benetit of appropriate plant layout is that it zives
namagement a realistic guarantee of efficient production and. theretore. of low
production costs. All the objectives listed below apply specifically to small or
mediumssized shops, but not all of them apply in cvery case. It is evident that
there is greater flexibility when planning a new workshop than when moditying:
an existing one.

I’n'liminary considerations

The total covered arca should be organized, process by process, mto
systent in accordance with the following principles:

I. The flow of materials must conform to the requirements of the manu-
facturing process.

2. The flow of the product should be continuous, preferably m a straight
line and with no back tracking.

3. Operations that will need an expanded arca should be located adjacent
to property reserved for future use.

4. Major process cquipment should be so located that no relocation will
be necessary during the useful life of the workshop, while not impairing
ctheicucy of production,
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Possible alternative production methods, by-pass routes and the effects of
technological change must be kept in mind whea planning the layout. Manu-
facturing processes essential to the production of the most profitable items,
currently and prospectively, should be given priority in assigning arcas and
routes within the workshop.

The grouping of production facilities into a press department, a cuttimg-oft
department cte.. is a useful approach to economical metalworking. It should be
a key objective to minmmize materials handling. This is the main reason for
advocating the use of straight line production paths. The discharge point of one
operation should be logically linked to the next point of usage by combining
handling with processing. In batch-type operations in-process storage facilitics
should not block the flow of matcrials.

Attention must be paid to employee comfort and saferv. Well hie, well
ventilated factories, with adequate work space per employee and clear aceess to
work arcas, are conducive to high productivity. Al safery and healrh haza. ds
must be carcfully examined and corrective measures taken.

The classical approach to layont in small metalworking n'ants

In preparing the detailed Tayout, the first essential is comprehensive planning.
Survey and plan the operation to give a high rate of turnover of work in process
without raising costs. In job~shop operations, the sum of all machining time on
a workpicee is rarely as high as 10 per cent of the total clapsed time in the shop
and is oftenc 1 per cent ov less.

Straight line flow can rarcly be followed completely and hairpin flow is a
very practical approximation. because receiving and despateh operations can be
adjacent or combined. Figure 3 illustrates a layout for a plant employing about
20 people, such as may be commonly encountered. The layout after rearranging
the equipment for better material flow and handling might be as shown in
figure 4.

Wheu preparing layout proposals, the plant and machines should be drawn
to the same scale. If no three-dimensional models of the machines are available,
two-dimensional cutouts should be used.

Aisle locations and department Tocations should he  considered simul-
tancously. Every group of cquipment should be readily accessible in a jobbing
shop, because parts will not always flow through all departments. Some depart-
ments have to be in fixed locations because they are not casily moved (solid
foundations, duct work ctc.). Try to plan for the possible expansion of cach
departmient by at least 25 per cent. There is a tendency to plan for 40—60 per
cent expansion, but this is not to be recommended unless good, detailed forccasts
can be made and plamning skills of a high order are available.

Main aisles should permit two-way traffic, but access aisles should have
one-way flow. Handling cquipment should be specified to wove workpicees
between machines or between departments; if necessary, special items should be
devised.

Scrap should be removed from machines and collected on a plant-wide basis.
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Ligure 3. Small plant layout as conmmonly cncountered

L]

Consideration should be given to where bottle-nechs may possibly develop,
tor example, when tool or machine failure occurs, and provision should be made
for an alicrnative routing or by-pass.

The cfficiency of the manufacturing cycle must be calculated carcfully in
the course of planning. Space utilization should be calculated in advance and




M EHECEIVE Ut OF MACHINE TOOIS AND REFAT DOANPECES OF MANAGEMENY
y.4
J—— A
| [ O
; \ WASH
I w \ '®) ROOM
|
t
|
|
|
|
[
[
|

YARD

NS e e o e e e —

N N | 5N

N X sl

LN .
T N
. R .
RN
. s, . ~

' R

A

‘
AN

SCRAP
CHUTE

N
NN

4 R

NN

 SUNNI
AN

m A
st |
CHUTE
/4 % o
7 if’f 7| f
;'i‘ / 1 Y s
- / < i
SCRAP | a7 BRIk
CHUTE A /
;§/( 4 I"/ g
744277 S,
nmru.// HR
b SNkl 7
A .. 0 07 e

==

—

Legend: C—Wheeled carts; R—Gravity roller conveyors with tote boxes; J—Hoor-
mounted jib crane with hand-operated hoist; HR —Overhead hoist rail with hand-operated
hoist; PAL—Palletized material on racks; TR —Trucking aisle for unmotorized platform
trucks and tors lift trucks,

Note: Number of references of machines as in figure 3.

Figure 4. Iniproved layout for plant showu in figure 3
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cheeked. Figures are needed tor the construction cost per square foot of plant,
Anle space potential tor materials movement should be looked into. The efficiency
of the materials handling operation is measured by comparing total manpower
to that engaged on materials handling, or operator’s total hours to time taken
up i handling chores. Finally the all-important machine ualization ratio which
the plan implies must be caleulated; in some job shops the ratio is below 40 per
cent in the absence of planning,.

MATERIALS TANDLING *

The simplest example ot materials handling 15 the transport of a single
item by one man within one workshop bay. On the other hand, it may be so
complex that it comprises 50 handling movements in the course of manufacturing
asingle part. It may account for as much as 80 per cent of the cost of pmductmn
ina larm machine slmp There should be three distinet arcas of materials move-
ment in the machine shop:

Receiving and storage at reception point;

In-process handling. including handling at the work station;

Despatcly, including boxing or crating and storage at despatch bay.

Materials handling is a necessary, wholly indirect cost. The objectives of
a good materials handling system may be classified as follows. starting with the
simplest objective and procecding towards the more sophisticated ones:

Extension of the productive capacity of the few skilled workmen, by remov-
myg the fatiguing burden of moving and iting things. Production is in-
creazed because effort is reduced and more of tlu available time is spent on
machining the workpicee;
Reduction of scrap and waste. Product damage is kept to a minimum by
correct handling, and scarce materials can be conserved. In the fmishing,
stages, particularly. mechanical handling ensures uniformity and repeatability,
and reduces scrap;
General improvement of working conditions, removing unduly lard burdens
from the whole work force and reducing healeh hazards;
Reduction of costs. Since the cost of material, labour and fixed overheads
may be taken as roughly equal, the reduction of the materials handling
cost offers a large cconomic advantage. In highly developed metalworking
plants, if materials haadling labour represents 10 per cent of total labour,
that is an unusually good ratio, whereas a ratio of 40 per cent is badly out
of line. In general, factory space is at a premium and modern materials
handling improves the utilization of available space. In addition, by con-
trolling and reducing inventories of work in process it can free additional
funds for more productive purposes.

Applying the above general principles to fit a particular shop, the nature
of the materials to be handled must first be defined. There are the material
inputs. In addition, there are at least three kinds of output that every metal-
working shop gencrates: the product itself, scrap and rcjects. At the recciving bay,
depending on the size of operation, the materials might be bar stock, ingots,
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castings cte., while at the despatch bay they might be crates, totes, shids cte.
contaming tmished products.

Sccondly, optimizing the plant Tayour should have determined the best
location (or relocation) for production and handling cquipment. Production
planning and scheduling should have established the best machine loading and
routing of materids. Without these analyses, the installation of conveying
cquipment could simply result in production bottlenecks. machine idle time and
lengthy rehandling tmes,

Thirdly. the following guidelines may prove useful:

It possible, gather parts into groups; if size permits, handle them in totes

or boxus.

Operatives should move one item at a time.

It should be cisy to remove items from the flow of materials, preferably

without hitting, by simple loading and unloading.

Exploit the space available for storage by using racks, shelves, self-stacking

totes et

Obscrve finst-in, first-out (FIFO) procedures unless specifically not desired.

Seck to reduce inventory, particularly of tinished parts (because of the money

tcd up in labour costs). Leave no unmarked lots in storage.

As matcrials handling and transport arc always a financial burden, try to

perform operations on material wiile it is in motion. (This is casy in con-

tinuous-process industrics, but more difficult in a metalworking shop.)

Possibifitics include pre-heating, cooling and finishing processes such as

washing, bonderizing, painting, porcclainizing and baking,

It 1s important to plan scrap handling. Steel containers will suttice in small

shops; drag lines or vibrating conveyors in larger shops; and crushers. slat

and harpoca conveyors inhigh-production shops.

At every inspection station provide facilities for storage and removal of

l‘(jc(‘ts.

Selection of equipment

The fourth stage, sclection of cquipment, can then begin. The range of
equipment, in increasing order of complexity, is as follows:
Equipment powered only by gravity or man’s mnscles

Roller conveyors, wheel conveyors

Ball transfers

Hund-powered monorail systems

Chutces, racks, shelves

Chain hoists on a varicty of hand-powered cranes (jib, gantry and bridge)

Hand trucks in large varicty
Simple mechanized and electrically powered cquipment withont interlocks or antomatic
controls

Powered roller conveyors

Mctal or wood Sl;lt vonveyors
Belt conveyors (metal belt, canvas belt cre.)
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Overhead trolley conveyors
Powered hotsts on a variety nt'h;md-pnw\ red cranes
Fork lift trucks

Oudier picchanized equipment drivea by clectricity andlor compressed air, euhodying some
controls and interlocl:s

All types of conveyor already mentioned

Vibrating conveyors

Powered transfers

Powered lifting cquipment

Powered hoists on powered cranes

Fork lift trucks

It is immediately apparent that the same essential task can be carried out by
different types of cquipment. Annex | describes a method of assigning weights
to their various attributes in order to help make a rational choice between the
available alternatives.

Some basic illustrations and mformation now follow which will facilitate
the selection of equipment. The physical capability of workers has to be brought
into consideration, as well as the characteristics of the equipment. We begin
with our hirst group ——cquipment powered by gravity or man’s muscles.

Roller comveyors

The width of a roller conveyor is determined by adding 2 in (5 ¢m) clearance
to the width of the largest object it is expected to move. This applics to straight
scctions: on turns the width should be sized as illustrated in figure 5.

2in C.EARANCE

DISTANCE BETWEEN FRAME
OR GUARD RAIL: 6

IR Rl o oy TR
G == l/ (radius -} package width)? | (Pfﬁgg—l—(%’th) — radius - 2in

Source: Reproduced from Conveyor Equipment Manufacturers Association, Standard
401 1962,

Fignee 5. Width of roller conveyors on turns




N Binecrive USE OF MACIHING TOOIS AND RETAFED VUL CIS GEF MANAGCEMIN G

Gravity-propelled roller conveyors will be mudh lower ar the dis harye
than at the starting end if they are long. The slope required to ensure selt=startin
depends on the wem o be conveyed (see table 2). Average values for roller
conveyor capacitics are shown in table 3.

