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PREFACE

This work containsa generalaccountof the art of mechanical
engineering,which hasfor its objectthe harnessingof all natural
powersfor the serviceof man. Sovast a subject cannotbe described
exhaustivelyin any single work of reasonablesize. Selectionmust

thereforebe very carefullymade. The principle of selectionhas
beenthat of keepingthe practicalrequirements
of engineers
asmuch
as possible to the fore, leaving aside current speculation as to
possiblenew sourcesof energy,new prime-movers,and so on.
Theoretical matters arediscussedin their proper places,and an
effort is made to present these subjectsas concisely and clearly as
possibleto readerswho are likely to be interestedin them.

Volume I dealswith the organizationof a modernworks,beginningwith the DRAWING
OFFICE
andgoingthroughthe PATTERN
SHOP,FOUNDRY,
MACHINESHOP,to the FITTINGand ERECTING
of
the finished

machine.

Volume II begins with a section on the TRANSPORT
OFPLANT,
a branch of the subject which deserves,but seldom receives,ade-

quate treatmentin bookson MechanicalEngineering. This is
followed by a section on PIPE-WORK,
a subject of vital importance

to operatingengineers,as anyonewho has had to operatea plant
with a faulty pipe systemmust know. Then follow three sections
on theoretical subjects: APPLIEDMECHANICS,ELASTICITYOF
MATERIALS,
and PROPERTIES
OFMATERIALS.
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V

VolumeIII dealswith FANS,
PUMPS,
HYDRAUijp,
WATER

TURBINES,
and REFRIGERATING
PLANT.

InVolume
IVwillbefound
sections
onMECHANISM,
MACHINE

DRAWING,
HEAT,
andSTEAM
BOILERS.

Volume V is devoted mainly to STEAMENGINEERING
PLANT,

vi

PREFACE

and includes

COAL- AND ASH-HANDLING PLANT, RECIPROCATING-

ENGINES,TURBINES,CONDENSING
PLANT, and an article on. the
OPERATIONOF LAND POWERPLANTS.

In this last article the needs

of power-stationengineershave beenkept more especiallyin view.
This

volume

also contains

a section

on ENGINEERING CHEMISTRY.

Volume VI is devoted to Internal-combustion Engines, and

deals with GAS-ENGINES,
OIL-ENGINES,MOTOR-CARS,
AERO-ENGINE
GAS-PRODUCERS,
the OPERATION
OFOIL-ENGINES,and the OPERATION
OF GAS-ENGINES.
THE

EDITORS.
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Drawing-office Organization
Introduction
The draughtsman and his work form an essential link in the chain of any
engineering organization. He not only indicates the finished article desired,
but largely the routine and progress of the work, and his drawing is, in
effect, a series of directions as to how the work is to t>6 done. When the
drawings or order sheets leave his hands, the method of distribution is so
arrangedthat they shall go to the various shops and yards in a certain definite
order and time, so that there shall be no hitch, neither forgetfulness nor
overlapping, and if possible some system of checks is introduced, so that,
where forgetfulness may on occasion take place, the omission can. be made
good with the minimum loss of time and cost.

There is a tendency on the part of some to regard drawing-office
work, and, in a lesserdegree,pattern-shopwork, as unproductive labour.
This argument, if true, would require to be logically extended until we
came to the fact that, as all machinery was only a means to an end,
the making of machines themselves was unproductive. But employers
would be very unwise if such crude materialism were allowed to interfere

with good and even elaboratestaff work, as it is in the initial stagesof
design that the largest ultimate economiescan be effected. The best
firms realize this, and neither stint staff nor equipment, and make large
allowances for experiment, research, design, and administration.

It is necessary,
therefore,to considervery carefullythe detailedorganization of the drawing office, and the routine to be observed from the time the
work enters as an estimate or a contract until its final dispatch, for the work
of the drawing office is not completed with the issue of the drawings to the

shops. An endeavourwill be made in the following pagesto portray a
form of up-to-dateorganizationwhich, if carried out and possiblyextended
to suit particular circumstances,
will enablea firm to competesuccessfully
againstless efficiently organizedrivals.
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I

The Estimating and Costing Offices
Costing

System.-Large

modern businesses keep the estimating

departmentdistinctfrom both the designand working drawingoffices,but,
of course,with absolutelyfree accessto the working drawings,sketches,
orders, and data-books of the drawing office, and with accessto the books
of the costing department. The costing department is sometimes run as
a branch of the estimating department. A good costing system is the founda-

tion stone of successfulestimating. To neglect this important sectionand it is shamefully neglected in all but comparatively few firms-is to run

very serious and quite unnecessaryrisks. " The working of this section
would demanda monographon itself to describeit: it is takenfor granted
here.

Scanty Material for First

Estimates*-In

estimating for new

contracts, one is usually given only a few general outlines in the first case;
indeed, there may be three or four tentative offers before the definite contract is fixed. This is very noticeable in large ship contracts, where the

shipownershave to study carefully a great number of problems before
coming to a definite decision, such as the quantity and kind of trade anti-

cipated, dock accommodation,fuelling facilities on the proposed route,
repairing facilities, tides, and consequently most economical speeds, &c.
Many tentative schemesmust be submitted, and it may take months before
a satisfactory conclusion is reached.
This sort of thing makes it essential that the estimator should enter
against each estimate the date on which it is made, so that, by the aid of
his " material " charts, he may be able to make the necessarycorrectionswhen

the final ordercomesalong. For instance,theremay be oneor two pounds
of an increaseper ton of steel between his first estimate and the time when
the contract is fixed. On a ship, say, in which there may be severalthousand
tons of steel this makes a considerable difference in price.
Tendency of Market Prices.-It
is usual, unless the firm's accountant

or buyer is convincedof an impending fall in the market,to fix the subcontracts as early as possible, both for reasons of cheapnessand to secure
priority of supply. It may happen that it is impossible to be sure of an
accurate estimate, particularly if the work be absolutely fresh, and if no
particulars be available for a similar classof contract. This is not an unusual

circumstance
in bridge-building,say, or in the designof a very large and
speedyliner. In this caseit is usual to leavethe estimatea little " lucky ",
but discriminationmust be used in this matter, and attention paid to the
" tendency" of the market,whether moving up or down.
Register of Weights of Previous

Jobs.-A

very important item, if

correctestimatesare to be forthcoming, is that the registerof weights of
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previous jobs, complete and in detail, should be faithfully kept and tabulated.

Part of this tabulationis usuallydonein the working drawing office,and part
of it either in the counting-house or, better still, the separate costing department.

A book of finished weights should be kept, showing the weight of each
part or unit which it is practicable to consider separately. For instance,
suppose it is a reciprocating engine installation and perhaps boilers, the
record of this installation may be set down thus:
Estimated I.H.P.,

Size of cylinders,
Number and size of boilers,
I.H.P.

Cubic feet of cylinders' capacity,
as a heading, which could be amplified considerably.
Then would follow headings of the principal parts, such asc
Main engines.
Fittings on main engines.
Auxiliaries in engine-roorn and in boiler-room.
Fittings apart from main engines.
Shafting, &c.
Boilers.

Fittings in boiler-room.
Water

in boilers.

Condensing plant.
Water in condensing plant.
Spare gear.
Outfit.

Refrigerating plant.
Electric plant.
Each of these should be divided into as many sections as is found desirable.

As an example again, take the heading " Main Engines"; this would be
split up into sub-headingssomethinglike the following:-.
Cylinders.
Soleplates.
Piston-rods.

Air-pumps, &c.

This "finished weight" book should be carefully indexed.
Style of Job .-Again, the cost of a job dependsa great deal upon the
characteristicsof the intending purchaserand his firm's practice.
This may be illustrated by consideringthree firms known to the present
writer-all

well-known shipowners.
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Taking 100asthe indexfigurefor a normal,plain,andstraightforward
job, it was found that:

Firm " A " demanded
a high finish, the useof brasswherethe normal
practicewas cast iron, and many refinementsand specialities. It was
found in this casethat almost 50 per cent had to be added to the estimated cost for the normal job.

Firm " B ", on the other hand, insistednot so much on specialitiesand

finish as on weight. Shaftshad to be 20 per cent over Boardof Trade
requirements;in approvingdrawings,thicknesses
weregenerallyincreased,
resulting usually in a net increaseof weight of almost 10 per cent.

Firm " C " got on the wholea very plainjob, but thejob he finally got
was seldomthe job he originally ordered. It was usualfor this firm to have
severalships building in different yards, and changesin the job were constantly being made, and were a sourceof vexationand annoyanceand extra
expense. Further, the changesinvolved extra cost, but it was very difficult
indeed to get these extra expensespaid. As the purchaserwas a good
customerit was not consideredpolitic to insist alwayson payment for these
extras, so that an extra 3 per cent was generally added to the estimated

priceto covertheseanticipated
vagaries.This maynot seemto havemuch
to do with scientific estimating,but it led to the erection of charts based
on pounds per indicated horse-powerwhich looked something like the
following:-

300.000

200,000

100,000

3,000

4pOO 0pOO 6,000 7.000 8,000 9,000 10.000 11,00012,000 0.000 MOOO
I-H-F.
Fig. i.-Chart

of Costs per LH.P.

This chart showsa method of checking the detailed estimates. It is
largely basedon estimatesreceivedfrom sub-contractors,i.e. prices based
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on overall weights, on indicated horse-power, on volumetric capacity, or on
some other recognized unit of measurement.
The estimator should keep an estimate book, and it is good practice to
keep a separatebook for eachjob, if it is of any size.
Each item should be shortly but clearly specified. The estimated
weight should be put against it, the cost of the raw material, the estimated
time of workmanship and the rate of pay, and a column should be written

up for the total cost,thus:
Piece.

Piston-

rod

Material.

Price
per Ton.

Finished
Weight.

Bloom
Weight.

Material
Price.

Hours.

Rate.

10

2S.

Workmanship.

Total.

Bloom D

steel,
B.S.S.

£12

I C.2Q.21lb. 2C. i q. 7lb.

£10 10

2,05. £11 10

An extra cost would be added, becausethe total cost of machining" is not

merelythe costof the actualingot plus the labour charge-there is an overheadcharge" to be added.
Specialities of other Makers.-In the caseof specialities,such as
auxiliaries and furnaces, the prices of different makers would be put down,
although only that of the successful tenderer would be carried forward to
the finished

column.

This

would

enable the work

to be referred

back

to

expeditiously, in case of a change later on. The customer, for instance,
might prefer to pay more to get some particular make of boiler feed-pump.
Final

Estimate

Book.-From

this

book

the finished

estimate

would

be madeup, and oncostchargesand profit would be added. The finished
book containing these two items is confidential, in many placesthe manager
reserving the care of this book to himself.
Should a contract be concluded on the basis of this estimate, the details

as theyareactuallyfinishedshouldbe enteredup in anabstractbook,in which
doublecolumnsshouldshowthe estimatedweights,costs,&c., alongsidethe
actualweightsand costs. Only thus can the work of the estimatingofficebe
properly supervised and checked.
Scales of Wages, Rates of Mechanical

Operations,

&c.-A

scale

of wagesfor different classesof work must be kept, also ratesof speedsat
which the work can be turned out; say, in machining, the table should give

the surfacewhich canbe rough turned in a given time, alsothe ratefor finishing cuts, &c., wherethis processobtains. In other classesof work a piecework rate per 100 rivets may hold, or the rate may be so much per foot for

smithwork on angle-iron,or, in the forge, a price per hundredweightfor
" light" and a price per hundredweightfor " heavy" forgings. This all
implies that the estimatorshall makehimself thoroughly familiar with his
own shoppractice. It may be necessaryfor him to get estimatesfrom the
foremen, or from rate-fixers, but so far as possible this information should

be tabulated inside the estimatingoffice,and as little relianceas possible
shouldbe placed on shop estimates,becauseshop conditionsare peculiarly
imfavourableto the accuratemaking of estimates.
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Material Charts.-Material charts on squaredpaper should be kept
in the estimatingoffice, and the day-to-dayfluctuations markedthereon.
Each chart should extend for a quarter- or half-year, but when taken down
it should be carefully filed, as, over and above the market fluctuations, it will
be found that there are general seasonalfluctuations which it may be advisable to take account

of in fresh work.

The material charts shown are completed for a full year. It will be
understood that this curve will be gradually traced either by noting daily
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clerk,

who

watches the markets

from day to day and observes the
current quotations. Notes of special
circumstances may be shown in
the margin. It will be known from
the data-books how much percen-

tageof thesemetalsentersinto total

leo/-

weights, the amount that must be
credited to workmanship per ton of
Fig. 2.-Cost Charts of Material
metal bought, &c., so that the intelligent use of the charts may bring an estimate out reasonably close to actual
results.

On Charges and Profits.-The
last two items in the estimator's
calculations do not call for any special remark, that is the addition of overhead or running charges and profit. These are generally fixed percentages
which are under the direct control of the management. These percentages
may be whittled down considerably to gain contracts in a strong competitive
market, or even done without, if it should seem advisable, in a period of

depressedtrade. It may be better to keep the machineryrunning, even
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at some loss, rather than dispense with an organized staff (^management
and operatives.
r<
'"',...-'
\st-""-- \ -i O^

Buying.-In largeengineering
and shipbuildingworK it: is/a"-fairiy^/r.
common
practiceto keepthe buyingof materialin the estimatingdepartment; but, wherethis is done,oftenthe generalinstructionsto buy particular
classesof goods are
is to look after the
the technical side to
and only sends up

issued by a financial manager, whose special province it
whole commercial side of the firm's activities, leaving
the technical manager. He keepshis eye on the market,
such a general instruction to the buyer as: " Buy all

copper tubes required for next six months".
The buyer's abstractbook shouldshowhim, at any time, what material
is to be ordered,when it will be requiredby the shops,whenordered,when
to be delivered, terms, &c., and it should always be kept thoroughly upto-date and properly indexed day by day.
Filing System.-Needless to say, a good system of filing for corre-

spondence,
returned estimates,and prints should be adopted. This will be
discussed more fully under the heading of correspondence.

The date of sending out for estimatesshould be carefully noted, also
replies tabulated. The date of fixing sub-contractsmust be entered as
well as the terms.

Moreover, a duplicate copy of all prints sent out should

be kept, and a fresh copy of the working drawing, initialled by the chief
draughtsman, should be sent with formal acceptance.
It may sound very much like an advocacy of the use of red tape, but a
very rigid and formal procedure should always be adopted in receiving and
dispatching prints. Everything should go through the head of the department concerned, and it is a good plan to keep little order-books for anything

requiredand havethe prints initialled. The form of the book,which should
be carbon duplicated, might be:
Job No.

58l

Copies

Required.Purpose.Drawing
No.

6

Title.

Prices 581/1068
I Main
boiler
furnaces
(Signed) E. Forster, estimator.

(Countersigned)E. Harper, chief draughtsman.
This slip would be handed in to the chief of the detail department, who
would give it to the proper section leader, who would say whether it was

up-to-date. When this was verified, the slip would be given to the photographer, who would take the requisite prints and give them back to the chief

%"
<t*
I*

draughtsman for initialling before being sent into the purchasing
office.

Commercial Information and Contract Law.-The buyer should
makehimself familiar with the requirementsof the departmentsand their

io
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peculiarities, and should see that a copy of his purchases and contracts are

given to the estimatorand the ordering clerk. It may evenbe advisable
to send those also to the drawing office, and the department to which the
goods are to be consigned, for checking purposes. It is desirable that he

should make himself familiar with terms commonly usedin shipment and
carriageof goods; alsowith the Law relatingto Contractand Saleof Goods.