Faree 20 MINIMUM SLOMES TOR ROTLL 2 CONVEYORS

Tt vt voller © e or I)o.xp‘,':'r) fir e I)r,\;-‘{.:'-‘r!nu'rh
Mealtow boxes oo oo 1, 125
Potwepans oo 25 17 42
Ewpty oildrams 00000000 ceen 5 4.2
Drums over 1300 (70kg) ..o 0 31, 340
Fall o1 drumis up to 2501b (115 kg) oo N 1, 1.3
Cartonsup o 1510b (Tkg) o000 5 4.2
Catons ot 150500 7w B kg) oo 4 33
Woodicasesup to 300h 3 kg) oo 1/, AR
Wood cases over 30 1h (25 ked oo 3, 3
Wirchound and steel sirapped cases ... O 3.0
Cratesap wo I2500 Gakgr oo 4 3.2

-

S Reapistan, Ine,

Monorails

Hand-pushed  containers suspended  from monorails are very  practical,
because they can use the traffic aisles and do not occupy any of the Hoor arcas.

Selection of the proper track for a monorail system is dependent on such
factors as (a) maximam weight likely to be concentrated berween suspension
points. (h) maximum distance between available suspension points. (¢) frequency
of trathic. and (d) speed at which containers are moved. These factors, together
with the sructural strength of the building, determine the types of fittings used
to-sispend the track system, Normally these fietings can be hung from the
swrieture of the building itself. However, if the structure is too weak ie will
hirst be necessary o install 3 special superstructure. As g general guide, hand-
prshed Toads can be assumed o travel ar 150 ft/45 m a minute and not o exceed
3 tons m weighe,

For installations with long spans and high capacity, beam or girder type
track is often used. This consists of a hardencd “inverted T track welded to
ard supported by a specially-designed strucearal beam with wide. mild steel
upper flances and web,

ek and suspension are illustrated in higares 6 and 7.

Cranes and chain hoists

Among hand-operated cranes, the underhung models are especially practical
and use many of the components of the monorail system. (Beam-type sections
are also used tor crane girders.) The simplest underhung cranc is the light, hand-
pushed bridge for foads up to 3 tons, Equippea with a hoist, it provides in-
expensive honting service over the entire arca between the erane ways. It also
can bensed. with interoeks, o transfer loads from one track to another.
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Sovree: Reproduced trom Monorail Source: Reproduced  from Monorand
Manutacturers Association, Material Flrd- Manutacturers Association, Maeriel Plandling
Loy weith Moanorail, with Moenorail.

Figure 6. 1Wheels on typical Figure 7. Method of nonorail
monorail tracs: suspension

The bridge cranc is the commonest design in hoisting machinery, consisting
mainly ot a girder riding on an clevated rail. A double leg gantry crane consists
ot a bridge supported by twolegs that ride on rails, laid in a foundation at ground
level A single leg gantry crane consists of a bridge supported at one side by a
leg riding on a rail at ground level and at the other side by a craneway along a
wall of the building.

A jib crane consists of a bridge supported cither from a vertical mast or
from a wall. The bridge of mast-supported jib cranes can rotate through
300 degrecs. Wall-supported jib cranes are often designed to swing out of the way
when not in use.

Hand trucks

Hand truchs in great varicty provide one of the most common means of
handling. They may be classificd according to load-carrying capacity and the
ctfore required to move the truck.

The foree that is necessary to push a truck is a function of its weight, the
weight of the load and the cocthicient of rolling friction between the wheels and
the loor, the last factor being related to the wheel diameter.

In determining the tons per man-hour that can be handled with manually
operated trucks, the walking speed of the operator should be taken as between
2 and 2% miph=-between 176 and 220 e or approximately 33 and 66 m a minute.
The lower tigure is recommended from the standpoint of limiting operator
fatigue. Horizontal resistance when pushing a truck on a level plane is 40 1b
(18 kg) or less. An appreciable increase over this figure lowers cthciency of the
worker to o muarked extent. Seldom is a value as high as 501b (23 kg) recom-
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mended, except for intermittent and infrequent movement, for exanple, up a
ramp or grade. The optimum resistance for an average male operative is set at
320 (145 k).

Table 4 shows the average rolling resistance of trucks with moulded-on
tires over various surfaces,

Tante 4. TRUCK ROLIING RESISTANCE ON LEVEL SURFACES

Sutface Coefficient of jriction R{;Z';:('}‘":;‘
CONCTOTC Lo e 0.010—0.020 20 to 40
Asphale oo 0.010—0.025 20 to 50
STONC PAVEMICNt 0.015-0.035 0w 70
Wood block. oo o oo 0.015—0.025 30 to 50
boosesand oo oo o 0.015—0.030 30 w60
Pacu, tire on smooth pavement ... ... ..., .. ... 0.020---0.030 40 10 o)

Sewinces Liberey Mutual Reesearch Center,

The cfficiency of cquipment operated by muscle power and of manual
material handling is limited by human anatomy and physiology. It is important
that working personnel should not be taxed beyond normal endurance. It is
therctore usetul to know the limits of human performance, to be able to deter-
mine where power-operated deviees must be utilized, regardless of manpower
avatlability and cost.

Figure 8 shows the recommended relationship between weight and distance
for hand-pushed truck operations. As may be seen, a truck of 1,000 1b (total

TOTAL WEIGHT OF TRUCK AND LOAD [(Ib)
-8 8RR §8gegesBEREYEE
S'MLUJSAFET' Ve /
6.000 | LIMIT OF SAFE OPERATION

1)
{BASED ON 32 ib HORIZONTAL RESISTANCE ) n\\\\\\\\\\\\\\\\\
\\\\\ '\\\\\\\;\\, WS

7.000

AVERAGE RANGE OF
FRICTION COEFFICIENT

o | &S , \\\\\\\\\\\\\\\\\\\\\ :
=t .

ol [[[[ 1) T o857 s v

Sonrce: Liberty Mutual Rescarch Center.

Figure 8. Relationship between honrly hand-pushed truck movenent, weight and coefjicient
of rolling friction
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weight—track plus load) can be pushed 7,000 ft per hour when the rolling
friction cocthcient is approximately 0.03. A rolling friction cocthcient of 0.04,
however, reduces this distanee to 5.700 ft; this is the unsafe zone on the graph,
indicating that the horizontal pushing resistance exceeds the recommended 32 1b
(limit of safe operation). The second horizontal Iine indicates the recommended
maximum distance that a trucker should cover in one hour.

Tables 5 and 6 show the aceeptable weight limits tor manmal lifting and
lowering, and figure 9 expresses maximum aceeptable carrving weizhis ot
hnuckle height and elbow height,

Tasre 5. MaxasMeat WerGiers (58) OF LINT AND LOWER ACCEPIABRIE FO VARIOUS PEROENTAGES
OF INDUSTRIAL MATL WORKIRS

ey Tae Shre AEE jt

Floor levelto knuckle height - Lift 37.3 45.1 538 625 70.3
Lower 30.2 444 1.9 754 87.6

Knuckle height 1o shoulder  Lift RER 43.0 527 623 70.9
height Lower 390 46.4 5340 628 0.2
Shoulder height 10 arm Lift 294 38.6 A48 39.1 083
reach Lower .7 36.1 443 525 9.9

Newrcer Snook, Trvine and Bass (of Liberty Mutoal) (1970) *Masimum weight and work loads acceptable
to rabe inddustrial workees™, Slmencan Indeni o Hygrene Ao Lovienad, Vol 31, Sept -Odet, dssue, table 1 and
TH, p.382,

Tasit 60 MANDHIUM WORK 1OADS (1T 1B MIN) TOR FHTING AND TOWERING TASKS ACCEHPEABIE
TO VARIOUS PERCENTAGES O INDUSTRIAL MALL WORKERS

G0, T3 v, Jse, o,

Floorlevel to knuckle heishe  Litt X0 262 RRR W1 434
Lower 3 419 539 658 760

Knuckle height to shoulder  Litt 333 397 468 541 004
height Lower 431 342 iy 791 903
Shoulder height to arm Lift 204 283 370 438 537
rcach Lower 255 3537 471 584 08

Notrce: A for able 3,

We ot to the renmaining,  non-mamually powered materials handling
cquipment,

DPower-driven roller canve yors

The same rule for determination of width applies to power-driven as to
gravity roller conveyors, except that additional distance must be provided for
A power transmission chain. Bele=driven powered roller conveyors are not
practical in o machine shop environment where oil, cutting Huid cte. can reduce
the effectiveness of friction-operated devices. The capacity data in table 2 apply
cqually to powered rollers. Figure 10 shows minimum distance between roller
centres. which in tarn limies the size of the smallest aricle Tandled.

i .05
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(«) Kuuckle height (h)  Elbow heigln
100 1 100 1
% - \ % -
70 1 . 5% 70 1

N \\_ 5%

RS
~—— 0 - Q\

\‘: 104
F 37N

MAXIMUM ACCEPTABLE WEIGHT (ib)
MAXIMUM ACCEPTABLE WEIGHT (ib)

50 1 °. Bk 80 - [} ‘\
T~ . %0 \o * 0%,
40 1 40 - .\.\o ”,
. | \. %0*s
20 2
10 10 {
T T A T 12 T T t [} r T T r s T T
© 4 e 2w 20 2 20 2 ¢ 8 17 % 2 u 8 2
DISTANCE (1) DISTANCE (1)

Source: Reproduced from Snook, Irvine and Lass (of Liberty Mutual) (1970) *Maximum
weight and work loads acceptable to male industrial workers™, American Industrial Hygione
Association_Journal, Vol. 31, Sept. —Oct. issue, fig. 4, p. 585.

Figure 9. Maxinn weight of carry acceptable to various percentages of industeial wale

workers
REMOVABLE CONVEYOR
&3 COVER . SONVEYOR wiDTH Al
SPROCKETS  poLLER

MAXIMUM DISTANCE
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Figure 10. Sowe design characteristics of powere ! roller couveyors
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Slat comveyors and belt convepors

Slat conveyors are generally used where belts could not function becanse
of the high temperature and the presence of chips and lubricants,

Woven wire belts ov steel belts may be used for certain special applications.
The small range and the high cost of steel and woven wire belts for conveyors
limit then use.