Theimportance
of the 1893Lawcannotbeoverlooked,
andacopycanalways
be obtained from H.M. Stationery Office.
At all times the estimating and buying departments should be selfcontained, with their own clerks and typists, as most of the work is of an
essentially confidential nature.
Specifications.-The
work of this office will generally cover the

preparation of detailed specificationsfor the owners as to what is being
contractedfor and supplied. In specificationsto sub-contractorsthe most
detailedand clearestspecificationpossibleshould be aimedat, as it is unsafe
to leave out any detail which can be mentioned at all.

In calling for estimatesfrom sub-contractors,it is usual not only to
specify the requirementsvery fully, but in every caseto clearly statethe
time, method, and date of delivery required, also the standard conditions

of the firm regarding invoicing, receipt, and payment, and their practice
regarding delays due to accidents,such as fire, industrial disputes,&c.
These clauses, of course, will naturally be added to the main contract in
order to cover the firm with regard to the purchaser. The departments to
which deliveries are to be made must be clearly stated, and a copy of order,
with price deleted, sent to department.
It is a good plan to insist that, on every invoice and receipt-note sent in
with the delivery of material, each item shall be stated, and its actual weight.
These weights should be at once transferred in the invoice department to

a book speciallykept for this purpose,and to books or speciallyprepared
sheets in the different departments, which books or sheets will be sent in

regularly to the estimatingoffice or detail office, whicheverhas chargeof
the data-book,so that the data-bookmay be gradually filled up as the job
proceeds. If such entering-upis left to the end of the job, much hurry,
confusion,and delaymayensue,particularlyif the contractbe a lengthy one.
Inquiries for estimatesshouldbe sentout on standardinquiry forms, say
on white paper. When it is decidedto accepta particulartender,the acceptance should be again fully detailed and kept on different-coloured sheets,

say yellow tissues. These acceptances
should be kept separatelyand filed
by themselvesfor each particular job.
Apart from clerks and typists, the estimatingoffice should be staffed
with men who have had good generaldrawing-officeexperience,able to
understand drawings quickly. All prints sent out for prices should be
returnedwith same,and a note put on the inquiry form to this effect. This
procedure is adoptedfor two reasons:firstly, so that the firm's drawings
may not get into the handsof peoplefor whom they are not intended; and

secondly,sothat,whenthecontractis fixedandbeingexecuted,
thereshall
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be no possibility of work being finished to drawingswhich may have been
intendedfor pricesonly, and which it maybe desirableto amendas working
drawings. No sub-contractshould be begun until working drawings are
received, and a note to this effect put on the acceptance.

A good estimator must watch carefully and try to arrangeto do with
the minimum

extras, or, where the use of these cannot be avoided, he must

allow for same. The difficulty may be exemplified in boiler plates, for

instance,which are not simply so much per ton. There is a basic price
per ton, say £20. An extra of 2s. 6d. per ton per 3 in. over 8 ft. broad may
be payable, another extra per 5 cwt. on any plate over 4 tons weight,
another for certain surveys, one for different thicknesses of plates, and
one for tensile strengths, &c. It will be clear from this how important it
is to keep in close touch with the design office; for instance, in a large boiler
installation, the shells may be specified in one or two strakes, and the difference in prices so caused may be hundreds or even thousands of pounds.
Tables of these extras can be got from steel-makers, and up-to-date lists
should be kept in the office. A good designer, by skill and knowledge of
these extras, may save almost incredible sums to the firm.
Concurrently with the preparation of the estimate should go the drafting
of the specification and necessaryschedules. This will be submitted with
tender drawings to the purchasers, and the schedules will be completed
when the contract is entered into, and the whole document will become

the guide and general working instruction for the detail office. These
specifications are usually printed, and a copy is given to each of the main
departments. Copies are carefully executed by the contracting parties
with full legal formality. The preparation of specifications is a very re-

sponsiblejob. Many firms havestandardspecifications,which are used as
a basis for the preparation of those finally approved.
Standard Specifications.-During
the progress of the late War, an

increasing need was felt for the standardization,not only of parts within
a firm, but for standardization in relationship to materials, tests, &c. As
an instance, it may be stated that the manufacturers of steel plates for

boilers and ships sent out lists of standardplates they were preparedto
roll, and which, tested at the works by the surveyors of the classification

societies,could be had as if from stock, and with the minimum delay.
The previous multiplicity of requirements and tests made the work of
both designerand detailer very onerous,and not infrequently led to very
costly construction.
These differences have been realized by practical draughtsmen for years,

but it was the urgency of the War that forced on reform. Recentlythe
Board of Trade, Lloyds, and British Corporation, have combined to make
their

rules for

boiler

construction

identical,

a vast reform

when it

is

rememberedthat previously every rule was different, and most work for
first-classjobs was made under two surveysat least,scantlingsto suit the
Board of Trade often meaningan increaseof weight of about 5 per cent
with steel at £20 per ton.
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Anotherside on which much progresshasbeenmadeis in the preparationby the British EngineeringStandards
Association
(incorporated
in
1918) of standardspecifications.
The Associationhas issued,up to the time of writing, 136 Standard
Specificationsand five interim reports on Ball Journals, Screw Threads,
Tyres, &c. All classesof work are covered, and a cataloguecan be
received by sending a postcard to the Associationat 28 Victoria Street,
London, S.W. i. The Specificationsthemselvescost is. Specifications
are in course of preparation for aircraft materials and components,and
a number have already been issued.

The Costing Department.-This departmentcomesmore properly
under the purview of the clerical staff, but it very closely affects the
efficiencyand accuracyof the drawing-officework, and particularly affects
all future estimates. It is fairly commonto find it in chargeof a man who
has had a good technicaltraining in the drawing office.
How the departmentis actuallyorganizeddepends,to a very considerable
extent, on the methods of accountancyand stock-keeping adopted in the firm.

In the first place,by keepinga proper set of books,it should be possible
at any moment to get the actual cost of all the items delivered againsta
job. Any material taken from stock should be shown on these books, as,
if this be not done, a particular contract might appear to work out cheaper
than it really is. Moreover, it is necessary to show what has been taken
out of stock, if the amount of stock carried is to be maintained

at a level

which will enable emergenciesto be met easily.
So far as the cost of labour is concerned, separatecolumns must be kept
for the different classesof work involved, also a statement must be made of

whether time, piece-work,or premium bonus is the method of payment.
If a premium bonussystemprevailsin the shops,the rate-fixing department is usually attached to the costing department, and this department

may attain to very considerabledimensionswith an extremely elaborate
system of books.
It would

take us too far afield to discuss all the items involved,

and

indeed it is unnecessary, as the system does not prevail to any large extent

in this country, and at presentthere is no indication of any considerable
extension.

The costing departmenthas been mentionedhere only because,when
a costingsystemis introducedinto any firm, its main outlinesare generally
worked out in the drawing office, althoughthe detailsare left to the clerical
staff, and becausethe opportunity seemsfavourableto emphasizethe necessity and desirability of having this departmentput on a well-organizedand
scientific basis, with a view to the facilitation of drawing-office and esti-

matingwork. The costingsystemand costingdepartmentin mostfirms
are of the most rudimentarydescription. Temporaryexpedientsand makeshifts have been adoptedas the businessgrew, even where it would have
paid over and over again to call in the assistanceof a good accountantto
tnake a thorough overhaul and examinationof what would require to be
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doneto put the systemon a soundbasis. Onewell-knownfirm of engineers,
of no great eminencefifteen or twenty yearsago, createdat the time quite
a large costing and estimating department,thoroughly examinedall the
processes
of production, testedthe capacityand efficiencyof machines,and
installed new ones where necessary,so that now these departments work
like clockwork, and costs, the firm claims, can be known almost to a penny,

with the result that evenin very bad periodsthe firm is practicallyneveridle.
It has reduced costs to a minimum, and is able to meet successfullythe competitive market prices.

CHAPTER

II

The Design Office
Closely related to the estimating office is the design office, or, as some
large firms prefer to call it, the scientific department. This is a department
that only exists as a separateentity in large progressive, up-to-date establishments whose line of business is largely influenced by fresh theory and inventions and is dependent on experimental research. It comes to mature growth

wherelargeprime moversare manufactured,or very variablestructuressuch
as ships are built. The same need does not arise in structural steelwork,
for instance, though many large structural steel firms do maintain such an
office. In such cases they are used largely as estimating offices, and it is
probably in this direction, rather than in that of research, that their main
importance lies.
Technical Questions dealt with.-The
design office is usually much
smaller than the detail office, and has its own departmental head. It is the
function of this office to prepare the original drafts and sketches for new
work; to estimate the quantities of material required; to ascertain how far
specified requirements can be met. When the main lines of design have
been sketched out, the quantities are estimated, and technical questions,
such as stability, if the job is the building of a ship, are looked into.
This office, working in close conjunction with the estimating office, will
prepare the tender drawings and sketches,and will generally feed the estimating office with fairly detailed technical information. If the contract be

placed,the designoffice will lay down the main outlinesof the job, and will
generally fix the principal dimensions and scantlings, calculate stresseson
parts, and tabulate them in an easily accessibleform.
Stress-book.-The
stress-book is a highly desirable and valuable

record. It should be kept as part of the office work and completelyupto-date by the checkeror sectionleader. If this book be not kept regularly
and carefully,the very valuablecomparativedata kept by the individual
draughtsman may be utterly lost to the firm, if such an individual should
ceaseto be employed with them.
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Breaking up the Job.-The job canmostlybe brokenup into a

numberof well-definedand easilyrecognizable
units, eachof which can
havea separatesectionin the data record. These units will be further sub-

divided,and undereachsubdivisionwill be indicatedthejob identification
number and the important dimensions. The material to be used should

beentered,
thethickness,
theworkingpressure
forwhichthepartis designed
the test pressure,the stressper squareinch at workingload,&c. It is a

good plan to mark in the data-book,at the head of eachsection,the characteristic formulaeapplied, and also the safeworking load.
Data-books.-It
is usual to keep a list of significant dimensionsand

arrangements,
because
frequentlythe thing wantedmostrapidly from the

design office is the arrangementof an installation, and the accommodation
which will be necessaryto houseit. At the head of such a sectionshould

be a list of normalclearances.A specimen
pageof sucha sectionis given
herewithfor a marineengineandboiler installation,whichwill fully explain
itself.

NORMAL

MP.

CLEARANCE.

ENGINE

ROOM

UR

i 111111
HiiK
A =

distance between H.P. and L.P. centres.

B = distancebetweenM.P.j and M.P.2 centres.
C = distance between M.P,2 and L.P. centres.

D
E
F
G
H

=
=
=
=
=

distanceto outside of H.P. casing-f- 3 ft.
distanceto outsideof M.P.j casing+ i ft. 9 in.
distancefrom C.L. of cylinders to C.L. of shaft.
distancefrom C.L. of shaft to tank top + 2j in.
A + distanceto H.P. casing+ distanceto L.P. joint + i ft. 9 in.

J = 2 distance from C.L. to column foot + 2 ft.
Job No.

I.H.P.

Type.

Size of

Cylrs.

Stroke.

W.P.

Fiff- 3--Specimen

A.

B.

C.

Page of Data-book

D.

E.

F.

G. H.

J.

(i)

N.B.-Sketch, table, and column all form page of Data-bookin eachcase.
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A

10 ft.

B

length of boiler.

C

2ft.

D

length of boiler.

E

10 ft. 6 in.

F
G

length of crossbunker.
mean diameter-f- i ft. 9 in.

H

mean radius + 2 ft.

J
K
Job No.

OFFICE
ROOM

6 in.

A BCD
E F,

overall length of boiler room.
2 ft. 6 in.
Cub.

Cap.

T.P.

Type.

Diameter.

Length.W.P. A. B.

Fig. 4.-Specimen

Page of Data-book

C.

D.

E.

F.

G.

PL

J.

K.

L.

(2)

Special circumstances will always call for special arrangements, but a
few normal figures, worked to approximately in every case,very considerably
lightens the designer's task, and avoids, as far as possible, chancesof large
and serious errors. With a system of book-keeping highly elaborated, such
as this, the main features of an arrangement design could be sketched on
the back of an envelope, and the shipbuilder enabled to make his arrangements accordingly. Even where such a complete record is kept, it is still
advisable to go very closely into new designs and check results. Nothing
should be left to chance. The designer should know almost instinctively
what clearancesto test and what scantlings are suitable.

Leading Particulars of Job.-An important work of the design
office is the preparation of a fully detailedsectionaldrawing, showingthe
important dimensions and scantlings necessaryto obtain the certificates of

someof the classificationsocieties,which are frequently necessarybefore
the installationcan be insured. Typical examplesof theseare the midship
sectionof a ship, main steam-pipeinstallations,and marine boiler design.
In the two latter cases,however,the working out of thesearrangements
and scantlings is left to the detail office, the demarcation of what shall be

donein eachoffice being a matter of internal arrangement. The classification societiesgenerallyconsideredare the Boardof Trade, Lloyd's Registry,
the British Corporation,and the BureauVeritas. In structuralwork on land,
the span of bays for overhead cranes, the distance between columns, the
scantlings of columns, crane rails, the size of foundations, the thickness of
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retainingwalls,and block planshaveto be prepared
for the localBuilding
Authority. Theserulesaregenerallyveryrigid, andmustbecloselyadhered
to. If the contractor fail to comply with them, he is liable to be askedto
pull down much of what he has erected and to build afresh. It is therefore

important to get the plans approvedby the competentauthority as early
as possible.

Tests.-Another importantaspectof the work of the designofficeis
to attend at all tests, and to collect and collate the results of them for future

guidance. It is very essentialto note very carefully the conditionsunder
which any test is carried out. These conditionsshouldbe all carefully put
down on the standardized data-sheet, in which the results themselves are

shown. The usual methodof keepingtheseresultsis to havewhite prints
made from a tracing, which show all the various items to be noted.

The

figures and remarksaremarkedon thesesheetsin pencil,and the wholesent
into the tracing office and traced. Photographs,either in white or blue,
can then be filed for reference.

In addition, it is usual to enter the more

significant items in a book, as,if dependenceis placed absolutelyon loose
sketches,there is alwaysthe possibility of someof them being misplacedor
lost.

It should be the duty of someone in the office to see that all data-

books and sheetsarecarefullyput awayat night in the fire-proof safegenerally provided for this purpose.
It is usual to plot test results in a graphical form, and to find how much
any particular job may vary from normal practice, and if necessaryto bring
that normal practice up to date. It may be found, for instance, that for
some special reason higher working-stresses than usual have been used.
If this special practice be repeated on several occasions,and the results are
found to be satisfactory, it may be possible to bring the normal practice
into line with this special practice, and to alter the basic formulaeaccordingly.
Functions of Design Office.-The
main detailed drawings and calculations should be submitted to the design office, in order to ensure that

the generalprinciples of the design have been carried out.
It will be seenthat the design office has a doublefunction in the preparation of designs. In the first place, it has to preparedesignsfor estimating purposes. The designfor this phasemust be accurate,but generally need not be given in so much detail as when preparedfor the detail
office. Indeed,when preparedfor the latter, it may be found highly desirable to considerablymodify it so as to suit existingpatterns,standardgauges,
templets, and conditions, which could not have been foreseenwhen the
original draft designswereprepared. The " estimatedesign" itself maymeet
with considerable alteration at the hands of the purchaser.
Necessity for Full Information.-It
is essential in the design office

that the fullest possibleinformation should be put beforethe draughtsmen,
both in the shapeof correspondence,
similardesignsfrom the firm's own practice and from elsewhere, and the latest scientific and technical information,

either in technicalpublicationsor the proceedingsof learnedsocieties.
Staff and Discipline.-From

what has been said regarding the arrange-
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nient of the estimatingand design offices,it will be observedthat much latitude must be given to the highly skilled men employedin them, in regardto
freedom of movement,opportunity for observationin shop or on site, and
time takento particular portions of work. This doesnot meanthat discipline
need be more lax in these offices; only that it must be of a different kind.

It is very probablethat the administrativehead,whetherhe be a chief over
the whole of the officesor a manager,will spend a considerableproportion
of his time in these offices. It pays to staff, and even slightly overstaff,
these departmentsand give them the maximum facilities for carrying on
their duties. Heating and lighting are by no meansnegligible factors, as
also satisfactoryarrangementof the offices,lavatory accommodation,
recording and specialinstruments, &c. These remarksapply also, in degree,to
the detail offices,which it is now proposedto describe. Much of what will
be described in the next section applies to these offices, and has simply been
omitted so that what is common to them may be treated all at one time.

CHAPTER

The

Detail

III

Office

Organization.-Whether or not the firm be large enoughto support
separateestimatingand designoffices,it is-certainthat the detail officemust
always exist. In size, it is generally reckoned as the main office, and it is
always responsible for the issue of directions to the various shops in the
shape of drawings, order-sheets, standards, &c.
The detail office itself is generally split up, in certain classes of work,
into two or three more or less well-defined departments. In an electrical
establishment, it may possibly be that one portion will deal with the mechanical design of the motors, dynamos, commutators, transformers, &c., whilst

another portion will deal with the generalinstallation, placing of switchboards, wiring, &c. In a ship office,we may havea sectiondevotedto the
steelwork, another to piping arrangements,and yet a third dealing with
accommodation,including shipwright work, upholstery, &c. In a land or
marine engineeringestablishment,the sectionswill probably be a turbine
department, reciprocating-enginedepartment,pipe and machineryarrangement department,and a boiler department. The usual procedure is to
have a chief over the whole office, with an internal office with clear windows

looking out on to the main office. Under him, and working near him, will
be the assistantchief, who will generally look after the discipline of the

office,giveoutworkto thesectionleaders,
andcorrelate
theirworkandgenerally approveof thefinisheddrawing,discussing
pointsof peculiarimportance
or difficulty with the chief. All the correspondence
will comethrough
him to thesectionleaders. It will perhaps
helpto makeour meaningclearer
VOL. J.
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if we describein somedetail the working of a large marine engineering
establishment. We shall describe the routine of the work, including the

preparation
of drawings,
the circulation
of correspondence,
the methods
of orderingmaterial,the issueof drawingsto the shop,&c. This section

will be treatedin muchfuller detail than the previoussections,as,by doing

so, we shallbe describing
at the sametime muchof the routinework of
the estimatingand designoffices. The routineof the officehavingbeen
fixed,it mustbestrictlyadhered
to, andonlydeparted
from for veryspecial
reasonsand with the full knowledgeand concurrenceof the responsible
head. This is absolutelynecessaryif overlapping,omissions,and friction
are to be avoided.

The Chief Draughtsman.-This official has the ultimate and sole
responsibilityfor officediscipline,and both the qualitativeand quantitative
productionof the work. He mustsee,asfar as he can,that the propertimetable is worked to, and should constantlycheckthe progressmadein the
varioussections. He is responsible
for thetakingon of newmen,and for dismissals,and for the takingon of men or youthsfrom the shops. It will be
his duty to grant, or at leastadvise,what changes
shall be madein the staff
organizationat the propertime,and to investigateanygrievances
which may
be broughtto his notice. From his room he can usuallyoverlookthe whole
office,and yet be easilyaccessible
to callersand to men who may require
his attention for important decisions. It is usual for him to have various
forms or tables showing a time-table, progress rates, &c.
Programme Table.-A characteristic time-table for a marine-engine
office will show, against eachjob number, the name of the purchaser, the
size and capacity of the installation, the contract date, the date of launch
and delivery date proposed, and it will be for him to take such steps as he

thinks necessary
to ensurethat thesedatesare madepossible,by regulating
the drawings and orders sent out through the order office.

Table of Drawings.-A

very desirabletable to be kept is one giving

the drawings and their characteristic numbers, the material orders, which

should be issuedin connectionwith it, the date when the drawing was
finished, when traced,and when and to whom issued. Typical forms of
these are shown on opposite page.

Each table would be filled up by one of the juniors on eachjob, who
would also do a duplicate for his own section leader.

In addition, an abstractwould be kept in the chief draughtsman'sroom
to showthe partieswith whom the sub-contractswerefixed, with their date;
alsothe date of promiseddelivery,and of actual delivery.
The time-bookskept by each draughtsmanusually pass through the
chief's hands on their way to the time-clerks, so that he can scrutinize them.

Personal Control by Chief Draughtsman.-It is highly desirable
andvery usualfor the chiefdraughtsmanto go round the officeas frequently
as his other dutieswill permit, and so to keephimselfthoroughlyconversant
with the work in the office.

It is usual for him also to work in close touch

with the headsof theshopdepartments
in orderto appreciate
properlyany
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difficultiesthat mayarisein the executionof the work. Most largefirms
havea dailycouncilof headsof departments,
whereideasareinterchanged
and mattersconcerningtwo or more departmentscan be discussed.
Office Correspondence.-The chief draughtsmanwill be responsible
for the officecorrespondence.It is usualfor him eitherto consultthe section

leaderor to gethim to drafta suitablereplyto a letterin whicha number
of detailsare considered. He is alsoresponsiblefor the issueof all draw-

ings and order-sheets.His own order clerk looksafter this work. He
keepsa registryof drawings
andordersissued,andseesthemthroughinto
their respectiveshops or to the dispatchclerk. The order clerk usually
keepsthe chief draughtsman's
booksand carriesanyinstructionsor messages
he mayhaveto give. The chief draughtsmanin a large officekeepsa typist
for his own particular correspondence.This typist generally does the
filing of correspondence
and keepsthe indexesup to date.
General Procedure.-The drawingofficemust keepin touch with the
foremen and erectionengineers. The normal procedureis for foremen,
inspectors,or sub-contractors
who wish to elucidateany point or who desire
an alteration to suit shop practice or purchaser's usual requirements, to go
in the first instance to the chief draughtsman, who will probably send them
on to the man in charge of the job. It is very desirable that this procedure
be followed out, so that the chief draughtsmanmay be thoroughly conversant

with any changemadeduring the progressof the work in the office. This
procedureeliminatesas far as possiblecontroversyat the conclusionof the
contract, and mistakeswhich may arise from departmentsnot knowing
of changes made which may affect them.
Assistant Chief Draughtsman.-The

work of the assistant chief

draughtsmanis to be reasonablyfamiliar with the correspondence
and the
general duties of the chief. He is expectedto concentrate his attention on

the technicalaspectof the work, and it is for him to interpret carefullythe
intentionsof the designoffice. Drawingsgoing out of the officeshould be
scrutinizedby him generallyto seethat the terms of the specificationare
compliedwith and that they correspondwith the original designs.
Section Leaders.-The sectionleadershavechargeof one or perhaps
severaljobs, and workwith severaljuniors under them. The sectionleader,
who is generallyhis own checker,givesout the work to the juniors, and
generally superintends the drawings on the boards, and does a considerable

amount of the drawing himself. Having given a drawing to a particular
man, he guideshim generally,and when the drawingis finishedit is taken
off the boardand carefullychecked. The processof checkingis one of the
most difficult and harassingparts of an experienceddraughtsman'sduties,

ashe hasto watchthe specification
verycarefully,to seethat the general
dimensionscorrespondto the designor guidancedrawings,and to assure
himselfthat the variousdetailedsizescorrespondto thoseon other detailed
drawings. Every pipe and valve-flangeon drawingsand on order-sheets
must be individually checked. This is no small matter when it is stated

that in the machinerypipe arrangementaloneof an intermediateliner of
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7000 i.h.p. there may be as many as 1000 pipes and possibly300 valve
fittings.

Having checkedthe drawing, the detailsand preparationof which will
be more fully dealt with in a later paragraph, it is initialled by the section

leaderand given to the assistantchief. The latter, after inspectingit, will
haveit sentinto the tracing office,whencedrawing and tracing are returned
to the section leader. It is usual then to check the tracing with the drawing,

the draughtsman's
initials beingput in the corner with thoseof the checker,
when the drawing can be photographedand sent out for circulation.
Size and Style of Drawings;

Instruments;

Handbooks.-The

size and style of drawingsshould be standardizedas much as possible. It
must always be recollected that the tracing-papers and cloths, also photo-

printing papers,are made in rolls of 30 in. and 40 in. broad,and drawings
should be made accordingly.

A very good size of drawing-paperis the ordinary double elephantsize,
40 in. X 27in., althougha smallersheet,the imperial, 30 in. X 22 in. is frequentlyadopted. The former is not only a very convenientsizewhen on the
board, but is a satisfactory size for handling in the shops, and is economicalin
tracing-cloth and photo-paper. For large arrangement drawings, paper from
the web roll is generally used. This may be the well-known sand-grained

paper,or it may be someform of mountedhand-madepaper. These can
generallybe procured in long rolls of 30 in., 40 in., 54 in., and 60 in. width,
and the amountrequired cut off. Where a drawing will be on the boards
for a long time, instead of attaching it to the board, as is usual, with small
brass-headeddrawing-pins, the paper is stretched by soaking, and, whilst

wet, glued to the edgesof the board. When the paper dries, it of course
contracts and gives a very tightly-stretched surface to work on, and which
will remain stretched without any ruffling up, as long as the job lasts. It
is essentialto have the edges of the board planed perfectly true, and also
to have a very true T-square, also good set-squares,one of 45° and the other
a 60° one. Scalesmay be of paper, but are more generally of wood, and are
much more satisfactory when edged with white celluloid. Ivory scales are

frequentlyused,but they are very costly,and after a time the markinggets
rubbed off, and they require to be recut. Where English measuresare
adopted,the usual scalesare J in., J in., \ in., i in., f in., f in., i\ in., and 3

in. to the foot. In moderndrawing-officepractice,the slide rule is constantly
used for multiplying, dividing, squaring, cubing, extracting roots, &c. Each
different branch of engineering and shipbuilding possessesits own favourite

pocket and handbookswith tables, &c., but these tables are frequently
standardizedon sheets hung round the office.

Beginning the Drawing.-On beginningthe drawing, the draughtsman plansin his own mind how he will spaceit out for easyreadingin the
shops, which are seldom so well lit as the office. Centre lines are used as

datumlines,andall dimensionsshouldbe calculatedfrom them and checking
donewith referenceto them. Generally,two views at least are necessary,
and half a dozen may be needed,including, perhaps,an outer elevation,
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a sectional elevation, an outer end, and a sectional end elevation, and similarly with the plan. Half-sections are very common. It is common practice

to draw the plan, lookingdown on the article, immediatelybelow the side
elevation. The end elevationsare usually drawn on the left and right hands
respectively of the plan and side elevation. The end elevation on the left-

hand side is the end view when looking from right to left; and the end
elevation on the right-hand side is the end view looking from the left to
the right.
The aim of a drawing should be to portray the article drawn simply,
exactly, and completely. All the necessary instructions for manufacture

should be given on the drawing. Sometimesthis information is given in
the form of notes, but it is better to give it in tabular form. It is usual to
give overall dimensions to assist the shop foreman to understand at once

Eiui

LookingOft 6

Lookirujoti A

Lookingon.C
Fig. 5- Disposition

of Views on Drawing

the size of piecehe will be calledupon to handle,and to makehis arrangements accordingly.
Dimensions.-Dimensions
should be written in large bold figures,
and where, as in an arrangement drawing, there are a number of similar

parts, eachshould havea distinguishingmark, such as capital lettersof the
alphabet. Thus the ground plan for a large works would have the columns
marked A, B, C, D, &c., and the different piping systemsmight be lettered
H!, H2, H3 for hydraulic pipes, Sj, S2, S3, &c., for steam pipes, &c. These
distinguishing marks are of very great assistancein the identification of
pieces in the shop, where they will be painted on if wrought iron or steel,
and probably cast on if cast iron or gun-metal.
The practice in many offices now is to give all dimensions in a drawing
up to 2 ft. in inches, i.e. 23 in., but after 2 ft. in feet and inches, as 2 ft. 7 in.
At least one standard, whether it be this or another, ought always to be
adhered to. It is usual in large firms to give each part a cost number, so
that the actual cost of every detail as it passesthrough the various shops may
be known. This cost number should be shown on the piece, and an arrow
should indicate precisely its location. This cost number will also be given

in the tableat the foot of the drawing,with the location,material," number
off ", &c.

In some casesa refinement is made on the cost system, so that
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there is a different number for the material and for the classes of workman-

ship, but this leadsto an enormousnotation,which would not seemto give
commensurate
results. To keepthe costnumberfrom being confusedwith
dimensions

or

" numbers off " it is usually ringed thus:

In the drawing proper, each part should have printed under it its distinctive name and " number

off ", also the scale to which it is drawn, if

different scalesare used in different parts of the samedrawing.
All spare parts required should be marked on the working drawings, so
that they can be made at the same time as the working parts.
Finally, at the foot of the drawing, its well-known title, such as " pistonrods " or " cylinders ", should be given, and the number of the job, draw-

ing number, date of drawing, and scales.
A characteristic

title

would

be

ENGINES

No.

783

CYLINDERS
SCALE: ii

in.

=

i ft.

4 Sheets: Sheet No. i
Drawing No. 783/1

The table of particulars set out at foot would be somethinglike the
following:
Cost No.

H3
114

Colour

Particulars

of Part.

Junk ring studs
Junk rings

Work.-In

No. off.

64
8

Material.

Steel
Steel

Ordered.

2I/II/2O
23/11/20

Order Sheet.

P-63
Drg. 783/11

some offices a considerable amount of colour work

is done, chiefly by juniors, generally to distinguish the classesof material
used. Very faint washes only should be used for these, and these should

be appliedto black-and-whiteprints rather than to the tracing. There is
a fairly well-known convention for materials, such as neutral tint for cast-

iron, bluefor steel,brownfor copper,yellowfor gunmetal,andlight pink
for lead.

Sectionsare frequently hatchedto showup more clearly and to indicate
unmistakably that they are sections.
Different offices may have different conventions for colour schemesand

for hatchings,
but thoseshownin diagramarethosein mostgeneraluse.
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In a coloured drawing, a key diagram of colour scheme should always be
given on the drawing itself. This saveswaste of time and any possible
confusion.

In making many of the arrangementdrawings,care should be takento
simplify them to the greatestpossibleextent. The necessityfor this becomes
very evident in any piping arrangement, where pipes may cross one another
or be hung above others in a great multiplicity of arrangements, and which
it is extremely difficult to show clearly. It is usual to make one arrangement drawing showing all the different systems of pipes, for the sake of

checkingclearancesin the drawing office, but such an arrangementis of
very little use in the shops, yards, ship, or to men on the site. It is therefore
necessaryeither to colour pipes by systemsor, better still, to prepare separate

drawingsfor eachsystem,
CAST IROM
BEARINGS

METALSECTIONS

(Lighf
Grey)
STEEL

haustarrangement,
an oilpipe arrangement,a lubri-

(Light
Blue)

cating arrangement,
a

COPPER

hydraulic
arrangement,
a sanitary arrangement,
bilge and ballast arrangement, &c., as different
squads of men will be fit-

(LightBrown")

GUNMETAL

(Ye/tow)

BRICK
SECTIONS

LEAD

(Pink)
ENDWOOD
SECTIONS
Hatching

such as a steam and ex-

ting differentsystems
in
all probability.

Key to Colour Scheme

JE-ig.7

In pass-

ing, it may be said the

old practice was to take
sets and make a great number of such pipes to place. This has largely

given place, particularly where pipes of large bore are concerned,to a
systemof detailing thesein the office, and only using closinglengthswhich
are made to place. This considerably adds to the drawing-office work,
but saves much time and delay in the shops, particularly as there is a

growing tendencyto use steeland iron pipes wherecopper and lead were
once very common. The steel and iron pipes can be procured easily in
standard lengths, also bends and junction-pieces, at prices very much less
than they can be made for on site.