Overhead trolley conepors

Powered monorail installations and other overhead trolley conveyors are
most cfficient and cconomical materials handling devices, strongly o be re-
commended where the shop technology and layout are suitable. They occupy
overhead space which would otherwise remain unused and offer low maintenance
costs. high reliability and low power consumption. Such trolleys without power
chains are often used as substitutes for monorail installations.

The wolley wheel is 4 farge ball-bearing with a high load capacity. The
track on which it runs is an I-beam with lower load capacity and therefore ity
size sets the trollcy load hn s, The load ratings generally recommended are as
follows:

Size of I-heam Maxinwm allowabl: wolley load
Inches Centimetres (approx.) ~ Pounds Kilograms {approx.)
25/8 6.7 75 35
3 7.6 250 115
4 10.2 400 180
6 15.2 1,000 435

Powered hoists and powered cranes

Service classitications are in general use, to assist purchasars mospeaifying
the most suitable cranc for any given application. The Crane Manufacturers
Association ot Amvrica lists six classes, A to F, jor stand-by, light, modcrae,
heavy duty. severe duty cycle and steel mill (overhead travel) service, respectively.
We are concerned here with cranes for moderate and heavy duties. The former
classification applics in machine shops, assembly Hoors, foundrics and fabricating
shops  where service requirements are medium. The lateer applies in heavy
machine shops, certain foundries, fabricating plants, stamping plants and stecl
warchouscs.

Table 7 shows typical operating specds of commercially available equipment.

Tasle 7. QOPERATING SPEEDS OF POWERED CRANES IN IEET PER MINUILL

Capacity Hoist Trolley Bridge
in tons Stow  Medium Fast Slow Medium Fas Stow Medivwni  Fast
3 20 35 70 125 150 200 200 300 400
5 X0 35 70 125 150 200 200 300 400
My 20 35 70 125 150 200 200 30 400
10 X 0 &) 125 150 200 200 RN 400
15 15 30 80 125 150 200 200 k(1] 400
20 135 25 40 125 150 200 200 300 400

Seire: Crane Manufacturers Association of America, Specification No. 70,
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The building should be constructed to accommodate aspoaitre tvpe of crane
mstallation; it is not always cconomically feasible to modify s stractare sab-
sequently. Besides the static loads, there will be dynamic loads Hnpart d o the
structure. The minimum clearance between the Inkglmt point ot the crane and
the lowest pomt of the roof, allowing for sag. should be 6 m. Clearanc
between the ends of the crane and the nearest obstruction must not be Low than
2 m,

Where knee braces are titted at the junction of root trusses with the colanins
which support the cranc rails of bridge crane installations, the knee brace and
bottom chord of truss must be so located that the trolley bearing the crane can
travel to the extreme end of the bridge rail. This requircment allows the crane
hook to be brought close to the crane rail supporting column:.

Fork Iift trucks

Because of their great Hexibility, fork hift trucks are widely used as hitting,
transporting and positioning devices. The simplest of them have their controls
on the handles, the operator walking alor gside. They are operated by electricity
or gas and modcls are generally available up to 4,000 to 6,000 Ib capacity.

Fork lift trucks on which the operator rides range in capacicy from 2.000
to 60,000 1b, come in a great varicty of shapes and may be powered by gasoline,
gas or clectricity. Vchicle speeds range up to 15 mph, but sate operating speed
indoors is not more than 5 mph. Gasoline-powered trucks are suitable for indoor
opcration only if ventilation is adquate. Electrically powcered trucks are divided
into three groups: those for dusty and hazardous locations; those with explosion-
proof motors; and general-purpose trucks.

In order to make effective use of fork hte crucks. the workshop aisles must
be wide cnough to permit right-angle stacking. Figure 11 shows how to cal-
culate the minimum aisle width. Two cascs arc distinguished, deponding on the
rclationship of the width of loads to truck width and inside turming radius.

Materials handling at the work staticn

Work handling at the machine is often incflicicat in general muchine-shop

practice. Improvements and mechanization at the work station arc a source of

savings, of incrcasing importance as labour costs risc.

It is difficult to put a figurc on the over-all efficiency of machining operations,
but in many cases the time actually spent processing metal does not exceed
25 per cent of the floor-to-floor time at a given machine. (There are obvious
cxceptions—long and heavy cuts, operations on turrcet lathes.)

The cffectivencss of the skilled craftsman should be extended by removing
as many lifting, moving and positioning operations from his manual routine
as practicable. This will increasc output and safety, while reducing fatigue and
spoilage. A moncey va'ue can be put on all these benefits, which wall generally
execed the recurring costs and depreciation of the additional cquipment necded.

Matcrials handling at the work station is effected by devices for parts feeding,
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parts removal. work holding and positionng. There are also antomatic seni-
aitomate transfer machines for assembly, Ispection cte,

Parts teeding deviees include the following: vibratory feeders; feedar aud
orient tor combinations; feeder, orientator and  counter combinations: shoet
htters ond stackers.

Parts feeding throngh conseentive operations (for example. on preses) and
parts removal otten require special devices; but such standard picces of cquip-
ment as onentators, magnetic beles, stackers and palletizers can sometimes be
craployed.

Work holding and positioning is cflected in a mmber of ways, depending
on the shape of the workpicee. There are standard reciprocating devices o

advance and position one picee at a tme on demand. There is o great variety of

commeraaally available positioners, trning rolls. up=cnders and similar cquip-
ment to position aind hold the workpicee in a desived position during fabrication,
There are manipulators which hold any workpicce in any position, serving as
a third hand while the operation is performed upon it. When handling heavy
dies, die holding and elevating devices shonld be used.

By cusuring that feeder stations are all at the same height, one can gready
reduce the manual effort, sinee raising and lowering cach picee between operations
arc thereby climinaed.

Awtomatic and semi-automatic transfer cquipment can be devised with
various degrees of sophistication. A rotary turn-table with assembly stations s
asimple case. The production line can be mechanized to the pomt where cach
worker has his own “free Hoat™ time to turn. raise, lift, lower the workpicee
by mechanical means, independently of the line speed bue contorming to an
hourly or daily scliedule. The employment of transtcr machinery that climinates
manual operations altogether is only a matter of cconomic Justitication, sin-¢
the present state of the are enables equipment to be devised and manufacturcd
to cope with any workshop neec.

Table 8 shows how many minutes must be saved per day by an operator in
order that the savings in labour cost alone may justity installing automation cquip-
ment.

The calenlations are based on salary lovels in the United States mid assume
2,000 hours work per year; annnal charges for the cquipment are taken to be
10 per cent of its initial cost. Though over-simplified, this presentation has the
merit of cnabling a quick estimate to be made of the orders of magnitude in-
volved. It is a simple matter to make alternative caleulations, using assumptions
which refleet more closely the conditions in any given developing country.

Scrap handling practicc

Ouc of the most dithicult housckeeping tasks in the machine shop and one
ot the Ieast efficient in practice is the handling and disposal of scrap. The task
is twotold: first, the removal of scrap from the machines and the shop; secondly,
its processing, storing and disposal,

Removal of serap from small shops is generally done by raking the chips
trom around and under machine tools and packing them into bins. barrels or
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TABLE B RETATIONSTHP OF DAIFY TIME SAVINGS TO COSE OF MATERIATS HANDLING FOQUIPMENT
AT FITF WORK STAFION

Weekly salary: S38V/, S48 558 $08 877 887 s96. K106
Anpyal salory: $2000 82500 3000 $3500  S4000 $4500 S50 S550H)

Equipment cost Necessary mimtes per day saving to jusify expeise
$100 ! 2 2 1 i 1 1 1
$200 3 4 3 3 - 2 2 2
$300 7 0 5 + 4 3 3 3
$400 10 S 0 O 3 + 4 4
$500 12 10 L] 7 6 3 5 4
$600 14 12 10 8 7 6 6 5
$700 17 13 11 10 8 8 7 6
S8O0 19 15 13 11 10 9 8 7
$900 22 17 14 12 11 K] 9 8
$1000 24 19 16 14 12 B 10 4
$1100 20 21 18 13 13 12 11 10
$1200 29 23 19 16 14 13 12 1
$1300 R} 25 21 18 16 14 13 1
$1400 M 27 22 19 17 13 14 12
$1500 3o 29 24 21 18 16 14 13
$1600 38 3 26 22 19 17 15 14
$1700 41 A3 27 23 20 18 16 15
$1800 43 34 29 25 22 19 17 o
$1900 46 30 30 26 23 20 18 17
$2000 48 38 32 27 24 21 19 13

Seurce: Extension of a chart prepared by O, 13, Lovell, Controller, First National Hauk, Madison, Wisc,, amd
puolished in the Audirgram (1958) of the National Assn. of Bank Auditors and Controllers, p, 32,

tote boxes, which are then collected into powered or hand-pushed vehicles and
transported to a collecting arca. Such a system requires good plant layout to
facilitate the raking and removal activitics. Larger shops can be so arranged
that chip removal is mechanized. This is in any case advisable when new facilities
are planned.

The following types of in-plant scrap-handling conveyors arc available:

Apron conveyors:

Belt conveyors;

Flight, drag or chain conveyers;

Harpoon convceyors;

Chutes and sclf-dumping hoppers;

Pncumatic conveyors.

Despite the simplicity of a pncumatic vacuum systein, it is with extreme
caution that such apparatus should be used instcad of mechanical scrap collecting
cquipment.

When collecting scrap in the shop, the first rule is to segregate it into at
lcast the following groups:

Machine shop turnings of clean stecl, free of cast iron or non-ferrous metals,

scale or excessive oil. No very rusty material should be included in this group;

Mixed borings and turnings. Stecl and cast iron should be free of scale,
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excesive ol and non-ferrous metals. 1 his group should not contain badly

rusted ,\'t(\f}\;

Clean cast-ivon scrap;

Non-ferrous metals, stainless steel.

Once serap has been collected from the machine tools to 4 central arca,
usually in the yard, it must be processed and stored. For a small machine shop.
the processing may consist simply of removing the cutting fuid by drainage. For
a Larger plane, the processing may consist of crushing removal of cutting Huid
and drying.

Overhead storage of serap is most advantageous. Care should be taken not
to store more than 60--70 tons in any onc compartment. lest compacting occurs.
The slope and gate sizes provided should be such as will prevent bridging,.

PrObBucTioON PLANNING

In production planning for a future plant, the various busmess paramcters
and the level of technology which are forecast will be the deciding factors. This
case 15 not discussed here.