Where wrought iron or steelis usedit is generallynecessary
to sendout
block sketches of the material required, as it may come in " rough forged ".
Details are not shown on these sketches,but they give the outline and outside
dimensions with the usual extras for working and machining. When draw-

ings or order-sheetsare sentout, a copy should on everyoccasionbe filed
for drawing-officeuse. This filing should alwaysbe done by one person,
say the safe-attendantor drawing-officeclerk, and each item should be
enteredup in a register, giving date and characteristicnumber. Notes to
photographer,authorizing the taking of prints for the shopsor for prices,
should be initialled by section leaders, and the recall of all drawings from

shopsfor alteration should be done by a note in the office duplicationbook.
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or more large order-books should be kept for

eachjob, and a duplicate copy of eachorder sent out should be inserted.
The drawing-officeorder-bookis generallyquarto size, and made with thin
sheetsof white paper upon which the orders are pasted. A standard index
should be at the front of each book, and the order-sheets for different jobs

enteredalwaysin the samenumberingof pages. The book should, moreover, be split up into convenient sections, and a number of spare sheets left
betweensections, so that a spacemay be provided for unusual orders, which,
of course, must be specially and appropriately indexed up.
Standard Drawings and Data.-In
any large office a considerable
number of standard drawings are kept, whereby a very considerable saving
of time and labour is effected. It is obvious that it is necessary to have
a uniform standard of bolting throughout the work, and, indeed, if the firm
can see its way to the adoption of the British Engineering Standards for
pipe-flanges,&c., so much the better, and the nearer we shall be to a standard
practice and the simplification of design and avoidanceof difficulty in repairs.
Standards are generally constructed for pipe-flanges of different pressures
and material, standard dimensions of bolts, glands, riveting, and other parts
of the work that lend themselves to this process. In addition to this, books

containingall the dimensionsand sketchesof the different classesof small
fittings used, such as valves, cocks, &c., are kept, and it is only necessaryto
indicate position of flanges and pieces they join and to add the standard
number, to completely specify the piece it is desired to have made. Portions
of the work which can be easily standardized in design, although perhaps
not in dimensions and scantlings, should be so treated that the addition of
the one or two variable dimensions should complete the sketch or order.
Miscellaneous Drawings
and Sketches.-In
any drawing office
there is always a mass of sketches and drawings received from outside,
which must be indexed and kept in an orderly fashion. These are either
kept in appropriate drawers or in individual pockets or dockets. When
drawers or dockets are not available, large square envelopes with tongued
flaps are a good temporary substitute. When the drawings are finished
with, they can be bundled together and put away in the storage safe, where
old records are kept.
These square envelopesshould be marked on the; outside with the job
number and packet distinction, say, A, B, C, D, &c. Each print or tracing
kept in them will be A15A2, A3, A4, &c., or 1^, B2, B3, B4, &c., as the case
may be.
In folding prints it is a good, neat, and satisfactory plan to fold them in
Admiralty style, with title, number, and date received, and the origin of the
drawing marked clearly on the outer portion. In putting prints back in the
dockets, they should always be put back strictly in order so as to minimize
loss of time in future

searches.

It is attention

to these small

details

which

tells favourably on the efficiency of an office-saving time, worry, and
misunderstanding.

All alterationsto prints should be madein red " blue-print "

corrector,
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and if new prints are sent out in place of any recalled,a red chalk-mark
should be addedto draw the attention of the shop foreman to the modification.
Time-book.-Each
draughtsman keeps a time-book in which he
should enter up the time he spends per day on each job. Generally the

completejob number will be held sufficient, as few officesdo more than
make an overall calculation of time spent on any individual contract.
Record of Alterations.-An
experienced section leader will keep a
list of the alterations made during the course of the job, with a note of the

authority from whom he receivedinstructions to makethe changes. This
practice not only keepshim right in the caseof disputeslater on, but is
necessary,
as a set of correcttracingsof the job as finishedmaybe required.
In this set of finished tracings alterations made outside the office, sometimes
without office sanction and at the request of a surveyor or inspector, are
expected to be incorporated. This will mean that a few journeys to the

ship or site may be necessaryand a note of thesealterationstaken. The
working drawings should be altered accordingly in red.
Key Diagram.-In
large arrangement work it is usual for the section
leader or his most experienced man to make outline key arrangements, and
sometimeswhat may be called a connection diagram. This diagram would
show in end vertical column the sources of power, and on top horizontal
column the auxiliaries to be driven. In the square common to each put
a circle with the bore of the connection. By this meansa complete tabular
statement of all connections can be given. Such a diagram is the key by
which the section leader will check subsidiary drawings and orders.
Such a key diagram is shown herewith, dealing with auxiliary connections
for a large marine-engine installation. It is quite possible that the same
item shall appear on upper horizontal as well as on left-hand vertical column
heading. To show how it is worked, take the item " Steering Engine " in
vertical column. We find a circle with the size 2\ in. under the heading

" ReducedSteam".

This meansthat steamto steeringengineis not taken

direct from boiler, but from a reducing valve. Of course the lead to the
reducing valve itself will probably be taken direct from the boilers, but this

doesnot affect the key diagram. Similarly, it will be evidentthat exhaust
steamfrom steeringenginesmust be arrangedby a suitablearrangementof
valves and connecting pieces to go either to main or auxiliary condensers,

feedheater,atmosphere,or L. P. turbine. This connectiondiagramis very
often translatedwith a key sketchactuallyshowingthe placeof main engines,
boilers,and auxiliaries,and lines drawn connectingthem. This is not really
necessary,
as the connectiondiagramshownshouldgiveall that is necessary,
but the diagrammatic sketch makes it clear to juniors.

It is understood that,

in column marked" Makers", the name of the makersof any auxiliary
machineryshould be inserted,simply as a convenience
to the sectionleader.
It is usual in large contractsto send such key drawingsand diagrams,
as well as the principal drawings,to the ownersfor approval. It is highly
desirableto get this approvalat an early date,so that materialcanbe ordered
early The usual plan is to sendtwo thin prints of each,one of which will

THE

DETAIL

OFFICE

27

be returned signedor stampedwith the owner's approval,and the other
retained by the owner for his records. Great discretion is necessaryto
know which plans it is important to have approved in the first place, as also

which parts of the materialshould be,and which parts canbe, orderedfirst.
Orders for material of which only a long deliverycan be given should be
pushed out immediately; also those portions which, from their position,
must

be

made and fitted

first

of all.

In the courseof his work it is necessaryfor the draughtsmanto make
himself thoroughlyfamiliar with the ordinary shop practice,machines,and
facilities, suchasmaximumsizesthe machineswill take,facilitiesfor handling,
crane-lifts and heights,jigs and gauges,patternsin store, dies, and all the
implements of manufacturegenerally.
There shouldbe booksin the officecontainingtheseitemsof information,
including a list of tapsin stock,&c.
Catalogues of Special Parts.-As, in large-scaleproduction, a considerable amountof specialitiesare bought in finished from outside firms,
it is very desirableto havethe figured catalogues
easilyavailablewheresuch
specialities can be seen, and their duties and sizesfound.

This information

facilitates the orderingof the same,and makesfor much greateraccuracyin
the finished drawings. Thesecataloguesshould be kept in one place and
indexed, and a registerof them kept by the officeclerk or safe-man,or other
person deputed for the task.
In a well-organized office the boards and benches are cleared every
evening, loosedrawings and tracings are put away in the fireproof safe, order-

books put in their correct place,as well as catalogues,&c. Not only are
these things saved if a fire does break out, but a great deal of trouble and
time is saved, should a particular item be required at an unusual time or
when someone may be off work.

Library.-Another

very useful adjunct to the office is a library where

the larger works, other than handbooks,which deal with engineering matters

pertaining to the particular branchof industryin which the firm specializes,
are kept.
reference.

The technical press should also be available in the library for
In one or two cases,books are lent out from the library to juniors

who are keento learn anythingabout the industry they are engagedin. In
such cases,the eldestapprenticemay be responsiblefor their issueand safe
return. In oneoffice in the writer's experiencethis plan worked very satisfactorily. This sameapprenticefrequentlyhas chargeof pencils,rubbers,
inks, drawing-pins,&c., which areusuallysuppliedto the draughtsmenby the
firm.
These items constitutea fairly heavyexpensein the office,and so far
as is commensurate
with efficiencyshouldbe usedas economically
aspossible.
Use

of Tracing-paper.-It

is becoming more and more common

practice in the larger officesto dispenseas much as possiblewith drawingpaper, using tracing-paperinstead. There is much to be saidfor the practice both on the score of expenseand convenience. The economic side of

the question neednot be laboured,but a considerableamountof the work
in an office is of the nature of repetition work, with a few alterations to suit
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particular cases,so that the use of tracing-paper may save considerable time.

Considerfor a momentor two the.caseof, say,the lubricatingpipe arrangement round a large engine or the arrangement of platforms. If it be done
on drawing-paper the engines have to be drawn down to scale afresh each
time, and it is likely some apparently small details will be overlookedwhich
may seriously affect the arrangement. In a caselike this a sheet of tracing-

paper can be laid over, say, the carefully madeup drawing of the engines,
and the leads of lubricating pipes or platforms drawn in on tracing-paper,
without a single line of the engines proper. Of course, when finished, it

will be advisableto showthe main outlinesof the engineto conveya quick
picture of what is required to the men on the job. Against the use of tracingpaper may be urged the fact that it tears more readily, gets dirty, does not

lend itself to erasure,and consequentlyleadsto a good deal of annoyance
and irritation, and consequent inefficiency; but if properly and discreetly
used, great economy, financial and otherwise, ensues.
Fluctuating
Nature of Work.-It
is inevitable that there will be

periods of extremepressure. Certain shopswill demandwork greedily to
keep them going, and to get the contract forward at the greatestpossible
rate. Never may it be hoped that a whole contract can be designedand
detailed and modified to the draughtsman's satisfaction before he is called
upon to pass drawings and orders into the shop. Skill, judgment, and

experienceare very necessaryto know what things must haveprecedence.
For instance, it is obvious that where large castings form part of the product,
time will be needed in the production of the patterns, and a further period
must elapse before the foundry can deliver the castings.' In the machine
shop, moreover, many different operations may have to be performed on
one piece alone, and all of them at different times, so that the preparation
of such a drawing is generally a first call. But there are obvious risks. The

facingshaveto be fixed definitely when one would gladly do it tentatively,
in view of what may crop up at a later stage of the work. But this may not
be, and it is seldom indeed that a whole job is finished, and can be looked
back upon without a wish that it had been possible to alter many things.
It follows that often, in a squad, one or two of the men are trying the most

likely small arrangements
to ensurethat a reasonablysuitablearrangement
of the major pieces can be made thus early. It is here that experience and
judgment are so necessary. But, whilst this is often the case, there are
periods of real slackness, when not much current work is on hand. The
staff is generally kept up, as it is usually bad policy to deplete a staff which
knows the run of the work and the office. During such periods the men
are generally turned on to the task of working up the data which may be
neglected during times of pressure; of preparing and altering, where found

necessary,standarddrawings and sketches. This work, whilst it has no
visible return at the moment, proves useful in the long run.

Drawings of Standard Parts.-In

making standard drawings it is

important not only to make the standards for different sizes of the same

group of articlesshow differenceswhich shall be definite and progressive,
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such as thickness,&c., but to make the drawings show similar views in
similar parts of the drawings,and to makeall the drawingsof exactlythe
samesize and style. For many classesof work it will be found very good
practiceto take a sheetof double elephantdrawing-paperand divide it in
four equal parts by drawing both vertical and horizontal centre lines. In
each quarter thus made one standard may be put, complete in all its details.

This sheetafter being traced will be photographed,so that four standards
will be on one sheet. After photographing, each standard may be cut up

into a sheetby itself, and perhapsa dozenor twenty of them bound in one
book, the coversof which may be formed of stiff drawing-paper,stitched
with strong twine.

An examplewill makethe aboveprocedureclear. Most drawing offices
have to use steam or water valves in some part of the work.

These mayJt>$y

either globepattern or L pattern, high pressureor low pressure,and

of castironor gun-metal.It is obvious
herethatsixstandard
books
wilN^e

made up, showingvalves,say,from i|-in. bore to lo-in. boreor thefeaBoiit,

risingin thesmallersizesbyJ in. eachtime,andfrom 3 in. to 7 in. by&jin
and thereafterby i in. The outer coverwould be marked,for instance
CAST-IRON

VALVES

220 Ib. per square inch
GLOBE PATTERN
STANDARD Vz

For standards
suchastheabove,whicharein everyday
useby a number ^^
of men in the office, it is usual to have several sets of each standard, which
will be kept in the safe and given out on the requisition of a section leader.
On no account should the tracings leave the safe, nor indeed any other
tracings, unless for photographic work or for modification, for the loss or
misplacement of a tracing is a serious matter entailing considerable work
and annoyancein having to be remade, as such may perhaps cause very

seriousinconvenienceat a very busy time, say when a telegraphicrequest
is receivedfor a photograph of some important part which has to be repaired
or replaced immediately.
Circulation of Drawings.-It
is important to have a fixed routine
for the circulation of drawings. Each department may have only a small
part to do on any one drawing, but it is general and even advisable to issue
the complete finished drawing in each case. It is general practice to do so,

becauseit savesthe preparation of severaldrawings-an important point
both as regardstime savedand the reductionof error, for the preparation
of each fresh sketch or order-form involves risk of error, particularly as
such subsidiary sketches would be left for juniors to make. Not only so,

butjt is a falsenotion of efficiencyto showa craftsmanonly the little portion of a job he must do. A better job is donebecauseof the knowledge
he has of the wholeand its generalpurpose,and he may be in the position
to savesomepart of the processby his practicalknowledgewhen he knows

3950
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what transformationsit must yet undergo. Incidentally,when this practice
is adopted,onetracing insteadof half a dozenhasto be altered,if an alteration be found necessary.

In designatingwhereprints areto be sent,it is desirableto mark departments rather than the initials of particular foremen,which is a common
practice in many places. For instance,in a large engineeringwork the
initial letters of the different shopsmay be used,as P. S. for pattern shop,
F. S. for finishing shop, similarly for erectingshop, smithy, boiler shop,
machine shop, dock engineer,works manager,&c. It is usual to send a
copyof all drawingsto the worksmanageraswell asto retain onefor drawingoffice use. Moreover, it may be necessaryto send one to the purchaser's
superintendent and possibly his inspector on the premises. In ordering

Fig. 9.-Circulation

of Drawings

photographsit should be clearly statedwhether thin, thick, or mounted
paper is desired, and also whether black-and-white paper or the more common ferro-prussiate blue print is required.
Up-to-date practice is to take only the tracings as authoritative text.

The drawingsafter being traced are usedno further, nor are they altered
if alterationsbecomenecessary. They are stowedawaysystematically,so
that, should the tracings be destroyed,the work could be gone over afresh
from the drawings. Drawing-officecopiesare printed off, and are marked
for drawing-officeuse only. These are the drawingsin use for reference
in the office. The tracings remain in the safe. Alterations are made to the
tracings and photographs only.

In order-sheetsthe designationsof the ordersmay be indicated on the
top, either in a printed form or put on fresh on eachsheet. The printed
form is preferable,with the initials of thosedepartmentswhich are not to
receivethe drawing crossedout. Thus a typical order headingwould be:
Copy sentto: P.S., S.S.,F.S., E.S., W.M., D.E., Inspector.
A glancewill showwhereeverythinghasgoneto, and its recall be easily
arranged if necessary
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Many order-sheets
areruledandprintedin considerable
detail,andonly
want a few sizesfilled in by the draughtsmanand completedby the tracing
or copying office. Indeed, these officescan do a considerableamount of
work which will savethe draughtsmen very considerable time.

For instance,

in the caseof a large piping-arrangementplan, it is usually necessaryto give
a list of all the pipes in the job with their distinguishingnumber, material,
thickness,andstandardpressure;alsoa list of fittings, and a list of auxiliaries,
such as the following:

Pipe No.

Title.

LIST

OF PIPES

Bore.

Material.

Thickness.

W.P.

Order Sheet
Page.

- { Main
steam
boiler
A from)
../ 5! in. W.I.

fin.

220

211

boilers
A and
B J 6^ in.
" { Main
steam
from)

fin.

22O

231

W.I.

&c.
&c.

LIST

Fitting
No.

Title.

OF FITTINGS

Bore.

Material.

Thickness.-

Order Sheet
Page.

W.P.

R.i3{ Main
onboiler
stop
Cvalve
j\ Siin.

Steel I in.

220

167

R.i4{Aux.
stop
on boiler
Cvalve
J\ 4 in.

C.I.

220

194

I in.

&c.
&c.

LIST

Mark.

XX
&c.

&c.

Size of

Size

of

Cylinder. Pump.
6 in.- 6 in.

6 in.

OF AUXILIARIES

Stroke.

12 in.

Style.

Maker.

Title.

Cap.

Duplex Blank,
Sanitary 7 tons
Blank& Co. pump per hour
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Now theselists will havebeenmadeup earlyin the job on foolscapsheets
for the sakeof orderingmaterial,andlong beforethe drawingsarecompleted.
In such casesit is only necessary
to hand thesein to the tracing room and
have them incorporatedin the drawing, indicating only the place and list
it is desired

to have traced in.

Correspondence.-There is an amazing amount of correspondence
passing through the drawing office, much of which does not materially
affect the drawing-officework, but which the draughtsmenshould seefor
purposes of information.

Unless the correspondence is kept in a very

orderly method, hopelessconfusionis likely to arise. It is necessary
to be
able to lay hands on particular lettersat a moment'snotice, as theseletters
may contain the recordsof decisionsarrived at in a very early stageof the
contract, and which it may be important to know and appreciateat a much
later period. Only copies of letters should be retained in the drawingoffice files; the originals of all incoming letters should be retainedin the
typists' room or in a generalreferenceroom. Copiesof incoming letters
should be kept on differentlycolouredpaperfrom that of copiesof outgoing
letters. A good practiceis to havethe former copiedon thin white sheets,
and the latter on thin yellow sheets. All these sheets should be of the same

size, and a stamp in eachcaseput at the top, giving necessaryinformation
of the processof circulationor designation.
The white incominglettershavea stampat the top,' such as:
Copy to: W.M., D.E., D.O., B.S.
Referred to: D.O.

Answeredby: F.K.
Ref.-FK/JAD.

and the outgoing letters:
Copy to: W.M., CH., D.O.
Ref.-FK/JAD.

The letters sent out the previouseveningaregenerallyavailablefor circulation in the morning. Of course the originals, probably signed or
initialled by the chief draughtsman,would be checkedby him beforebeing
sent off, so that there is no need for him to peruse these letters, but he should

read letters which are sent out by other departments. Having finished
lookingover the daily file, he will pas^it out to the assistantchief, who will
assort them under their respectivejob numbersand subject-matter,and
give them to the appropriatesectionleaders. The caseof incomingletters
demandsa little closerscrutinyfor anynew pointsof importancewhich will

THE

DETAIL

OFFICE

33

emerge.The originalsof thosereferredto thedrawingofficefor answering
will be retainedby the chief draughtsman,
whilstat the sametime copies
of all incomingletterswill be circulatedsimilarlyto theoutgoingones. The
sectionleader must peruse them carefully,and makea precis of the more

Fig. 10.-Circulation

of Letters in Firm

important onesin a book he should keepfor that purpose. The book will
have a column for the name of the firm from whom the letter came, and its
date, also short statement of contents written in pr&is form. It is desirable

to havea further column giving the date on which anything of importance
in the letter was given effect to.

Fig. ii.-Circulation

This means a little labour at the time,

of Correspondenceinside Drawing Office

but it is well repaid at a later period. After the sectionleader or one of

his juniors hasfinishedwith the correspondence,
it will beput in the office
filing-basket,from which the clerk or typist will takeletters once or twice

a dayandfile themin-the properfiling cabinet. Therearea greatnumber
of filing cabinetson the market,but for drawing-office
work a loosefolder
systemis themostsuitable,asthe lettershaveto beturnedup sofrequently.
VOL. I.

3
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One drawer of a cabinet will be used for one contract, which should be

clearly indicated on the label. A number of stout manila sheets,alphabeticallyindexed,will be in the drawer,andin eachlettereddivision a folder
for each firm under that letter will be inserted.

Each folder will contain

the correspondence
with onefirm on one subject.
Perhapsat this point it may be well to indicate diagrammaticallyhow
the incoming correspondence
in a large firm circulates,and the place the
drawingofficeoccupiesin the generalscheme(fig. 10).
The circulation in the drawingoffice itself is shownin fig. n.
Orders for Material.-Orders for materials,either on typewritten
sheetsor on printed order-sheets,
are generallysentout through the orderclerk in the counting-house. There may be very good reasonfor delaying
to issue these orders, but in such delay there is a distinct chance of the order

beingaltogetheroverlooked. At least,if the sendingout of the order-sheet
is all the drawing office knowsabout it, there is no chanceof a forgetful
orderclerk beingremindedthat the materialwill be requiredin a measurable
period of time, and if an order-sheetgets lost, seriousdisputesmay arise
as to which departmentwasat fault. In manycasesnow the original ordersheetsentto the orderdepartmentis not sentout, but is split up, if necessary,
for buying purposes,and a fresh order made,say on a differently coloured
paper. When this is receivedby the drawing office,it is a guaranteethat
the order has been passedthrough by the order-clerk.

The section leader

in his notebookfor order-sheets
will haveseveralcolumnswhich will clearly
mark its progressand destination,such as:
ORDERSHEETSFORJOB No.
Issued.

Page.

Title.

Prepd.

by.

From

Sent to

Copier. Retd.

P.S.

S.S. E.S.

Order

Order

Office.

Clerk.

1

All drawingsand order-sheets
issuedshould be stampedwith the name
of the firm, the department,anddateof issue. They shouldalsobe initialled
by the chief draughtsmanor his assistant.
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IV

Tracing Office
In the larger offices, women are now employed as tracers. Many
of the best technical men are by no means the neatest draughtsmen.

Whilst it is important to have drawings made carefully, neatly, and
to scale, it is of only secondaryimportance that the actual drawing
should be of a high finish. Neatnessof line finish is only an incidental
accomplishmentto the expert designer. But all the same,it is most desirablethat the prints sent down to the shopsshould be neat and clear. For
neatnessgirl tracerscannot be surpassed,and it is wonderfulhow eventhe
most complicatedand elaboratearrangement,say of generalpiping for a
large battleshipor liner, can be made clearby peoplewho do not know the
mechanical details or understand what each line signifies.

The tracing office is kept apart from the drawing office,but for obvious
reasonsshould be contiguous to it. It is under the charge of a head tracer,
who takes her instructions from the chief draughtsman and apportions the
work amongst her own staff.

Linen Tracings.-Most tracings nowadaysare made on tough linen,
made clearwith a highly starchedglazedsurface. The drawing is pinned
down, and a piece of tracing-cloth is stretched over it.

It is necessary to

tear off a strip along the borders, as at this portion the rolls are generally
wrinkled, and if this selvedge were allowed to remain on, it would be very

difficult indeed to get the cloth properly stretched. This stretching does
prove rather troublesome,as the tracing-clothis apt to stretch very considerably. It is usual to stretch it tightly over the drawing for an hour or
two, or, in the caseof a very big plan, overnight,before beginningwork on
it, otherwiseit would be found that if the tracingwereright over the drawing
in one place it would not be so in another.

Making the Tracing.-The

surface worked on is a highly glazed

surface. Water takes out the glaze by destroying the starched surface,

and makesthe cloth opaqueand uselessfor photographicpurposes. It is
thereforeessentialto take care that no watergetson to the tracing. Moreover, a crackin the tracing will showclearlyon the photograph,so the tracing
should never be folded, but should be either kept flat or carefullyrolled up.
To prevent the ink running on the surfacetoo freely, ground French
chalk is rubbed over it to enablethe ink to grip.

The purposeof the tracingis to obtainthe sharpestline photograph
possible. No half-tonesare required. For this reasonthe tracing-cloth
shouldbe as transparentas possible,and the ink as opaqueaspossible.
Many of the opaquepapershavea strong yellow tinge, and if an ink without
much bodyin it be used,we get either a faint blue background,whereferro-

prussiatepaperis used,or indistinctwhite lines,makinga more difficult
photo print to read than need be.
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Ordinary blue-blackor red writing ink is absolutelyuselessto get a clear
line. The main portion of the drawing,certainly,as well as the printing is
donein blackIndian ink. The ink shouldbe mixed freshly everymorning,
and grounddownin a white-enamelled
china paletteto a consistencywhich
will at oncerun freely and at the sametime give a perfectlyblack line. A
little gambogemixed with the ink helps to makeit more opaque. For
centre lines and dimension lines a less prominent line will do.

It used to

be commonto mix up crimsonlakewith waterto a very thin syrup for this
purpose,but it was not generallydenseenough,and haslargely given place
to the use of burnt sienna. Several firms, indeed, use nothing else but

black, chain-dottingcentrelines to distinguishthem from outlines. Where
it is desiredto showthingsfaintly, such as laddersand platformsabout an
engineinstallation,Prussianblue is employed. As a generalrule, tracings
should be made with firm, slightly heavy lines, if the most satisfactory work-

ing drawingsare to be obtained. Very thin lines do not comeup well in
the photographic process. Some of the inks can be washed out easily with

water, and it has becomefairly commonof late to use bottled waterproof
inks in the tracing office. These are much more difficult to erase. If alterations are desired in a tracing, it is better to have a small sketch of the alteration sent into the tracing office, and the erasureand alteration made there.
When the tracing is finished it should be checked,size for size, with the

original drawing, before being allowedto leave the office. The printing
and figuringshouldbeas clearaspossible,and,in fact, it is becominggeneral
practiceto toleratestraightup-and-downletteringonly.
Copying Order-sheets. - The copying of order-sheetsis generally
done in the tracing room. The old method was to press the sketch and

lettering throughfrom the originalsheet,by meansof carbonpapers,on to
the half-dozencopiesrequired. Modern applianceshave got rid of this
laborious and rather barbarouspractice. The order-sheet sent in from the

drawingofficeis only drawnin pencil. The tracersgo overit with a special
ink capableof taking a considerable
numberof copies. This is put on top
of specialgelatinesheetsand a roller run over it, so that an impressionis
taken on the gelatine. This gelatineimpressis now used as the original
to take the required numberof copies,generallyon thin tissues. Two or
more colouredinks can be used in the process,which leavesthe ordersheets very clear and satisfactory.

Severalodd jobs find their way to the tracing office,althoughit is not
strictly tracers'work. Thesearethe correctionof a numberof specifications
from an original copy, the writing up of the data-bookin ink, which has
been filled in in the drawingoffice in pencil. In short, the tracing office
doesany job arising in the drawing officethat callsfor neatness.
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V

The PhotographicRoom
Sun Prints.-In

the olden daysthe method of printing was for one of

the apprentices to run up to the roof with the tracing and put it in a flat

printing-frame, similar to that used by the amateur photographerbut of
course very much larger, and to leave the sun to do the rest. This method
is only tolerable where the number of prints required in a day is small. In
large offices, not only is someone required to take off prints all day, but a
much more rapid method is necessary. The photographic room has become
a well-equipped and indispensable portion of the drawing office. In an office
employing about twenty-five men, the writer has known 120 large photographs being taken, dried, and dispatched in one day, including all the necessaryindexing, &c. This keeps one man busy the whole day, as quite a number
of the prints are black-and-white ones, which take about six times longer
to print than the usual blue prints, and require considerably more washing.
Equipment of Photograph Room.-Not
only must the photographic
room be well equipped with an up-to-date electric printing-frame, but it
should have several large baths for washing, a plentiful supply of water, a
permanent squeegee,a good drying oven, and also a considerable number
of laundry rods for natural drying. A table with a hard wooden top should

be provided, a large steel straight-edge,or better still an automaticgrip,
and a deep-cuttingknife. Ventilation is highly important, as the drying
oven is generally a gas one. The fumes of the oven are apt to lie about the
room, and the process of natural drying is very slow if a good current of air
is not available.

Procedure

for

Obtaining

Prints.-When

prints are wanted, the

sectionleader wishing them entersup a requisition form, which is printed
in a small manifold book. Alternateleavesof this book areprinted perhaps
on pink paper, and haveperforationsfor detachingthem. The copy leaves
are unperforated and may be white paper. The ordinary carbon sheet is
used to get the duplicate. A sample page is given herewith.
JOB No. 531. Date 11/11/20.
TITLE:

Foundation

DRG. No.
CJ
o
-t->

No.

off.

Plans.

531/87-

Sent to

Kind

of Print.

s

I

D.O.

Ut

2

Jnspr.

2

Owner /\ Black-and-white
mounted

I

F.S.

I

E.S.

I

W.M.

o
izj

PH

Blue mounted
,,

thin

Blue, thick
»

»

thin
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blue print is the cheapestphoto print and the

one most suited to generalshop purposes. It costsless than a shilling
per yard.

Blue prints for mailing purposesare taken on a very thin paper. For
machineshops,wherea print will be required a greatdeal,andwhereit will
probablybe pastedup in framesto keepit flat and to preventit from going
amissing,a mountedblue print is preferable. This is a paperblue print
mountedon a tough linen backing,and it forms a very firm print indeed,
beinglike a thin cardboardwhen washed. Sometimesa linen cloth is used.
This is durable,very soft, and is suitablefor folding, but the parts of the
fold are apt to rub off.
Prints which have to be coloured, say for the approval of owners, are

generallytakenon black-and-whitepaper,i.e. blacklines on a white ground,
and if occasion demands it, on black-and-white mounted paper. This

paper is much dearer. It costsprobably four times as much as the blue
paper, and it takes longer to print. The white ground if slightly underexposedis apt to look dirty, and if slightly over-exposed
the lines may,if
traced thinly, comeout rather faintly.
Printing
Machines.-A
fairly common type of printing machine is
one formed of two semicircular cylindrical piecesof plate-glass,which together
form the curved wall of a cylinder which is open at the ends. Two prints
are usually put in at the sametime, one on one semicircular portion and one

on the other portion. An arc lamp is hung from the roof over the centreof
the cylinder. The cylinder swivels, so that it may lie horizontally when
putting in the tracing, the face of which lies against the glass. Over this

is placedthe photo paper, and then a felt backingis strappedon to keep
it in position. When theseadjustmentsaresatisfactorilymade,the cylinder
is tilted on end so that the electric lamp may travel down its axis. The

speedof travel of this lamp is adjustedby a clockworkarrangement. As
the lamp falls gradually to the bottom the light is reflectedon to the glass
and the tracing, which it penetrates. The light affects and fixes in some

degreethe chemicalsurfaceof the paper, The black lines of the ink prevent penetration,and the unfixedchemicalsaredissolvedawayin developing,
leavinga white line on a blue ground, or a black line on a white ground,
and there are papers with white lines on brown grounds, &c.