Production planning for an existing shop is determined to a considerable
extent by the production facilitics already installed. This is the most frequently
enceuntered industrial situation in developing countrics. The objectives of
production planning m this case are:

To utilize protitably and effectvely the resources of nien, ntachinery and

nuaterial ;

To provide management with umely feedback information, so that it can

mamiain an orderly and continuous low of production through the plant;

To minimize the time required from receipt of order to despatch of the

tmished product;

To take account of changes m the business climate, technology, material

FSOUNCes, IANPOWCT TesoUrces Cte.

Whether one man or a management team assumes the production planning
functions. documentation of actual output 1s the essential starting data which,
when compared with feedback information from the shop, provides the sclf-
correcting mechanism for soundly based supplementary decisions.

In analysing protitability, the main factors for consideration arc: the capacity
of the shop; whether a given job can be done without working overtime or
deferring jobs for other important customers; and whether it is necessary and
possible to employ subcontractors.

In jobbing shops making small lots, orders should be pooled for beteer
processing and released in the most economical batches, in order to keep machines
tully and contnuously loaded as far as possible. Subcontractors should be in-
cludedin the total production capacity of the system. Delivery promses should
be based on knowledge of the queucing situation at the various machines. Crash
programmes should be avoided because they are costly,

Hand-written reports of activiey at cach work station can provide a constant
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How of informadon to management on the workload and progros of work
thronghout the shop. Management should alwavs be alert for signs of possible
Lue delivery. order to tahe corrective action while there s still a chotce of
less costly methods than Lst-minute overtime working.

Tt is also a mistake to release Tots for production too carly or to plan that
A operation should finish long betore the next one starts, for material hicld in
nventory tics up capital and ncreases the possibihty of damage, corrosion.
pilfering and loss.

Cost reduction and 1 more competitive position i the market should be
the constant goals of production planning. Small shops with little capital nuy best
adopt the following approach:

Promote general savings by rearranging cquipment, reducing the materials

handling cftort and shortening the manufacturing cycle,

Invest the savings in simple hand-powered materials handling - deviees

(conveyors and the like). cither made in the shop-—this point s stressed

for a wmetalworking shop -or purchased. Appreciable cost reductions

should result. If not, the planming should be re-checked;

The protit generated by cost reductions should be accumulated  towards

purchase of more sophisticated materials handling and process equipment

or ultimately, perhaps, new production facilitics, when further improvement
of the existing facilitics is impractical.

Propu 10N SCHEDULING

Proper scheduling of production ensures a controlled tlow of muaterial
through the shop. It can be instituted equally in a2 onc-man shop or a large,
multi-factory enterprise, for the logical process remains the same. All stages of
production should be documented since, by definition, the scheduling process s
the simulation on paper of the manufacturing activity.

Some of the steps described here may be abridged or combined with other
steps in a small shop.

Scheduling begins with the receipt of the order from a customer, or the
release of pooled orders by a planning group. and ends with the despatch of
the goods. Typical scheduling operations in medium-sized shop with an cn-
gincering department are as follows:

1. Receipt of customer (or pooled) order.

2. (a) Process the order to the engincering department for analysis.

(h) Passtherequestfor allmajorcomponents, materials or sub-assemblics
to the purchasing department.

3. (a) Engincering design and detailing is completed and returned to the

manufacturing department.
(b) Final materials requisitions are drawn up.

4. (a) Matcrials requisitions arc passed to purchasing department.

(h) Matcerials control checks inventories, materials are ordered to
maintain inventory levels,
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Issue product or part details to production control tor scheduling.
6. Producvon control applies time standards, determines the machine
loading and the tooling required.

~1

The order is mserted into the factory production programme, at .
time which postdates the arrival of material and any special tooling. T
the case of a lengthy job, the start will be deferred until suthicient
material has been accumulated to permit continuous operation.
8. Progress through all successive stages of production prior to tinl
assembly is scheduled along the same lines as 7.
9. (a) Manufactured components move to assembly arca.
(b)  Purchased items are scheduled to be made available for assembly.
10, Assemble, test, mspect.
1. (a) Transport to despatch department. pack.
(b) Notity accounting department.
(r) Notify customer.
12, Despatch

IJETERMINATION OF MATERIAL AND LABOUR COST

A nujority of the factories in most developing countrics cmploy less than
50 people. These factorics have usually been built up from small shops by the
exceptional working capacity and technical knowledge of the owner or manager,
who is at the same time designer, craftsman, businessman, salesman and often
also the accountant. This latter function may not be too burdensome as long
as the business cmploys less than 12 people, but beyond this number the vecording
of hnancial transactions should be handled by a trained accomtant.

Accounting is a staft service needed to show the company’s financial con-
dition, including the sums receivable and payable at a given tme and a detailed
analysis of expenses. The manager needs complete and detailed records to dratt
a budget or plan the co-ordination of sales, advertising, purchasing, labour
costs, production volume, engineering and rescarch activitics, and replacement
of muchinery and cquipment. When supervisors and foremen begin to under-
staind the implications of a detailed budget for their own work, they will act to
better purpose.

The various shop departments usually prepare their own budgets, to show
general production expenses, purchase of materials, machinery and cquipment,
maintenance costs, production wages and salarics. Budgets improve in accuracy
with good planning and can help to stabilize production costs during slack times.

Wages paid in a factory are usually classified into those tor direct and those
for indirect labour. Machine opcrators are always direct labour, while ol
room, maintenance, and janitorial services are usually considered indirect labour
costs. All expenditures which cannot be charged directly to a product, including
indirect labour, are geverally included in factory overheads (the burden). The
same type of distinction is made in regard to materials. Those directly used in
the mamufacture of the parts, including special tooling, are considerced direet
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matertal, winle other materials such as tubrnicants, general-purpose tecds vices
and clamps, are dassitied as indirect ond mcduded inoverhead costs.

M. chime tools. i common with other items of capital cquipment, must
houre . the producton costs in regard o ther imsurance, detenioration. ob-
soleccence and mamtenancee costs. I this way, funds are accomated to replace
a worn-out machine after @ speciticd time or for imvesting e new process and
1S cquipment.

The production budget is based on a plamied volume of output, which s
based 1 tarn on sales estimates. Correctly prepared to cover @ year i advance.
the budget prevents costly fluctuations in manpower. The estimation of the
corz of purchases will be facilitated it proper inventory records are kept and used
by munagement. Morcover, purchase contracts can then be placed in good time,
so that matcvnals, machinery and equipment are delivered to match production
needs.

Whan production tacihities are to be expanded or replaced. many other cost
factors will have to be ascertained, which are applicable to a fonger time period
than annual openting costs and therefore will appear in the budgets for several
tmancial years.

The inclusion of a good preventive mamtenanee plan in the budget provides
for the repair and servicing of machinery and buildings at regular ntervais,
prolonging their use and maintaining asset values.

The accounting service establishes the basis for determimng not only manu-
facturing costs but also administration and sales expaises. The latter two categories
of expendicure should abso be recorded accurately, since an appropriate share of
them must be chareed to cacl component part or product that zoes out of the
shop door,

PRODUCTION FITICIENCY MEASURLS

Labour productivity

Production ctheiency depends on the skilful vulization of human resources
as well as machinery. These two facets of productivity are to some extent inter-
dependant and 1t is one of the esential functions of management to pay careful
attention to the meeraction between them. We begin by discussing some aspects
of productivity which spectically relate to Libour utilization.

Standard times have often to be estimated by the supervisor of @ job shop
betore the tirst batch of workpicces s finished or even started. It is therefore
more ditheult to set costs and time rates in a job shop than in one engaged on
series production. The latter usually has production records and niay employ
time study men to cstablish periodically the performance of machine operators
and assemblers.

The most common approach to a new machining job is to give it to a
skilled operator who has had previous experience with similar workpicees. Often
a neriod of trial and crror has to be allowed, under the close supervision of the
toremman, before setting the job routine. The foreman and the operator should
be encouraged to devise special tools, fixtures and materials handling procudures
to mcrease output. When a new job is to be started by less experienced workers,
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an-improvement in skl can be achieved over a penod ot tine provided the
operators are carchilly selected. This requires from the operaror an abaluy s
improve co-ordination beeween eves and head, on the one hand. and Jands o
feet, on the other,
To obtain the maximum improvement in operator skill on o particular ol
certan conditions have to be met, including the following :
Drmensions and toleranees should not be altered sigmticanthy durng
production run;
Materials supply and handling should be efficiently planned for contmuous
operation, thus climinating any waiting time for operators or assemblers;
Tool sharpening and reconditioning should take place at regular nrervals,
speciticd i advance;
Muachines should be checked and servieed according to schedule;
Serap and chips should be removed regularly and never be allowad to
accumulate around machine tools, because they interfere with operating
ctheiency:
The composition and physical propertics of workpiece matertals should not
change, save in exceptional circumstances. Such changes mav necessitate

changes i speeds and feeds as well as in to ling or even m the type of

machine tools used. It remains, however, the manager’s duty always to

look for materials with .mproved machining propertics or greater durability

in service.

To achieve a high level of performance and efticiency m any kind of re-
petinve shop operauor., operator trainmg will always be required, parucularly
for new and unskilled wuoikers. The traming period depends on the soundness
of the instruction methods used. Depending on the job, the learning time may
vary between a modest number of days and a period of years. With the more
dithcult jobs requiring higher worker skills, training programmes must include
in their scope educational matter for mental development, and measures to
increase manual aptitude.

The following factors determine the length of training required for jobs in
a machine shop:

A certain degree of accuracy will nvariably be required. Most toolroom

operations need a learning period of 3 to 4 years, owing to the high preasion

which must be achieved.

The level of education needed for any particular job must be instilled if it

is not present. Even operators of simple lathes and drill presses, not only

tool grinders, should be made familiar with the reading of scales, micro-

meters and dial gauges. Training a man just to copy a part with the help of

calipers is usually not sufhicient.

Instruction should not only be verbal but also in printed form and all operators
should be proficient in reading blue prints.

Handling machine tools, loading and unloading workpicces requires manual
dexterity 2t levels ranging from simple hond and arm movements to those
requirng co-ordination and rhythm between the instrument-reading ey
and the hand to uiwcr the position of a tool.
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Some automate machime ol aall tor a lower degree of mannal skill than
other machime tools, but often the need is for a higher menul dexeerity as
well as acnte hearing, a hean semse of smell and sharp cyesight. A particular
somd cmanating from the tools may indicate abnornnal wear or breakage;
the smell of burning oil may signal au overloaded bearing; and the vibra-
tion of a tool or workpicee canr cause a serions breakdown it not noticed

I ume.