The defect

of this type of frame is that the length as well as the breadth of the print
is limited, at leastwithout folding and to someextentdamagingthe tracing.
"Not only so, but unlessthe lamp has been carefully wound clear of the
frame, it may be broken in swingingthe frame to the horizontalposition.
The semicircularcylindrical glass,moreover,is very costly to replace,and
awkwardto handle in such a contingency,and the portion of the print at
the bottom is liable to have longer exposurethan the top portion. The
latter defectbetraysitself in a slight unevennessof ground-tone. Of late
years a flat plate-glass horizontal frame, which works on an endlessroller

system,has been introduced. This frame takes prints of any length, say
thosecommonin shipyards. The arc lamp travels horizontally at a fairly
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quickspeed,and on eithersideof it is the flat plate-glass
of the width of
the machine. A print can be taken on either side, and eachside can be
gearedto differentspeedsof feed, so that they may be kept gearedone for
blue prints and one for black-and-whiteprints. The lamp travels backwards and forwards like a shuttle, and is operated by an electric switch.

The frame is never removed,so there is no dangerto the lamp, and if a

Fig. 12.-Haldcn's Duplex Radial Electric Photo Copying Frame. Prints being inserted.

sheetof glassdoesget broken,there are generallya number of spareskept
so that it can be replaced very quickly and readily.

Printsof both circular andflat glasstypesof machinesareshown(figs.12to
14). The former is technicallyknown as Messrs.Halden's Duplex Radial
Electric Photo Copying Frame, and the latter is the samefirm's Double Pattern

Single-lampType ContinuousElectric Photo Copying Machine, and both
are shownby the courtesy of Messrs. Halden, who very kindly supplied
the blocksfor theseillustrations. In the caseof this latter type, the singlelamp type hasnow almost entirely supersededthe original machine,which

4o
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had two or even three stationarylamps insteadof one moving arc lamp.
The currentconsumedis less,and lessexpenseis entailedin replacingchim-

neysandcarbons;moreover,
the glasses
canbe placednearerthe lampas
a lessamountof heat is generated,
thus avoidingto someextentthe danger

to the glassby overheating.Printscanthereforebe takenasrapidlywith
one lamp as with several,and a more evenexposureis obtained.

Fig. 13.-Halden's

Duplex Radial Electric Photo Copying Frame.

In position for photographing.

A recentlyimprovedform of machine(fig. 15),alsosuppliedby Messrs.
Halden,hasbeen put on the market,calledthe RowsleySuper-continuous
Electric Photo Copying Machine. It is claimed for the machine that it is
more economical than previous patterns in the use of electric current and

that it enablesthe operatorimmediatelyto increasethe output.
The tracingand photographicpaperare fed from a table,and are taken
closeup againstthe glassby slow-movingrollers. When the end of the
tracingcomesout, the photographerdrawshis knife sharplyalongthe photo
paperat the top of the table,which is a glassslab,and lets it work its way
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Fig.14-Halden's
Double-pattern
Single-lamp
TypeContinuous
Electric
Photo
Copying
Machine

downin afewmomentsto thereceiving
troughunderneath.A considerable

number
ofphotographs
maybetakenoffbefore
thewashing
process
is begun.
Oftenthephotographic
roomis placedhighup in thebuilding,a relicof
thetimewhensunprintingwasthecommon
practice.Thisis oftenrespon-

sibleforaninsufficient
supplyofwater.Thebathshould
bekeptperfectly
clean,
asconsiderable
sediment
comes
offsome
of thephotopapers.Indeed,
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the ideal systemis to havea continuallyrunning supply,so that the bathis
kept constantly fresh. The photograph is immersed,and a small hose
madeto play on it to drive off everyparticle of surfacechemical. Separate
bathsshould bekept for black-and-whiteprints and the ordinaryblue prints,
if satisfactoryresults are to be obtained. When thoroughly washed,the
print should be drawn through a squeegee,permanentlyattachedto the
side of the bath, to take off as much of the surplus water as is possible. If

the groundwork of black-and-whiteprints comesup slightly muddied,it
may be chemicallytreatedto bring it up white, but greatcaremustbe exercised in this treatment lest the black lines of the drawing should get obliterated.
It may be of some interest to the operator, or draughtsmen with some

knowledgeof chemistryor photography,to briefly indicate the chemical
reactionswith either the ferro-prussiateblue paper with white lines or the
ferro-gallic white paper with black lines.

In the former the paper is coated with potassiumferricyanideand
ferric compoundof iron. When exposedto the influenceof actinic light,
either from the sun or the electric arc, part of the iron in the sensitive

compoundsis changedfrom the ferric to the ferrous condition,which with
potassium ferricyanidegives an insoluble blue compoundwhich is precipitated on the paper. Side by side with this reaction a portion of the
potassiumferricyanideis reducedto potassiumferrocyanide,which, with
the unchanged ferric iron, also deposits a blue compound on the paper.
The net result is that a complex mixture of blue compounds is laid down

on that portion of the paper, i.e. the background,which has been submitted to the ultra-violet rays.

The portions unaffected because of the

protectionaffordedby the ink on the tracing are washedawayin the bath,
leaving the white lines on a blue ground.
Similarly with ferro-gallic photo paper, i.e. paper which gives black

lines on a white ground. In this casethe paper is coatedoriginally with
a solution of iron salts, the ferric compound being reduced by the action
of light to the ferrous state. The paper is now treated with a solution of
gallic acid, which changesthe ferric iron on the parts shielded from light

into a bluish black compound. The exposed portion, where the transformationfrom the ferric to the ferrous state hastakenplace,is unaffected.
In water bath, or one bath ferro-gallic paper, the coated material
carries its own developer in the form of a powder on the surface. With
this paper, on immersion in water, after printing, the ferrous salt, with
the gallic acid in contact with it, is washed away, leaving fixed on the

paper the black compoundof ferric iron and gallic acid.
Drying of Prints.-The prints arecaught by spring clips at the edges,
and hung up to dry. It is better to let the prints dry naturally, as artificial
drying is apt to distort them badly, especially where they dry last.

Register of Prints.-A photo register is kept by the photographer,
showing when eachprint was sent out, and what was its destination.
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The

Safe

The protection of drawings,tracings, and books, from loss by fire,
theft, or carelessdestruction,is important. The safeis usually a strongroom, a room built of brick and iron, asbestos-lined, and provided with
steel-shuttered windows and steel doors. The safe may be of con-

siderabledimensions,and is generally staffed by a man in charge and
one or two office-boys. The safe should be well fitted up with drawers,

pigeon-holes,
serving-table,
voice-tubeconnectionsto chief'sroom and other
departments,
and shouldbe well lit and ventilated.
Whena new tracingis madeand checked,it should be at once given
into the custodyof the safe-man,who will enter it up in his book, alsothe
date of receipt. This entry will be transferredto his permanenttracing
register,whereit will be enteredunderthe properjob and drawing number.
The original drawing, which will be passedin at the same time, will be filed

away,probablyin anotherpart of the building, as it will not usually be
requiredagain. In any particularjob the drawingsmay number anything
from 20 to 200, and probably in certain casesmany more. It will usually
be found undesirable to roll up more than ten or twenty tracings together.
Drawings i to 10 will be in one roll, n to 20 in another, and so on. These
rolls are best kept in japanned tins to keep them from dust and damp, or,
failing that, in canvascovers. They should always be very carefully rolled
up and handled, the surface never being cracked nor the corners allowed
to be folded back. Every crack in the tracing means a line not intended in
the print.

Tracingsare only given out for photographicpurposes,or when it is
intended to alter the tracing; and when a tracing or a print is given out,
the date of issue and the draughtsman's name should be jotted down in a
day-book kept for that purpose.
When a new tracing is given in, the safe-man should see to it at once

that theproperofficecopiesaretakenoff, asprints arenowalmostuniversally
recognizedas the standardform of drawing-office copy.
The sameprocedurewill be adopted with the prints and sketchesreceived

from outside,or copiesof sketchessentout, exceptthat, in the latter case,
it would be the only availablecopieswhich would be given out when
required.

All the order-booksarekeptin the safe,and occasionally
the data-books,
althoughtheselatter aremoregenerallykept in an ordinary small iron safe
in the chief draughtsman'sroom.

Estimatedrawingsare, of course,enteredup in an estimate-bookand
filed awayappropriately.
In the best firms no one but the safe-man, and whatever assistants he

has,entersthe safe,all transactions
takingplaceover a counter. The drawing
requiredis calledin, and it is usuallyleft to one of the office-boys,attached
to the safe,to bring it down to the draughtsmanwho requiresit. These
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boys generallydo any clearingawayof bencheswhich may be necessaryat
night.

A well-kept safe not only ensuresthe safe custody and well-being of
records contained therein, but facilitates the usual routine work of the office

in providing what is requiredwith the minimum delayand vexation.
Evolution,

not Revolution,

desirable in Drawing

Office.-Such,

in

outline, is the usual office organization,which we havediscussedless in a
systematic theoretical manner than as good common practice in many

offices throughout the country. There are many items of organizationto
which radicalalterationsmay be madewith advantage,but we haveto considerthat, in mostcases,evena relativelysmallalterationto modesin common
practice may produce very considerable dislocation for a time. An alteration

in the sizeof order-books,for instance,or the sequence
of their pages,causes
a certain amount of confusion in an office, becauseall the old records are

done in another fashion. This point can only be appreciatedby those
who actually have worked in an office at the time of such changes.
The Human Element.-To the ordinary draughtsmaneachindividual
job is a job by itself which he must seekto do as satisfactorilyas possible.
He follows the instructions of a senior,and if he interprets them intelligently

he is not likely to go far wrong. To the sectionleadereachjob is merely
a small thing in a very large contract; he has to look a good deal before
and after, and may, out of his long experienceand knowledge of what may

be expectedat a later period, makemany decisionsand give many instructions to a junior which do not at the time appear very convincing. The

contractsin the engineeringindustry are so large that large sumsof money
are generally involved in the smallest decisions, and mistakes are likely to
be very costly ones. It is therefore necessaryto let men think out the tough
problems that fall to their lot, and it is a false economy that keeps the section

leader'snoseto the grindstonewhen he can perform a much more valuable
service in supervisory and advisory work.
The work of the chief draughtsman, whilst it includes that of the section

leader, calls especiallyfor personalqualities. He must seeto it that no
serious friction arises in the office, and that information is freely given.
Occasionally serious errors result from feelings of jealousy and bad feeling
which prevent one man giving another the fullest information. It depends
very much on the character and tact of the chief, whether this spirit or one

of good fellowshipshall obtain betweenthe membersof his staff.
There is a tendency with the larger firms to achieve efficiency by means
of stringent discipline. Discipline, of the Prussian type, can be carried too
far-better results can often be achieved by giving conscientious men some
freedom of action. It has become very frequent of late to introduce timeclocks into the office. No one, of course, denies the value and desirability
of punctuality, but it must be remembered clocks measure time, not work
done.

Grievancesshould never be allowed to grow, but should be attended
to at a very early stage. Frank and free discussionwill frequently remove
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the most serious misunderstanding, and it should be realized that serious

grievancesare often due to, and are kept alive by, a lively senseof some
real or supposedinjustice. Such grievancesare seldomconfinedto individuals, but quickly spreadto large bodies of men. Fortunatelywith tact
they canusuallybe met and rectified.
Oneor two other points of a generalnature haveto be considered,and,
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Fig. 16.-Relationship

of Officials

although they do not enter into the daily routine of drawing-office work,
they can be quite justly considered under the heading of organization.
One is the question of apprentices' entrance to the drawing office. From
the nature of things, no universal system of recruiting drawing offices exists,

nor is any standardof efficiencyand ability demandedfor full membership
of the profession, although it is obvious events are moving in that direction.

The dayis possiblymuchnearerthan manypeoplesuspectwhen draughtsmanshipwill be a professionlike medicine, the law, accountancy,&c., in
which qualifying examinations are necessary.

A practice,in someof the leadingfirms at present,is to staffthe drawing
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office with men selected as a result of an examination held by the firm.

Wherethis courseis adopted,the examinationis confinedto the firm's own
apprenticeswho have had at least two and a half years' shop experience.
Thosewho receivethe highestmarkscomeup to the drawing office if their
works record is satisfactory,and this policy ensuresa leaven of practical
experiencein the drawing-office staff.
Design of the Drawing Office.-Another

point of organization which

Office

^ to detail Office)

Fig. 17.-Arrangement of Offices

is worth considerationis the dispositionof the variousdrawing-officedepartments. It is advisableto havethem all on one flat, if possible. Certainly
all should be in close proximity, and the chief draughtsman's room should

be in a centralposition and easily accessibleto all departments. A very
satisfactory arrangement is shown in fig. 17.

The method of arranging the boards,the question of how they shall
face,and how the light shall comein, the convenience
of lockers,the places
to lay drawings,the height and positionof them to entail minimum fatigue,
&c., must all be carefully considered.
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Pattern-Making
Introductory
THE

CRAFTSMAN

The work of a competent pattern-maker is both exacting and comprehensive. He must be skilled in woodwork, an accomplishment which
he shares with the carpenter, joiner, and turner, who, however, may not
understand how to construct patterns that will deliver from the sand, how
to economize in material and avoid the employment of complete patterns by

the substitution of skeleton-likestructures,how and when to use sweeping
boards, sectional pieces, or cores.
He has to know the best methods of countering the effects of the damp
sand on porous timber, by the judicious employment of open joints, of
segmental pieces, and of framed structures of many kinds.

He has to be fully conversantwith the different systemsof moulding
-green and dry sand, and loam-and core-makingin all their branches,and
with the handling of light and heavy work.

It is necessaryto be familiar

with the evils that result from shrinkagesin unequallyproportionedcastings.
He is primarily responsible for the methodsof moulding (since he
has to determinehow patterns shall be constructedfor the mould joints),
for ramming and delivery, and for the determinationof upper and lower
faces for pouring.

An intimate acquaintancewith the operationsof the machine-shopis
necessary,
as machining allowancesvary considerablyin different classesof
castings,while the variations that occur in similar piecesare often large,
dueto the presenceof hard cores,the strainingof top-boxes,the absence
of
risers, and the differences

between the results that are associated with the

practiceof hand-rapping and deliveryand machine-moulding.
Elementary knowledge of arithmetic and geometryare required for the
estimationof weights and the laying out of work. In all shops somemen
haveto specializein toothedgears,or in motor-work,or marine-castings,
in
plating metal patterns, in odd-sidework, and so on. In truth, the craft of
the pattern-makeris a many-sidedone.
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CHAPTER

The

I

Elements

Pattern-workincludestwo very broad aspects,that of the methodof
mouldingto be adopted,andthat of theactualconstruction. It is necessa
to determinethe first beforethe secondcanbe proceededwith.
i.

METHODS

OF

MOULDING

Castingsmay be madefrom (a) completepatterns,(b) incompleteor

skeletonpatterns,(c) loam patterns,(d) moulds swept directly in loam.
(#) Completepatternsare thosewhoseshapes,exceptfor cored portions,
are identical with their castings. With the employment of these, many
side-issuesare involved: the directions of their jointing; the amount of
shrinkageallowanceand taper; the adoption of middle parts, loosepieces,
and drawbacks or false cores; and the formation of internal portions by
self-deliveryor with independentcores.
(ft) Incompletepatternsare made of strips or frames that have the outand-out dimensions and the main contours the same as for their castings,
but which leave interior spaces to be completed with sand cores, or with

strickles. The object here is to economizetimber, and incidentally to
lessen weight.

(r) and (d) Loam patterns,and mouldssweptout in loam are only used
for circular bodies,so that flanges,bosses,and bracketsmust be prepared
in wood as complete pattern elementsand attached to the main pattern
or set

in

the

loam.

On the pattern-makerfalls the responsibility of deciding by which of
thesemethods the pattern-workand the moulds are to be made. In many
the most suitable method is self-evident to a man with experience
Full patterns are alwaysmade for work of small and medium dimensions
Skeletonpatterns,thoseof loam and loam moulds, havepreferencefor very
large articles, but subjectin a measureto the number of castingsrequired.
A Minglecasting,though of medium dimensions,would seldom have a full
pattern, provided its shape were suitable for skeleton construction or
sweeping; a large one, if repeatedin considerablenumbers,would. The

problemalwaysisjust oneof the relativecostsin thepattern-andmouldingnhops, A largepatternis expensive,
but sois a largeloammould,for which

numerous attachmentsmay have to be prepared. It will often happen
thereforethat a quantity of castingsof large dimensionscan be more cheaply
made from a skeletonpattern, perhapsfrom a completeone, than from loam

mouldsor loampatterns. In sucha casethemoulderhasa grievance
if the
pattern-shopsaddleshim with unnecessary
expense
in order to lessenthe
of its own department.
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(a) Complete Patterns.-In these,the first questionthat arisesis
that of the directionor directions of jointing the mould,with the usual
thoughnot necessary
concomitant,that of jointing the patternsimilarly.
This very often admits of alternative

solutions.

In a fair number of

instances,
only one is practicable,thoughothersmay be possibleif the
cost of mouldingis overlooked. The bestway to approachthe subject
is to considerthe simpleelementarygeometrical
formswhichareconstantly
recurring.

Jointing.-All moulds, except the
relatively very small number which are

" open", comprisebottom and top
portions, included in bottom and top
box-parts (" drag " and " cope "). An
exception occurs in bedded-in moulds,
for which the bottom

box is not re-

Fig.i.-Patternof Sheave
Wheelbuiltup

quired. The jointing between top and

bottomis determinedby the facility affordedfor deliveryof the pattern,
with the least risk of damageto the mould, and bearing in mind too the
extent of subsequentdetailsof finishing, coring, and of pouring, and the
disposition of upper and lower faces. This latter consideration is most
important when tooling enters into the case,since machined portions must

be free from specksand blowholes. In general,if one portion is of greater
depth than another, the deeper sectiongoesin the bottom. The reasonis
that it is much better to withdraw a pattern from a bottom mould than to
lift the top sandoff the pattern. This is not alwaysnecessary,
becausewhen
a top box-part is turned
over, and the pattern
parts along the joint, the
upper portion can be
left

loose

from

that

below, to come up with
the top sand, and be
withdrawn after turning
OVer.

Fig. 2.-Pattern

of Trolley

Wheel built up

Elementary sections

that deliver well are illustrated in many subsequentdiagrams. The

patternsmay or may not be jointed alongthe sameplanes. Very often
they are not; seldomin those of small dimensionsused by brassmoulders,
becausedowelswork loose with usage,and the edgesof the pattern parts
overlap. When unjointed, the moulder makes the joint face, guided by
the eye alone,or, in repetitive work, some form of joint-board, odd-side,
or plate is provided.

In manyinstances,the pattern joint cannotcoincidewith that of the mould
(fig. i and fig. 2 are typical examples). The patternsmust have divisions
to permit of withdrawing them from the moulds,but the joints of the latter
do not coincidewith thoseof their patterns. In the examples(figs, i and 2)
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the mould joints are madealongthe centresof the convexedges,but the
pattern joints are elsewhere.

Taper.-The deeperthe mould, the more difficult is the pattern to withdraw and the greaterthe care that must be exercisedto avoid disturbingthe
sand. The first inch or two is the stageat which fracture of the sandis
most likely to occur. After the
pattern has been loosened by
rapping, and drawn slightly out
of the sand, the principal care
necessary for the remainder of

the lift is to keep the pattern
level, the difficulty of which increasesdirectly with area. Slight
rapping is continued until the
pattern, by reason of its taper,

has clearedthe encircling walls
of sand. Taper or draught there-

Fig.3.-RibandBoss
dowelled
tocome
withTopBox

fore assumesmuch importance.
Its amountvarieswidely. Some
patterns have a large amount, in

localities where it does not interfere with the fitting of parts, as on the
outsidesof deepbedplates,of sewerboxes,of machineframes,or of stiffeningbrackets. No rule can be stated to meet all cases,but commonpracticeis
to give \ in. to \ in. per foot of depth.
Loose pieces.-These are a particular provision, made to ensure free

delivery of portionson pattern sides,without makingdown-joints. In some
cases they afford alternatives to
coring and to drawbacks or false
cores. In others, as in copes,pieces
are often left loosely on the main
pattern (figs. 3 and 4) in order to
permit of their being taken out of

the mould after turning the cope
over in preferenceto lifting the

Fig.4.--RibdoweUed
tocome
withTopBOX

mould off them. In the latter case,
the alternative is to impart as much
taper as is permissible to the portions that come in the top, and to
avoid keen edges and angles there.
In a sheavewheel the convexity of

the Internal rim (fig. i) provides for a free delivery. In a trolley wheel,
internal

taper and a well-rounded edge are necessary. Top bosses are

almost invariably left loose, unless they are very shallow. Thin facing
piecesand core prints are fast, but thesehavewell-taperededges.
Generally, when loose piecesare visualized,the most frequent caseof
those attached to the vertical sides of patterns occurs to the mind.

In the
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typicalexample
(fig. 5) the top flangeis fast to the pattern,but the rib

belowandthemiddlestripmustnotbe(apart
fromtheemployment
ofa

drawback
plate). Loosepiecesarelocatedduringramming,
eitherwith

skewers
or withdovetails,
thefirst-named
beingremoved
duringramming,
previous
to thewithdrawalof thepattern.
Obviously,beforea loosepiececanbe drawninwards,theremustbe an
openspace
largeenoughto receiveit. If, in fig.5,thepieceshavetobedrawn

intothenarrowspaceleft on thewithdrawal
of themainrib, theymustbe
thinnerthanthe spacethickness,
asis thecasein A. But thebottomstrip
in c is thicker,henceit mustbe dividedinto twoor threethicknesses,
oneto

followtheother.Sincethepricker
hasto beinserted
diagonally
(B),getting
the piecesout of so deepa

space
is troublesome,
and

C)

no mending-upor cleaning
can

be done

breaks

if

down.

the

sand

But

the

conditions
the interior

are altered
if
has to be taken

out

cores,

with

or

if,

thoughrammed wholly in
green sand,the ramming
is done on a grid that
permits of the removal of

the interior mould. Ample
space is then left, into
which strips of greater

width than those shown
can be withdrawn.
even then

there

are

But

B
Fig.5.-Loose
Pieces

limi-

tations to the widths that can be dealt with in this manner, where fracture

of the sand and convenienceof cleaningand blackeninghave to be considered.

Drawbacksor false cores.-Theseavoid this awkward method of withdrawal,but they have a vastly wider scope. They are either grids or plates
on which outer portions of mouldsarerammed,to be lifted bodily awayfrom

thepattern,to be replacedandresetaccurately
by someform ofjoint between
theplate,or its sand,andthe sandin the mainbodyof themould. This is
capable
of veryextensiveapplications,
sincethereis no limit to thewidth of
the encirclingportions that can be carriedthus.

Internalportions, Cores.-The conditionsthat control the deliveryof
internalpartsdiffer from thoseof external. Thus,it will be obviousthat
depthsanddiametersare related. A shallowholewill deliversatisfactorily,
thoughit hasbut a slightamountof taper. A deepholeof thesamediameter
will not, and therefore it mustbe takenout with an independentcore. Frames

of largedimensionsmaybe regarded
aspatternshavinglargeholes,relatively
shallow. They deliver freelyaswellwithinaswithout,andtheyaretapered
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by the sameamount. The questionof coring scarcelyariseshere,but it does
in all cases where

interiors

will

not deliver.

The plain interior of a casting,made by rammingsandwithin a pattern
which is the exact replica of its casting, may be termed a core. But the

acceptedmeaningof the termis, a bodyof sand,generallydried,rammedin
a box distinctfrom its pattern,andinserted,andlocatedin themouldby the
impressionof a core print attachedto the pattern.

The alternativeof coringan interiorto makingthe patternlike its casting
arises. In the majority of instancesno doubtexists. No intricateshapes
can.be delivered. These must be rammed in a separatebox or boxes,and
inserted in the mould.

In some instances it is more convenient to make

cores than to self-deliver. In a fair number of casesa core is preferred,

because,
usingprints,a stronger
patterncanbeconstructed
thanif thetimber

pjgek-Skeleton Frameunitedwith Halvings,with InteriorStrickled

werecut awayto allowthe interiorto deliver.Lastly,projecting
portions
arefrequentlycoredoverin preference
to makingajointin thepattern,or
" down-jointing", or to employingloosepiecesor drawbacks.

(6) SkeletonPatterns.-Patterns
of largedimensions,
andthoseof

moderatesizes,when they are of shapesthat wouldrequireconsiderable

quantities
of timberandmuchtediouscutting,arenotmadeof solid,continuousstuff, but are of moreor lessopenconstruction.The numbersof

mouldsrequiredcountin thisscheme,
sothatwhilea skeleton
patternmight
be usedfor a few castings,
a completepatternwouldbemoreeconomical
for
large numbers.

The openframe(fig.6) is thesimplest
example
of theskeleton
pattern.
Narrowstripsjointedat the corners
providetheoutside
dimensions.
The
interior is strickled,or it is occupiedwith looseremovable
strips(fig. 7) for

repetitive
mouldings,
thelatterbeing
bettertoramthecope
onthansand
is.

The samemethodis employed
for platedportionsthatarecurvedin outlines

(fig*8),but withincreased
economy,
because
moretimberandlabourare
required
for working
these
thanfor planeframes.Herethestrickle
maybe

used,or stripsbefittedatintervals
to forma discontinuous
guide,thespaces
between
the stripsbeingfilledwith sand,to be rammed
on. Thismethod
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is extensivelyadoptedfor large cylindrical bodies, which would be most
costlyto shapein solid timber, and be very heavyto handle.

Fig. 7.-Skeleton

Frame with Dovetailed

Corners, and Interior

occupied with Loose Boards to Ram upon

(c) Loam Patterns.-These
(fig. 9), of cylindrical form, are swept on
bars when they are too small to be swept in loam moulds on bricks, and

Fie- 8.-A

Curved Tank Plate with Interior

Strickled

too large,having regardto the numberof castingsrequired,to bearthe cost
of timber and labour.

Fig. 9.-A

The field for their employment is thus rather re-

Pattern Column swept in Loam, with Flangesof Wood

stricted. They are awkward to handle, being heavy, and do not deliver
cleanlyfrom the sand,especiallyin the cope,because
their surfaces
arerough,
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and they are unjointed. All non-symmetrical
fittings,as brackets,feet,
bosses,andflanges,if large,arepreparedseparately
in wood,andattached
to
or laid on the loam pattern. A large number of mouldscanbe takenfrom it,

sinceit is hard,and its surfaceis protectedwith a coatof hot tar. Among
the articlescommonlymadethus are cylinders,e.g.for hydraulicmachines,
for Corliss engines,for largegas-engines,
and for pumps. Allied to this work

is that of stricklingpatternsof bendpipesin halves. The loamis swepton
grids; and flanges,feet, or other attachmentsarepreparedin wood and fitted.
(d) Swept Moulds.-Moulds are swept in green sand and in loam
to avoid the expenseof completeor of skeletonpatterns. The scopeof the
first is limited becausethe fragile characterof greensand doesnot permit
of deep sweeping. That of the secondis very extensive,and is practically
the only method availablefor very large cylindrical moulds. In somedetails
where contours are irregular and unsymmetrical,loam is laid and worked
against pattern parts of wood embedded in it. But the main moulds are
swept to their symmetrical profiles with boards attachedto a central revolving

bar, set concentricallyin a stepbearing, and their main coresare swepton
the same or a duplicatebar.
From

these elements we turn to the consideration of the most suitable

methods of pattern construction.
2. PATTERN

CONSTRUCTION

The pattern-maker'scraft differs in manywaysfrom that of the carpenter,
joiner, and wood-turner. The first and chief contrast lies in the necessaryprovisions that have to be made for delivery, taper, and the other matters
instanced in the preceding division. In addition, measureshave to be taken
to

minimize

the

effects

of the severe

and

destructive

treatment

to which

patterns are subjected. It is that of insertion in wet sand,of rapping,and
delivery, alternating with storage, and what is as injurious, the alterations
that have to be made in many patterns from time to time. And, in all but

highly standardizedwork, wood aloneis used,yellow pine mostly, soft and
porous, and mahoganyto a limited extentfor small articles.
Very broadly, pattern constructionfalls within threegreat groups: plane
areas,cylindrical articles,and circular work.
Plane Areas.-In dealing with these the aim is to lessenthe widths
of individual piecesto relatively narrow strips in orderto localizethe expansion due to moistureand the shrinkageconsequenton storage,which regularly
alternate. The solid glued-up table tops and side-boardsof the cabinetmaker have no analoguesin pattern-work. Instead,wide piecesare always
made with " open joints " (fig. 10), that is, a spaceof about J in. or lessis
left between strips, to the extent of which they are free to expandwhen
moisture is absorbed, so that the out-and-out dimensions of a broad width
are not affected.

Since the edgesof the open joints are not united, there is no cohesion
between the piecesas there is when edgesare glued,nor canthe pieceslie
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flat. The method adopted therefore is to drive into the adjacent edges
tightly-fitting dowels, which prevent the faces from getting out of level.
The strips are maintained in one plane by the attachment of flanges,ribs, or

other pieces, as in fig. 10, or, if
thesedo not happento be available, then temporary battensare
screwedacross, the impressions
of which
are " stopped-ofT" in
the mould.
An alternative
to

this, which can be adoptedwhen
the plated portion lies horizon-

tally, is to make an open frame,
jointed at the corners, and to fill
up the interior with loose strips

(%.7)-.

Boxing-up.- This, except in
narrow widths, is combined with

openjointing.

It is adoptedin

all rectangular sections that are

too large to be cut from solid
plank, and is the only way in
which swelling and shrinkage
can be avoided in these. Longi-

tudinal strips are screwed to
cross-bars, a single strip for

narrow sections, severalstrips
with open joints for the larger

Fig.10.-Portion
ofBoxed-up
Bed,
showing
Open
Joints
andCross-bars

dimensions.

In theseconstructions
theverticalpiecesshouldoccupytheentiredepth

of the pattern,asin fig. n A,B,andshouldneverlie between
thetopand
bottomplates,asin fig. n, c. The reason
is, that the deliveryof the
first is clean,that in the secondis not, because
a veryslight shrinkage
of

Fig. ii.-Right

and Wrong Ways of Boxing-up

thestripsproduces
lappingedges
thattearup thesand. Alsoit is better
to fit the pieceswith a rebatedshoulder
(A)thanto makeabuttingjoints
only (B).

Cylindrical Articles.-Theseincludeengine
cylinders,
pumpbarrels,
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pipesandcolumns,
andworkof whichthese
aretypical.Onlywhenthese
areof smalldimensions,
sayof 6 in. diameter
andunder,aretheymadein

solidstuff,usually
jointed
along
thecentral
plane
anddowelled.
When
of

overthis sizethepatterns
arebuilt up withnarrowstrips,gluedon cross-

pieces,
located
atshortintervals-"lagging
". Thismethod
isadopted
up

to thelargest
diameters
forwhichentire
patterns
ofwood
areconstruct
As diameters increase, the numberof lagsis multiplied. In all
casesthey are very narrow to

localizeshrinkage,rangingwithin small limits, say from 2 in.
in small bodies to not more than

5 in. in the largest. It is neces-

saryto securerigidityaswell as

. 12."Ring
builtwithSegments

freedomfrom changesof form.
Strips must not be too thin,
nor may the cross-bars be
spacedvery far apart. Proportions .aregovernedby diameter
and length. Subsequentdraw-

ings(figs.34 and35)indicate
suitable
proportions.
Goodclosejoints
mustbe madebetween
adjacent
edges,
andbe unitedwith glue. If the
workis donecarefullyandwell,andseasoned
stuffused,thepatterns
will
retaintheir accuracy
for an indefiniteperiod.Thereare detailsin the
methods of construction that are dealt with in later sections, where

examplesof work are illustrated.
Circular Work.-This is built up with sectorsof circles-" segmenta
work ".