Physical stinnnais one of the major qualities demanded of workmen in most

developmy countries. It should b the first factor to be considered where

litting . positioning of hcavy workpicees iy involved. Suitalle materials
handling procedures and equipment will no only shorten the learning
period but will also improve the over-all pertormance of men aud machings.

New emplovees, even when skilled, will rarely achicve their maximum
output on the tirst day. However, their pertormance will improve steadily unnil
it reaches the required levell provided that the shop organization is ctlicient. If
the shop is disorganized by frequent supervisory and operator changes, the
opposite result mav occur. Profitable operation of & machine shop s above all
maagement function and by no means simple.

When any civen job s repeated frequently, higlier etticiency in the operation
should result. but this happens only in well run shops. The phenomenon has
been documented in numerous publications and the results have been genceralized
m the learning curve theorem: whenever the production quantty 1s doubled.
the averaze production tne per umt i reduced o ravo which is constant for
the @ivan operation or set of operations. This ratio, expressed as a pereentage.
iy known as the learning curve and typical valucs have been established over the
years by industrial engieers. 1t has been found that the highest learmy benetit
occurs nsembly works where the learning curve may be 75 1o 80 per cent,
Fhese ngures mdicate, for example, that it 10 Large structaral units have been
assemnbled in 10 days (average one day per mmt). 20 mnts should require 15 or
(- days (average 0.75 or 080 days per unit). Tor weldmg. the learning curves
have been determmimed as 80 to 90 per cent and tor machiming as Y0 to Y3 pet cent.

Ligure 12 shows a 95 per cent learning curve jor the turning of pumyp shatts
and 80 per cent curve for the assembly of pumps. It can be scen that these curves
Hatten as the number of units produced increases. This means that beyond
cortain point there will be a negligible ceduction in production tune per unit.

Several learning curves are plotted in figure 13, employing double logaritli-
mic scales. This transforms the curves into straight lmes, which makes them
somewhat casier to use. Their common ;lpplicatiuu is m estimating the costs of
repeat orders atter an initial erial run. If the expected improvement in performance

not obtained. the causes should be aseertained and the HeCessary  corrective
measures be taken. (Sometimes, it is the initial times which were not typical.)
The setting of arbitrary job times based on vague guesses will usually do more
harm than good and destroys the confidence of workers in management.
A ceneral algebraic treatment of the learning curve theorem is given in
Annces 2,
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Nore: The tnie scale could represent minutes for machining and hours for assembly
of pumps,

Figure 12 Duprovement in productivity with increase in the munher of units produced

Productivity of machinery

A cost analysis of manufacturing operations cnables management to decide
the number of workpiccees that constitute the most cconomic lot size under given
shop conditions. As lot size increases the unit cost decrcases at tirst, partly (as
we have seen) because Libour costs may decrease and partly because set-up time
can be spread over a greater number of workpicees. When, however, the produc-
tion of large batches leads to higher inventories, financial charges and other
inventory costs increase. As the lot size further increases, the point is reached
where storage space or working capital becomes a limiting factor. Possible
changes of market demand, due to scasonal or other causes. introduce a further
risk in maintaining higher inventories.

As a gencral rule, machine tool operations are fully analysed by manage-
ments. As far as the total machining times or fRoor-to-Hoor times are concerned
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it 1s assumed that the cutting times have already been measured by ume studies
for the particular workpicces, tool materials and ool geometry. These studies
lead to detite values for cutting speed, depth of cut and feed rate which should!
change lietle during the course of production. The cutting tinie can therefore
be shortened only by changing to tools made of & material that allows higher
cuttimg speeds, greater depth of cut or faster feed. but sl gives the desired
surface tinish and acruracy. Such o change abso requires miore horsepower and
may tiercfore mean nang 4 more powertul wachine tool as well If greater
etficiency leads to repeat orders, the handling and set-up times should decrease
by 10t 20 per centin accordance with a learning curve. provided the ndividual
lotsize 1s sutficiently large. The learning rate may not be s high as this, however,
it a Jong time clapses between the repeat orders or a new aperater s put on the
machine.

Worker participation

Traming and participation of workers i improvieg production dhiciency
cannot be cftected simply by giving orders. As i all enterprises the best results
are obtaincd by management creating favourable attitudes at all levels in the
work force. When mutual trust and confidence permeate the organization,
there is a good chance of the workers learning, including learning from their
mistakes without being penalized. The shop supervisor's attitude should make
clear his support of the work force and he should be interested in teaching and
showing individual workers better ways of doing their jobs. When the members
of an organization truly identify themselves with it and its objectives, they are
motivated to climinate waste of time and materials and to improve processes
and products. The atmosphere of the shop must be such that cach individual
teels that he has the possibility of demonstrating his personal and professional
worth by the work he does day afeer day. This feeling, together with stability

|
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ot ciuployment and wmeonme, will make it rewarding to the worker to increase
his cutpot and, it ihe linos of conmiunication between management and the work
force transtneall the informaton he needs i this CONICXION, production ctheiency
will be incrcased. Tabour tirnover and absentecism will fall o Tow levels, srap
and waste will decrease, costs will be reduced and a sense of Hoyalty will develop.
L pays ovenosmall shop to organize spevial training for cmployees to improve
thorr skills, Many progressive compantes give every member of the work foree
4 clunce to be involved in decisions about the orgamzation ot his particular
job. They have tound that dis leads to greater production cthiciency than the old
way of policing operations and punishing workers for their nristakes.

Group techuology

Group technology is another powerful tool for improving production
ctheiency. This techmique consists of the systematic analysis of cvery variety of
workpicce machined by a hirm. in order to establish which of them are sutticiently
similar in shape and processing requircments to nake it possible to schedule
them together in asingle, larger batel without difficultics. The first step, therefore,
15 to classify the workpicees according to the principal machining processes to be
uscd. The second step s to group operations together, where feasible --for
example, tuming. drilling, cylindrical grinding, boring and related milling
operations. O this basis, several different component parts can be grouped
together for seheduling as one lot. to be processed with the same basic machine
set-up.

Althouglr this is not a new idea, group technology ensurcs that complete
and full advantage is tal.en of it. by extensive and carcful analysis of components,
supplemented by planned and uniform design sinmplitication. Parts of different
conhignration but requiring similar machining operations are also grouped for
tinishing in 4 common machine sct=up. This is a sclective process which can
yicld large savings. Designers and production engineers co-operate from the
start of the plinning process, grouping component parts and deleting or routing
difterently operations that conflice with this pattern. Jigs and fixtures can be
designed to take into consideration variations in size and dimensions of com-
ponent parts, thus cnabling them to be grouped in the same job order. The
result of all ¢his is that group technology permits quicker scheduling of orders
and the quotation of shorter delivery times,

INSPECTION METHODS

The inspection instruments and procedures in production workshops serve
to check the precision of the parts produced by measuring one or several dimen-
stons. which must fall within detinite colerances. The greater the agreement
between the actual values and those specificd, the higher the accuracy of the
mspected part. It must not be overlooked that the measured values can differ
from the actual values duc to errors of measurement. To minimize these Crrors,
mspection: methods and instruments have to be constantly mamntained and
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subjected to entical exammation during use. with the approval ind active co-
operation of the engimeering department.

towould be very expensive to machine component parts to a standard of
accuracy beyvond what is functionally necessary. Assembly s possible only ot
parts do not vary beyoud stated Timits and tolerances. Linuts are usialhy set tor
the various types o fit {clearance. transition and interterence fis).

The tvpe of part do be produced will Targely determme the syaem ot
mispection required. Where the operator is highly skilled and Tus a dear undar-
standing of the service requirements, no further mspection may be required. A
the other extreme, even 100 per cent inspection after every operation man
not necessarily guarantee that the speaitied quality has bean obtained. Production
mmost metalworking shops 1s in batches of 200 workpieces or lews, bon
which statistical sampling technigques cannot be readily used. (nsenies produaction
on a large scale, statistical sampling methods can ensure steady product quahiy,
For example. machine serews can be checked by mispecting, the tirst picce and
statistical sampling at intervals thereafter.) A part subject to several operations
may go to a central nspection arca prior to assembly or storage. Tnspection
assures management that the parts produced comply wath the speatications and
later provides the customer with evidenee that the product he has acquired s s
warranted.

Most shops have three sets of gauges on hand. The operator uses one set
at his work station. another sct is used tor inspection and a third set is kepr
store. ofien ma room with controlled temperature. tor reference as niaster gauges,

The four principal means of measurement with graduations are the seale.
the vernier, the micrometer and the mdicator gauge. There are general-purpose
and special-purpose versions of these instruments. Microscopes and instruments
cmploying light ot a specific wave length are used tor high-precision measure-
ments. Optical measuring instruments and  comparators, and pncumatic and
clectronic gauges of various designs, cnable comparisons to be made with selected
standards ot accuracy. For checking or setting various types of shop gauges, a
set of master gauge blocks is the most useful reterence to use i machine shops.

Special instruments are used to measure surtace roughnes. Most models
have a diamond stylus which tollows the surtace irregulanties, the instrument
giving an average numerical value for the height of peaks and depth ot valleys
encountered by the stylus in traversing a certain distance over the workpicee
surface. It roughness, waviness and form have to be maintained within specitied
limits, the machine operator should have a model or sample which shows all
critical values for visual coviparisons.

3 Tolerances and fits are discussed in chaprer 4.




CHAPTER 4. COMMEFRCIAL AND ENGINEERING ASPLCTS
OF MANAGEMENT

THE SPECIAL PROBLEMS IN DEVELOPING COUNTRIES

At the heart ot the problem of inereasing protitability i the metaworking
mdustry in developing countries we find five key facts,

L. In comparison with the United States and Europe. production micthods
in developing countries in this industry generally have more labour content and
are less efficient,

2. The limited size of the domestic market and lack of Strong orgamzing
power often make it dithcult to achicve production cconomics through regional
agglomerations of mdustry,

Indwstry in developing countries consists mainly of small plants, many of
which are geographically separated. There arc very few large enterprises which
could help to organize the productive capabilitics of smaller plants and serve
as the principal market for their output. Some Governments cncourage industry
to locate in undeveloped arcas of the country as a matter of policy, which militates
against the development of regional complexes of related industries.

3. There is widespread evidence of dithculty in financing new production
cquipment and tooling to launch new product designs.

Most mcthods of depreciation (for example, 10-ycar straight line depre-
clation) do not encourage regular modernization of plant and cquipment, In
addition, high interest rates discourage replacement of fixed assets and new
product ventures.

4. There are tew people in most developing countrics capable of original
product design. The widespread practice of manufacturing new products by
copying, with or without licensing and a know-how agreement from a forcign
trm. has allowed no opportunities for product design talent to develop. The
domestic market often provides little incentive to improve present products or
to develop new products, while entry into forcign markets scems virtually
impossible. so that no attempt is made to design products for cxport.

5. In genceral, there appears to be little understanding among industrialists
m developing countries of the role of marketing in a competitive cconomy.
Serving a procected domestic market, they have not usually had to give much
attention to marketing functions which are of great unportance clsewhere, Thus,
there has been little need for market research to ideatify requircments and cestimate
demand tor new products, little pressure to determine the most suitable methods
of marketing products and to develop distribution channels. little incentive to
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train salesmen and to conduct test marketing betore Lianching tabl- e pro:ucton
of new products.

Pricing policy. o Kkey marketing varable. s wually been rasncted: by
governmental policias,

Fhere las been litdde need o discover a proper murketinr s for the
domestic market: choice of distribution channels. promotion soliomes. product
design, and pricing policies,

Any long-term solution to the basic problem of expandineg the inetal-
working industry in developing countries must give proper considerait - to all
the dimensions of the problem outlined above. In order to compete cfectively
i home and forcign markets. the industry must (1) modernize its cyuipment
and methods of production; (2) develop new products and muarkot them offec-
tively; (3) organize supporting industry; and (4) acquire adequate timancial
resources tor these tosks.

THE ROLE OF PRODUCT DEVELOPMENT IN COMMERCIAL SIRATEGY

The critically important part played by new products and technological
innovation in generating industrial growth in developing as well as developed
countrics is generally accepted. The creation of new factories and the condinued
existence and expansion of established firms are closely dependent on product
development and a rising Ievel of technology. Before anything can be achieved,
however, the need for innovation and the particular problems that arise in
connexion with innovation must be recognized by the managements of individual
firms, which alone can decide what type of product is to be made. It may be
an item that has hitherto been imported or some specialized requirements of an
industry alrcady ostablished in the country. Other possibilitics arc: a small
product for which there is a relatively large demand if attractively  packaged
and sold through general distributors; and rclatively large, complicated machines
which will involve the firm in recruiting technical staff for its sales foree and
probably also for a scrvice organization.

W hatever type of pioduct is chosen, a number of steps have to be taken by
the management in order to develop it:

Organize the idea and determine the market analysis, exploratory market

testing and engincering work necessary to give it concrete form;

Carry out engineering development, including prototype design and testing;

Arrangc financing for new product lines, the income from which may in

duc course provide funds for further product development;

Work out the production planning, which may demand new machine

tools, special tooling, new jigs, fixtures and dies:

Complete the marketing arrangements in the light of the market testing

results, selecting the best method of distrilution and giving  distributoss

continuous support by advertising and promotion.

Top management should therefore have a plan for product development,
growth objectives and cost controls, which is regularly updated. We are in-
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uding o worm product de clopment now PrOGiIcE, e s e oc oy and ow
iy For sty products,

The bt seep orgamzng the idec mvolves coamianes the vagons posstble
wavs of davdopriy the product ringe.

Under the heading of new products, the stmplest oy oo ey do harle
more than change the price of the exisuny product (the simplost way of hanging
A product’s cconomie choractorstis). 1he change may be assooatd wid 1
e of more attractve colours or some oth r means of Aravwimg more attennon,
to the product. Tarther immovanon. sull based on the expstmg product, may
constst of dosien moditication: or extension of the product range by makmy
additional sizes. Fually. there 1s the adoption of a new product m o lne new
to the tirm, which mmght be called a strategy of diversittication,

Under the Ticading, of process development, the alternatives are:

Maditiction of an existing process to obtam lower production cosi;

/ dopuon of backwazd, or upstream mtegraton of producton: for cxample,

it the quality of focally produced castines has necessitated HIporting, scting

up onc’s own tourdry to produce castings of acceptable quality

Adoption of forward, or downstream mtegration: for example, by vty

ap sales and ervice oftices where oxisting detnbution srrangements are

unsatisfactory.

Under the headmg of new uses (or new markets) it is necessary to constder
new geographical nurket arcas, sales to 1 new industry. export to 1 ighbouring
COUmIICes Cte.

This Kind of review of the possibilitics can be carried out suce whully by a
company of any size, but implementation is never casy, particularly for 4 smuall
firm.

Marketing includes advertising and other promoticnal activities wiich
stimulate sales and acquaint potential customers with the current or new products
of a company. Market rescarch, which must often be coupled with technological
forccastng, may lead to the modification of existing producis as well as the
design of new ones.

To mvestigate the need tor product change m a particular company, the
hirst necessity s to establish company objectives regarding the present and foture
magnitude of sales and profits. The present sroducts” strengths and weaknesses
should be compared with tho ¢ of competitors’ products. The next sep is to
analyse sales according to industry, location, volume, cnd-use, chumels of
distribution and expansion potential, as well as to tabulate production costs,
the percentage of value added and the profit nargin for cach product. Armed
with this information, the product strategy can be determined which will mect
the compettive situation in regard to any given product and contribute towards
attaining the company's growth objectives. Furthermone, speartic characteristics
can be detinad which new products must satisfy m order to tall withm the com-
pany’s range of mamufacture and match the market needs. This will narrow the
search tor new or improved products, which speciahized staft must then undertake,
and for which scarch and evaluation procedure need to be establisied.

It may be asked how smaller firms in developing countries can afford such
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market rescarch activities. A number of measures can be adopted to implement
the above recommendations.

1. Use secondary sources, such as technicdl publicanons, o dentity and
monitor basic covironmental awd technical forees causmy changes mothe
market vou supply.

Allocate some resonrces on a regular hasis to evaluate technical and

marketing trends that may mtluence your programme of technical

development.

3. Use a technically qualificd panel of part-time consultants to augment
the company’s technical and managerial resources.

4. Make a thorough evaluation of the technical methods used or proposed
tor use on existing and new products.

5. Set up a wide variety of channels of mformation about technological
threats to existing products and growth possibilitics.

6. Pin-point technical requirements within the firm. and scek out humnan
resources and machinery to satisfy needs not met by yonr own staft and
cquipment.

To sumnurize, we give a list of don'ts and do’s, valid for both large and

small firms,

o

DON'T
1. Don't expect to find a ready-made solution for your new products needs.
2. Don't think you are too small to keep abreast of technical development in
your ficld.
. Don't think you canmot get a government contract.

4. Don't look at roscarch and development as a gamble; comsider it an oppor-

tunity to learn about new technical developments,

Don’t overlook university facilities; their technical and saientibic staft should

be willing to hedp vou individually.

Don't expect mitacles.

7. Don’t wait until vou have only six months to tind a new product or clse
dosc .\]mp.

1}

=

DO

1. Do—attempt to look three to tive years ahead regarding

(a) Demand for your present products;

(b) Technological developments likely to affect your present products;

(¢) Arcas of potential demand consistent with your basic intercsts and
capabilitics;

(d) The sustained planning activity required for product development to
mect growth objectives.

Do--get one extremely well qualificd technical man on your staff, ar least

as a consultant, but as part of your permanent staff'if possible.

3. Do-—get to know the personnel in your technical field at all universities or
institutes near you and discover from them the sort of research being done.

| ]
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4. Do search out products which the Government purcliases, manutacture of
which is consistent with your basic interests and objectives for the tuture. To
this end, cauist the help ot a consultant and, it necessary. of university rescarch
departments. In addition, read current commereial and technical hieerature.
including well lustrated toreige technical journals.

Do—-start planning while good business conditions provide the tme to
develop new products.

n

EXPORT MARKETS

In the short run, it is unrealistic to expeet that more than a tew, relanvely
large firms in developing countries could dircetly compete ctectively in world
markets, even if they modernized their production methods. It is observable
that most metalworking enterprises in developing countries. if they try to export
at all, look for markets for their existing products. which are very unlikely to
meet requirements in industrially advanced countries without moditication or
redesign. In any case, continuing export sales depend on repeated analyses of
forcign markets, leading to the design and development of products to meet
their specitic requirements. Small firms simply cannot aftord to do themselves
the requisite product development and marketing. The key question then s,
“"How can small firms gain access to such facilitics in order to penctrate inter-
national markets?”

In the immediate future, the alternatives available to most small firms
appear to be very limited. The most promising is to find other firms wich the
ability to undertake product development and marketing in relation o inter-
national markets. but deticient in manufacturing capacity and theretore willing
to make usc of the small firms as subcontractors.

Bearing in nund the production methods used in developimg countries,
there are two situations in which certain enterprises might reasonably hope for
success when secking production orders from United States or western Europein
tirms:

Where the product requires labour-intensive methods of manufacture and

assembly; and

Where small production lots are required.

For example, a small firm in a developing country might manufacture or
assemble one or two items in a foreign firm’s product line for which there is a
limited demand, the marketing to be effected by the foreign tirm. Such an
arrangement might provide both stable and profitable business for the small tirm,

There is probably no single way for small firms to find such business op-
portunitics. Firms wishing to find such business in foreign markets oughe to
make greater efforts than are presently apparent. It would seem appropriate tor
the Governmentis of developing countries to encourage the needed inerease in
such market=search activitics. For example, they might provide tuancial -
centives for industrialists to travel abroad for this purposc.

Sccondly, since several small tiems might be capable of exceuting production
orders from forcign enterprises, it would be opportunc for the Government
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of a developing country to provide an mmproved marketing intcHizonce service,
especially in Europe and the United Statcs, i ordar o put firms i touch widh
appropriate forcign enterprises and vice verse, The nucleas for sach aoservice
may already exist in the Minstry of Forcign Aftairs and embassies and consulates
in the mdustrially advanced countriess or i a mark et rescarch othice of the Minnn \
of Commerce and Industry s or in export and marketing instituses, wheae «flors
might usetully bewugmented by foragn market rescarch and consaltine cnmneer-
ing fimns.

Apart trom such activities, increased  offert by the Government niln
properly be channelled in two main directions:

An active and continuous scarch. through personal contacts widhin thie

principal countries concerned, with the objeet of identitying products

which could be manufacrured under subcontract by interested sation:l

firms. instead of attempting to find markets tor existing products of nacionl

tirms in those countrics

An amalysis of the nadonal image projected in mgjor potential export

markets and the development of appropriate instirutional advertising pro-

grammes to help individval manufacturers obtain business in ncighbouring

COUntrics.

To summanize, the additional measurces proposcd consist of :

Greater emphasis on active, personal secking of opportumitics—not just

order taking;

Substantial increase i the cffort made by the toreign service and in the

technical sophistication with which it is deployed

Increased wse of domestic er forcign engincermy and market rescarch con-

sultants to locate product opportunitics; and

.
y

Increased personal contact between industrial managers and potential forcign

buyers.

These measures must be viewed only as an interim programme to deal
with the short-term problem. 1f they are successtul, local firms obtain valuable
experience manufacturing, for forcign markets and also some tunds for mo-
dernization of their plant and cquipment.

The desirable long-range national objective is usually to develop a full
capability among metalworking firms to design, develop and manufacture new
products for export and to market them. In this way, the firms and the nation
would reap the benefit of value added in all stages of the value-creation process:
design, manufacture, and marketing. Of particular importance for small firms
is the potential development of their domestic sales to related and supporting
industries which becomes possible if they have acquired original design capability.

It is, however, pertinent to ask how a devcloping country, with its many
small firms, limited home markets, litde over-all organization of industry, and
scarcity of product design and marketing facilitics, can develop export-oriented
tirms with the characteristics outlined. One strategy would be to concentrate

the mational cffort. as regards research and related manufacturing facilities, in

a few major branches of metalworking and to foster regional agglomerations
ot supporting industry for these branches, concurrentdy modernizing them and
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improving their productiviey, By sueh o concentrated eftort o country nueit
beconte, within o decade. o major force moworld markets moone (o perhugps
several) amajor branches of metalworking, niuch as the Swiss have done m
preciston instruments and machine toals, In other words, the strategy e b
concervably bring about the necessary witcrnal organzation ot industry . wuhy
the assoctated cconomice benetiss from agglomeration, and might engendar the
necessary oxternal cconomics of seale to sapport the required export marketing
functions.

A muajor national techno-cconomic market rescarch effort would be required
m order to identify the most promising products of the metalworking industry
to which the strategy could be applied. Such items are characterized by the
high value added by design and manufacture, and low transportation costs as a
proportien of the gross value of production. Export markets are subject to the
Auctuations of the trade cycle. but are of tairly stable structure. The underlying
trend in volume is one of rapid growth.

IIMENSIONAL ACCURACY AND TOLERANCES

The variety of products that are manufuctured in small workshops of 1l
metalworking industry is so great that it is impossibic io discuss product enginecs-
ing comprchensively in this paper. We contine our arention in this section to
a few general principles which arce always applicable when designing, products.
These concern dimensional accuracy and tolerancos and their rclationship to
performance, interchangeability and production cost,

What is accuracy? Onc detition is—the exact quantification of a dinension
in terins of tac units of the measuring instruments employed. When the measure-
ment of a dimension is repeated on a series of like prodacts and the values obtained
are nearly 1dentical then we have precision. Sinee it is impossible to obtam
absolute accuracy, industrial dimensions are given tolerances. which are the
permissible variations from the stated design dimension. When variations in
dimension arc allowed in only one direction. owing to the design requirements,
they are called anilateral tolerances. Commonly, however, toleranees are blateral,
permutting equal variations in a plus and minus dircetion from the preseribed
valuc of a dimension.

It 1s now customary in metal processing to specity size tolerances and stand-
ards for them have been established i all industrialized countries. When mating
parts must operate trouble free and are mtended to be replaced only after a
definite service time or when worn out, it is particularly important to have
standards which specify their tolerances.

In engincering and other manufacturing operations, tolerances can be
specified in regard to geometry, position, surface condition, hardness, composition
and microstructure, in addition to size.

Development of standardization

Control of accuracy of machined workpicees has been a problem in 4l
countries from the beginning of industrial metalworking. Gradually, as factories
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became farger. they began muroducing thar own standards tor dinncisons i
tits in order to tictlitate interchageabihey of parts produccd i varions locanons,
Subcontract work. which becomes necessary duringe boom pertods and i tme
of war. reinforced the need tor nattioml stndards ot tolerances and tiee In due
course, an internationa ] unthcition ot the vanous wntonal swstems was sought.
chiefly by those nations of continental Furope which nsed the metin satem ot
measurerient and had interdependent cconomies. Umitication. nnplumnud.
makes doubts and wisardertindimg mposible vecardmye the wan two preees
are mated. no matter how turapare the s ‘hnpx where they are made and regardlos
of the language spoken. Negotations led i 1935 to the creation bv the nter-
national Federation o1 National Standardizing Assoctations (ISA) of the "ISA
System of Tolerances ' which was fater approved s their natonal standards by
many nations. including China, Japan and the USSR,

The United Kingdom and United States, although members of 1SA, did
not at tiest adopt the ISA svseem. primartly because 1t used the metre rather
than the inchas the basic unit ot length, Durmg the Second World Woar it becam
apparent, however  that international stndardization of toleranees and fits was
urzently needed. despite the co-existenee of metric and inch systems.

War-time expertence was reflected i American Standard “Limies and 1 s
tor Engincering and Mannfacturing (Part 1), ASA B4.1 194774 In the preface
to that document 1t was stated that the ABC mectings - jomt mectings beween
America. Botam and Camda—had resaleed i agreement on five basie prin-
ciples. Smce the tust tour of these princples, with ccrram minor and obvious
variations, were embaodied i the: American Standard 1t may be usetul 1o repea
them heres bt there must be a common lingnage tdetimtons) throngh which
amalyses may be recorded and conrveyed. Sm»ndl\ 1 table ot pr terred bavie
sizes should be ud down, which | nlps to reduce the number of ditforent dia-
meters commonly used i a given size range. Thirdly, preterred tolerances and
dlowances are o logical complemient to preterred azes and should cicourage
the designer o select standard tolerances. Fourthly, untformiey of method m
apphving the olerances s evsential.

The lack of standard speainications for s and the restrictod He sibility ot
the systems of tolerances recommended m the past are undoubtedly the mam
reasons why the establishment of nanonal stindards i this field met with onh
limited success. even m mdustrially develo ped countries, as fate as 1950, Visies
to hundreds of engineerng shops 1n deve ]upm«' countries make it apparent that
no single system has any widespread vse i these countries. b most cases tolerances
and allownnees are mdicated on drawings in arbitrary tigures. in thousandths
of & mullimeter or tenths of o thousandth of wn inch. On the other hand, most
people famiiar with the question accept the desirability of standardization m
this tield and metrie dimensions are generally preterred.

boThe tatest reviston of this sundard, prepared by the American Sociery of Mednieal
Ligmeers, wasissued by the USA Standards Imtmuc under the reference USAS 34,1 1967,
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Fhe INO spstem of fonts and fir-

Fhe nesotmon of meernational standards has heen contimud by the -
cosor bady to ISAL the International Organization for Standardizanon (ISO). I
rccommendations are cimbodicd m the 15O system of s and B windh
apphies partcularly to fits between cyhndrical parts, bricty destmated s haled”
and shatts™ bat can just s well be ased between non= vimdical marins parts.
cooways and Rey-ways,

Phe reterence temperature e the 150 systenm v 20°C or 681 —rthe san
as i the standards of the United States and many othor mdostrialized countrn s

Hhe quality grades of the 150 system detine the aceuracy to which a dunen-
ston s held, e the toleranee which iy allawed for the partcular dimcension
in manutacture. The 15O system provides for 1% grades desgated 11 0l 11 o,
T Era 1T 16, of which I'T 01 denates the highest quality with the smbdiest toler -
amees® The qualities TT 01 ta 1T 4 are appheable almost exclusively o gauges
and are mot further discussed here. Starting with the Guabity 1T 5, the basic
tolerances of cach quality are rounded multiples of the unir of tolerance 1. which
st detined as o traction of the nominal size D of the workpicee,

Fits?

The general requirements which must be considered when a fit has to be
selected wrellustrated in higure 14,

Although, according to the 1SO system, a free association of the different
shatts and holes i permitted and no strice adhierence to any speaial syseem i
demanded, a hole-basis system and a shaft-basis system of tits were taken into
accomnt when it was comstructed. Both systems are used concurrenthy and na
special preterence should be given 1o cither one of thenn It has ta be Jecided
i cich application which of the two systems alows casier manufacturing con-
ditions,

As shown i figure 15, fundamerally e same SCE=UP Canl serve at one tine
for a hole-basis and at another time for a shafe-basis tolerance. merely depending
on details of construction. Drawings (1) and (b) show the wheel in ontside
position. In the hole=basis system (1), the Shaft must have . step i diumeter in
order ta be inserted mthe bushing. In the shafi-basis system (b)), 1t is possible
to use a straight shaft, because removal from the wheel is feasible without Jdamage.

Drawmgs (c) and () show the wheel i inside pasition. In the liole-basis
system (¢), the shaft can be straight; i the < Naft-basis system (d) it needs a step
to pass through the wheel without damage.

* See Intermational Standards Organization (1962) ISO- Recomueondation R 286+ 180
Systent of Limits and Fits, Part [ General Tolerances and Deviations, Geneva.,

® Grades 111 to TT 16 were substantially taken over from the 1SA systein, but two
fir grades were added.

Pherext i this section s closely based on Tom H. Vogel (1930} " Avcuracy i machin-
g s stindardization and cost™, The Tool Engineer, November and December isstiee. Since
this article pre-dates the 1SO system, its references are to the carlier 1SA systenn. Fhere as
no tundamental ditference of principle between the two systems and the arguinents pui
torward in the article remain valid. In practice, however, reference should be made to the
dervied recommmendations of the 18O swstem or the relevant nateonl standard,




h3 ERFECTIVE USE OF MACHINI TOOIS AND RELAFED ASPECTS O MANAGEMENT

OF SMArt i OF HOLE
I
L
T Qé&&i

Source: Tom H. Vogel (1950) “Accuracy in machining™, The Teol Engineer, Nov,
issue, p. 17.

Figuree 14. Lole and shaft with their tolerances

The relation resulting from the difference between the sizes of two parts
before assembly is called a fit. The positions of the tolerance zones of the hole
and the shaft relative to the zero line (representing basic size) determine which
of three types of fit will occur:

A clearance fit (running fit), in which the assembly of parts always has a

certain amount of clearance and the two parts are free relative to one another;

A transition fir, which is intermediate between a clearance and an inter-

ference fit, i.c., such that the assembly has cither clearance or interferences

An interference fit, in which the parts, before assembly, always overlap in

size to some extent and, after assembly, remain more or less fixed together.
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(a)
1 2
(2
AN
N
RUNNING TIGHT RUNNING  TIGHT
T FiY Fit FiT
{c) (d)
2.
TIGHT RUNNING TIGHT RUNNING
FiT FiT FiT FiY

Sonrce: Tom M. Vogel (1930 “Accuracy in machining”, The Tool Engineer, Nov.
1ssue, p. 18,

Note: Shaft runniag in e bushing (1) is a press fit in the wheel (2). Drawings (a) and
() illustrate the hole-basis system, (b) and (d) the shaft-basis system.

Figure 15, Cowparison of 1 hole=basis and o shaft=basis system
) i ‘ . )

Figure 16 shows the designation of fits in the ISA system for the more
commonly used hole-basis system. The letters a to / apply to tolerance zones
below the reference line of zero deviation (Le. negative deviations), with o
corresponding to the largest distance; the letters & to = apply to tolerance zones
above the reference line (ie. positive deviations), with = corresponding to the
largest distance.d This gives a scries of steps, from the maximum position below
to the maximum position above the reference line. Independenty of the grade
of quality, these letters always indicate the smallest possible distance of the
tolerance zone from the reference line and thus prescribe the minimum clearance
or minimum interference between mating parts. This applics to shafes as well as
to holes with few exceptions.

The designer of a product may be free to prescribe any degree of accuracy,
any grade of quality contained in the tolerance system, that he considers neces-
sary. Anxious that his design will really work, he may choosc too good a quality
and so increase manufacturing costs considerably, in most cases without realizing it.

Thorough investigations have shown that, within limits, once the equip-
ment of the shop and the training of the personnel has been suitably adjusted, a
desired accuracy can be achieved with relatively little extra cffort. Nevertheless,
the production of a certain quality will be least costly in a shop which has been
cquipped specitically for that quality, not better or worse cquipped, and has a

¥ The 150 system mcludes new hole deviations as follows: cd (between ¢ and o), ¢f and
Je (ntermediate to e, fand g) up to 10 mm only, tor fine mechanisims and horolo 1y
s providing a complete range of symmetrical de viations for all diameter steps and all grades:
wd, shyoce, tor Ingh miterterence tits,
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work force which is accustomed to that degree of accuracy, not more or less
accuracy. hiabsolute terms, high precision work is definitely more expensive.
because it requires more expensive machinery and more highly trained men, It
preces of low accuracy have to be made i a shop which i cquipped tor high
precision work, they will be comparatively expensive. The rates of pay arc
higher on expensive machinary and the operators are nat used o producing
lower quality work. There is 1 close relationship between accuracy, production
cost. nuchmery available and the skill of workers, If we ask tor a greater accuracy
than nccesary, we not only make the picee i question more expensive, but
may .ibo mercase the production costs tor preces with a lower specihed accuracy.
which have to be made on the same machines by the same workers. A good
designer, therefore, never specities a higher accuracy than is absolutcly necessary.
In tenns of tolerances, he should select a quality of it such that the next greater
tolerance would make the workpieee unsatisfactory.

Many factories have found that it is often casier, in human terns, to reduce
than to mercase tolerances. When management decides to make a product
less expensive by increasing the tolermees, the engineers and production people
tend to object. becavse the change may mean “lower accomplishment”, a reduc-
tion i skill content of their work.,

Accuracy versus cost investigations are usually regarded as company secrets,
but some resalts have been published. One series of tests in . precision machine
shop consisted of grinding ten workpicees to cach of six ISA grades of quality.
By limiting the number oft ta ten, the influence of rountine on the results obtained
was hkely to be reduced. Al other conditions were Kept as similar as possible;
identcal material was used, and the same operator employed. The design of
test prece and the resules are shown in tigare 17, A sequence of OPLrations w.as
established in which test picces were ground to the qualities 116, 10, 8, 5, 12
a7t Insuch grinding operations the human factor can be responsible
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for large Auctuations in the time required. A regular and especially reliable
aperator was therefore chosen to do the work.

Figure 18 shows similar information, but expressed in terms of relative
cost instead of time. for machining, shearing and stamping to various tolerances,
As regards the machining range, it refers to average size workpiceos, With
modern squaring shear and accessories, even large sheets can be sheared to size
within plus or minus 0.005 in with little increase in cost. Carbide dics and presses
i good condition will produce stampings with tolcrances of plus or ninus
0.001 .

These are matters with which factorics 1 the developing countries should
concern themselves sooner rather than latr. If they want to become a part of
the mdustrial world, their factory and national standards shonld be computible
m their man features with the 18O recommendations, whose value is frecly
recogmized by the induserial itions.

There is & gencral tendency towards adopting the metric system i the
Lrated Kingdom and the United States, despite the host of ditficult issues raised
by « change-over. Fhe United Kingdom has alrcady tahen the decision in prin-
dple o Lo metric” and begun to implement it. The United States Cougress
passed Jegaslation setting up a study group to

“ocamvosagate and appraise the advantages and disadvantages to the United

Mates monternational trade and commerce. .. of an meernationally stan-

dardized system of weights and measures”
and received a detailed report in August 1971, A bill has since been introduced
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Figure 18, Relaionship of cost 1o acenracy in machining, shearing and stampisig

in the United States Senate which, if enacted, will result i a programine to
change the United States to the metric system or Systeme International (S1) over
a pcriod ot 10 years,

The Canadian Governmene. for it part. has published @ White Paper.
indicating its intention to convert,

There are a number of products defined in the inch system that have tound
wide acceptance in countrics with metric measurements. The most important
example is the Unified System for serew threads. The ABC mectings to which
reference has been made led in 1948 to a Declaration of Accord in setting up
thiy systema. whicl s the nost sophisticated and completely engineered set of
screw thread standards cver developed. 1t has been adopted by the 1SO as an
alternative to the 1ISO muctric series of threads. There 1s extensive production
of screws to these inch standards. not only in the ABC countrics but throughout
the world. Their use predominates in one very popular foreign car imported
mto the USA from a country using the metric system. Unitied System tastening
devices are used in the Concorde, the Anglo-French supersonic air trausport,
because of their engincering superiority. This could well be another instance
where inch-based sizes will continue to be used in the United States cven if
that country increasingly adopts the metric sysiem.

There are many other standards in the machine tool ficld. with metric or
inch dimensions, that are long-cstablished and have found international acceptance,
for example, standards relating to spindle noses and taper shanks. To disregard
these and use an-original but ditferent design is a sure and expensive way to
limit the market aceeptance of onc's product. It should be pointed out that the
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adoption of larger wlerances than the mtern tion .l procuce may well rosgle
a great deal of selective assembly and freeing work. adding signiticantly to produc-
tion costs; morcover parts with larger tolerances may hove ashorter rviee life,

Enough has been said to illustrate the complexity of the problems that have
to besolved mmiplementng the universal adoption of an internationally recom-

metded standard, i Cises where several standards have been widely used in
the past.







; Anien 1
A RATIONAL METHOD O} SELECTION AMONG VARIOUS
TYPES OF MATERIALS HANDLING EQUIPMENT

Materials handling cquipment incdludes many dissimilar products that func-
ton difterciely yor pertorm cssentially the samie task. The tollowing method
may be used to make o rationad choice among the available products.

Make a tbulation containing two columns for cach picce of cquipm 1t to
be compared, preceded by two columms i which must be entered:

(1) All the ateributes (performance. sifety, fisst cost etc.) to be considered

in selecting the picee of cquipment: and

(2)  The weights, ranging from 1 to 10, winch you assign to caon attribute

to indicate its importance; performuance. relability, safety and first cost
are usually the most heavily weighted auributes.

i tiie st column for cach picee of cquipment s indicated s rankiay
with regard o a parucalar attribute. Ranh | applis to the least suitable piece
for that attmibute, rank 2 to the second Teast suitable. i so on.

The seeond colummn for cach picce of equipment iy completad by muleply-
ing the rank shown in the first column by the weight assigned. then summing
these products.

The picee of equipment which shows the highest second-column total iy the
rational choice for the application.

An example may help to illustrate the procedure.

A new pump factory is ereeted. The building is of light steel with columms
at 4 40-ft spucing. truss spacing at 20 ft, and paiicl points carrying 1,500 Ib cach.
Soil conditions are poor, the foor slab has a capacity of 500 1b ner sanare foor
tite process is essentrally metal working in batches of various size and maximum
Hoxibility is required. The loads range in size up to 600 Ib. The incidence of
loads is approximatcly 30 per hour. No expansion is planned for o number
ot years, but if expansion comes it will be orderly and the building will be
lengthened by crecting additional bays. The muanpower n the arca is mosily
unskilled, mameenance skills are rare, and spare parts are not locally available
for machinery and similar equipment. The product line might couccivably be
changed in the course of years. Equipment should be adaptable in handling
machined parts. There are good aisles in the building, wide and straight, and
arca generally is not crowded.

A rational choice is desired amony the following possibilitics: bridge crane,
hand-pushed overhead conveyor, forklife truck or floor mounted transfer ma-
chinery. Table A-1 shows the calculations, from which it appears that the con-
veyor is the most suitable installation in this instance, followced by the cranc.
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Anuex 2

NOTE ON THE COMPUTATION OF LEARNING CURVIES

Let ¢ () be the average man-hours per unit when o nnits are produced. Lot
L be the leaming curve.
If weassume r (n)  knd, where b and d are constants for any given operation
of production or asembly, we tind that:
t{2u)

L t(n) 2 ")

() -k )

When the learning curve is presented on double logarithmic graph paper.
the equation is

logr(n) loghk dlogu
log (1) - dlog (3)

Equation (3) 1s u straigh linc; if log n is plotted along the horizontal avis.
its slope is —d and the intercept on the vertical axis is log r (1)

If the average man-hours per nint are established for two (or preferably
more) values of n, a straight line may be drawn and the value of d caleuhtell
from it. Since dlog 2 - log L from cquation (1), it is a simple matter to arrive
at the learnig curve.

Alternatively. if we knew the learning curve L and the nman-hours required
to produce the first unit. 1 (1), we caleulate d log Lflog 2 and draw the <raight
line of cquation (3), from which we can read off the average man-hours per unit
for any production quantity.
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