Obviously, if rings

were cut from solid material,

they would shrink into elliptical

forms, and fracture

alongtheshortgrain. Built
with sector piecesoverlapping," breakingjoint ", they
mutuallyreinforceeachother,
shrinkageis minimized, and
Fig. 13.-Semi-spherical Pattern built up

the circular shape is main-

tained. (See Chapter II,

Section3.) To securethis result perfectly,it is necessary
to limit the

lengthandthe thickness
of the individualpieces.Thosetoolongwould
shrink in width, and those too thick would shrink and lack something of

reinforcement
by otherpieces. The maintenance
of ajudiciousrelationship
between
theseproportions
is necessary
to secure
permanence
of form. This
methodof building-upis suitablealikefor ringsthat are shallowor deep.
The shallowerthe work, the thinner the sectorsare. A thin flangeof large
diametershould not be built in less than three or four courses. Rings of
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all sections
are madein thisway,parallel(fig.12),bevelled,
andsemi-spherical
(%" I3)- The piecesaregluedsingly,with carefullyplanedjoints,checked
with chalk. In generalit is not necessary
to reinforcethe joints, but asa
precaution wire nails are frequently driven in.

When the sectionof a

patternis that of a cone,asin the rim of a bevelwheel,or hasanycurved
outline,woodenpegsarepreferable,
because,
if theyshouldhappento come
to theexterior,theywill notdamage
theturning-tools.
Methods of Union.-The
union of elements is in some respects
peculiar to pattern-work, being due to the necessityof making alterations
from time to time. The tenon and mortisejoint is seldom used. Other
forms of joints are frequently not glued, but screwedonly. Unions of a
more or less temporary charactermade with battens, the impressionsof
which arefilled up in the sand,and do not appearin the casting,occupya
useful place in alterations. Very many alterationsare made only partly in
the pattern,being completedin the mould by the methodof " stopping-off".
One of the commonestjoints is the half-lap, usedfor uniting flat strips. It
is either a plain half-lap fastenedwith screwsonly, when there is a probability of future alterationsbeing called for (fig. 6), or, if permanent,the
dovetail form is cut (fig. 7), and the joint is both glued and screwed.
Screwsoccupy a larger place in pattern-workthan in the more permanent
methods of the joiner. They take the place of tenons and mortises and
dovetails in the attachment of parts.
Dovetails.-These
are employed chiefly for the corners of deep open
frames that deliver their interiors, of which sewer boxes are typical, and for
loose pieces, as an alternative to the skewers. Their use is generally restricted
to standardized work. They are safer than the skewers, since these afford
but a doubtful indication, by their small holes, of the position of a loose
piece if mislaid.

Dowels.-These play a large part in pattern-work. They include the
tightly fitting dowels used in open joints, and those loosely fitting in one
piece,in the joints of patternsthat are divided for delivery betweenbottom
and top parts (figs. 3 and 4). These are of wood or, for permanentwork,
of brass or malleable-cast

iron.

Angles, Fillets, or Hollows.-These are peculiar to pattern-work,
beingemployed to fill up re-entrantanglesthat would, without them, invite
fracture in the castings. They should never be omitted. They are made
of wood, leather, or soft metal, to be bent round curved portions. Illustrations of all the elements here noted will occur in the subsequent sections.

3. CORE PRINTS AND CORE BOXES
Core Prints.-The

function of a core print is to locate, by the im-

pressionwhich it leavesin a mould,the exactplacefor the insertionof a
core. There are exceptionsto this generalstatement,sincesomelarge cores
are set without print impressions,as when moulds are made from sectional
and skeleton patterns. Also, when portions of metal are cored over, in
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order to avoid the employment
of loosepiecesor of drawbacks.Core

printsfall undertwofundamental
types,
the" round" andthe" drop" or
" pocket " forms.
Round Prints.-Tne^e

are set either vertically or horizontally. The

first-namedhavetaperor draught,
thesecondare,asarule,parallel,invariably
sowhen a pattern andits printsarejointed longitudinally
throughthe centre
to be withdrawn from copeand drag. They are taperedwhenthey are
attachedto bossesor piecesthat haveto be left looseandbe drawnhorizontally back into the mould.

Vertical Prints.-There is no recognizedrule for the length or the
taper of these. Both call for the exerciseof judgment. As the diametersof
prints are increased,their length or thicknessa (fig. 14, A) is lessenedre-

^":^j

II

; " ;"*%

:;-;--3§

':&'::'':&
Fig. 14.-Vertical

Core Prints, and Cores

latively, because the larger diametersafford better support to the core at
the bottom than at the sides. A print for example i ft. in diameter need not
be more than \ in. thick, while one of i in. diameter will be i in. long. Up

to about 3 in., lengths and diametersare about equal,beyondthat the proportionate thickness lessens.
Prints are thinner at the top than at the bottom (fig. 14, A). Usually

they need not be more than half the thickness,sincetheyhavenot to support
the core, but only to steadyit against risk of lateral displacementduring
pouring (fig. 14, B).
Bottom prints may havefrom J in. to J in. taper on the diameter. Top
prints should have more, becausethe sand in the copehasto be loweredon
the upstanding core, with risk of a crush if the taper is not ample. Often,
to avoid this risk, the portion of the core that entersthe print impression
has an excessof taper, with the result that closecontactdoesnot occuruntil
the cope is down to its bedding. (Comparec and D, fig. 14.) It is desirable
in work that is standardizedto put the taper in the core boxes. Ordinarily
the moulder rubs the taper on the coresto matchthe print impressions,and
his is a frequent causeof inaccuratesetting.
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HorizontalPrints.-Roundcore prints disposed
horizontally,as in
pipes,columns,
andworkof whichthesearetypical,arenot tapered.The
lengths of the prints are
about

equal

diameter
in
dimensions.

to

their

the
smaller
As sizes in-

crease,the lengths are relatively less. But they may
never be very short, because
in that casethe weight of a
heavy core would cause the
sand

to

crush.

In

most

cases the core is bridged
between

two

horizontal

prints. When it has to be
supported from a single
print impression the length

Fig.I5._DroP
orPocket
Prints

must be sufficient to counterbalancethe weight of the overhangof the
core. But this is only necessary in those cases where no assistance can

be obtainedfrom chapletnails.
Drop or Pocket Prints.-These

(fig. 15) are employed for horizontal
cores when the joint of the mould
does not coincide

with

the centre

of

the core print, as it does in the pipe
and column types of patterns. Even
then in some cases round parallel

prints are attached, and a sloping

Fig.16.-Core
BoxforStopping-over
Drop
Prints

" down-joint'' is made to the centre.

Or round, tapered prints are skewered on loosely. But these are exceptions to the usual practice.

The drop print only indicatesa portion of the outline of the coreto be
inserted semicircular

the

lower

for round

part,
cores,

other shapes for other forms.

The portion of the print above

!M

the centreis tapered to deliver,

but its impressionis filled up,

following
theinsertion
of the

\ i\Uiii

core-" stopping-over". This
is done by the moulder, Or,

Ffe-i?-BossFacing
covered
withDropPrint

in standard work, the core is

made in a box (fig. 16), which includesthe stopping-overportion in
addition to the actual core. The thicknessesof theseprints are similar to

thoseof the plain horizontalkind. Thin printswill not providesufficient
supportin the sandto sustainthe weightof acorewithoutrisk of crushing.
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The fitting of drop prints is often associated
with the presenceof boss
facingswhich haveto be left loose(fig. 17). Theseare cut to fit round the

print, or theprint is notchedto fit overthem. Theportionof thebossthat
is coveredby the print hasto be madegoodin the mould during the stoppingover (fig. 18),or, for permanentwork, it is put in the corebox.

Fig. 18.-Stopping-over

Core Boxes.-When

a Core with Boss Facing in Mould

determining the forms of these, similar methods

and precautionshaveto be observedas in the constructionof patterns,with
regardto freedom of delivery,taper, loosepieces,and so on. In addition
there is the excesslength necessaryfor the location of the cores in the print

impressions. Often a main core will contain prints, the impressionsof which will serve for the location of other cores.
Box portions must generally be taken apart to permit of

the removal of the core, so that they are only held temporarily with dowels, clamps,or screws. The subject of
Fig.
19.-Iron core-box work is therefore nearly as extensive as that of
for Round
Cores
pattern construction.

Box

Standard

boxes of iron have their

halves fitted

with

tongues and grooves(fig. 19); those of wood are very similar (fig. 20).
The ends of rectangularboxes may be retained in place with blocks
screwed against the sides,and the sides may be screwedto the ends
(fig. 21). This entails loss of time in removing the screwsas often as
the sides have to be taken away from the core.
Clamps of wood (fig. 23) or of iron are to be preferred. The sidesof long boxeswill becomerammed
outwards,with consequentenlargementof the core,
unless they are retained about the centre with a bolt

(fig. 22) or with a clamp. The fitting of ends into
shallowgrooves(fig. 22) is to be preferred to their
Round
Cores
abutmentagainstend blocks. Frequentlythe interior
of a rectangular frame is occupied with contour
fittings. In one exampleshown(fig. 23) for making one of the numerous
Fig. 20.-Wooden

Box for

coresfor a turbinering theblockingof yellowpineis lined with mahogany
to favourdurabilityin service. Herethe actualwidth of the turbinering
* that of thecurvedstripwhichrepresents
themetalseparating
threetiers

Fig. 21.-Core Box with Joggles

Fig. 22.-Wooden Core Box. with

Ends Recessed,and Bolts

pig,23-Core BoxforTurbineRings,
withRecessed
Ends,Cbmps,InternalBlockings,
and
Mahogany Facings
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of buckets. The supplementaryopen spacesare equivalent to the extra
length allowed on cores to enter print impressions. But in this casethe
cores are simply set to lines describedon a levelled bed of sand, and,
mutually abutting by their supplementaryportions,they completethe ring.
Plain, rectangularboxesare rammedon a core bench. A bottom board
is necessarywhen bossesand other fittings have to be located correctly.
The sides fit this with dowels or with strips on the board. Often one or

Fig. 24.-Core Box with Strickle for Curved Portions

two faces of a core are curved. Then, when practicable, strickling is resorted

to (fig. 24), as it is alsofor the upperplanefacesof cores. This economyin
curvedportionsis that due to the savingof timber and of the time occupied
in shaping it to the curves.

CHAPTER

II

Examplesof Work
Pattern-makingincludesmanydepartments. The work doneon patterns
for a brass foundry is wholly different from that done on patternsfor the
heaviercastingsof the marine engine,the locomotive,and the largertypesof

pumps,whilethe makingof coreboxesfor gasandautomobile
cylinderscalls
for special ingenuity and skill. The constructionof patterns for cranes,
gearwheels,pipes, and columns,eachenliststhe servicesof men who have
developedinto specialists. In everylarge shop certain groups of patterns
go to men who seldom handleanythingelse. But a trained,intelligent man
is, or should be, able to take up anybranchof his tradewhen requiredto do
so. The principles that underlie the practiceare unchangeable.It is from
this chiefly, the generalstandpoint,that the subjectwill be regardedin this
section.

EXAMPLES
i.

OF WORK

CYLINDRICAL
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WORK

Therearecertaingroups of patternswhich possess
onefeaturein common,
that of beingjointed through the longitudinal centre. Pipes, columns,and
cylinders of all kinds are typical of a very large number of patternsjointed
thus.

Turning
Patterns
in
Halves. - Patterns, being divided for convenience of mould-

ing, are jointed and dowelled
before they are turned, since it
would

be

inaccurate

to

saw

through solid patterns. Being
, they have tO be Secured

Fig.25.-Clamping
Pattern
Halves
withDogs

during turning with dogs(fig. 25),

screws(fig.26),or centreplates(fig.27). Dogsare driveninto the endsin
small and large work alike, in the latter, as an additional reinforcement

to the centreplates. For very light articlesthe dogsalonemaysuffice,the

Fig. 26.-Securing Pattern Halves with Screws

centringbeingdonedirectlyin the woodinsteadof on plates. Screws
aregenerally
usedfor verylight pieces.Theyareinsertedneartheends,
in supplementary
portionsto be cutoff afterthe patternhasbeenturned.
If one or two must comealso in the body of the pattern, as when it is of
considerablelength, the heads
must goin countersunkrecesses,
to clear the turning-tools, and
the holes are filled up subse-

quently. Centreplates,smaller
and larger, areused very gene-

rally, not onlyto securejointed

patterns,
but alsoto receive
the
lathe centres in those that are

solid, as these wear the soft
woods when turning is being

Fig-27.-Securing
Pattern
Halves
withCentre
Plates

done,causing
the patternto run eccentrically.
Theplatesaremadeof
ironor brass,
andareformedin thesmallest
sizeslikedogs,
to bedriven

in,butinthelarger
sizes
theyareattached
withscrews
orwithnails.
'

In some
cases
it happens
thatjointedpattern
portions
arelessthansemi-

68

PATTERN-MAKING

circles, as when boss sections have to be fitted on plates or webs. Then a

piece of the web thicknessis interposedbeforethe bossis turned, and is
afterwards thrown away.
Flanges and similar attachments are turned in halves, usually dowelled,

and then attachedto their bodies. They are held on the face plate with
screwsinsertedthrough the platefrom the back. The hole is boredentirely
through, or it is recessed,leaving a portion to be removed with the band-saw.
Pipe Patterns.-Pipes
and columns have several cardinal aspects in

common. Both arejointed longitudinally,dowelled,and mouldedby turning
over. Both are lagged when the smallest diameters are exceeded. Each
has flanges and other attachments fitted. Loam patterns are used for those

of large dimensions. Patternsare plated for quantities. For very large
numbers, metal patterns, unjointed, are employed.
Pipe Patterns for General Service.-It
is necessary to make use

of this phrase,because,
outsideof the generalshops,pipesare madeby highly

Fig. 28.-Pipe

Pattern with Body Flange for Alterations

specialized
methods.They are castvertically. Metal patterns,collapsing
corebars,anda numberof specialappliances,
associated
with themoulding,
coring, and casting,areused. In Americalargenumbersof pipes aremade
in permanentiron moulds. The methodsof makingbendand tee-pipesare
similarly specialized.

In the generalshopsthe outstandingfeature is that pipe patternshave
to be utilized not only for standardlengths,with flanges,sockets,andspigots
of standarddimensions,but with slight alterationsmay haveto be usedfor
all kinds of odd jobs and make-uplengths. In theseshopsthereforeit is
customaryto keeponeset of patternsstrictly for standardsizes,and a lot of

oddlengthsandnondescript
piecesfor occasional
orders. The cuttingand
schemingnecessary
exercise
the judgmentof the pattern-maker,
andvery
much hasto be done with stopping-offpieces,which increasethe work of

themoulder. In thelastcasethepatternis notwhollylike the castingproduced,the shapeof whichis revealed
by the stopping-offpiecessupplied
and the corresponding
sectionalpartsput on the pattern.
Pipe flanges are fitted into recessesturned between the termination of

thebodyandthe coreprints(fig.28). A flangebeingretainedcorrectlyin
its recess
neednot bescrewed
in place. For castingshorterlengths,abody
flangeA is screwed
on,andthisindicates
the lengthat whichthe mouldhas
to be stoppedoff. The stopping-offpiece supplied carries the half-core

print. Socketed
pipesare stopped-off
by providingan iron socketpiece
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that canbe movedalong the body of the pipe and screwedin any required
position. As this carries the print, a stopping-off piece is not wanted.

When turning long pipe patterns,the correct diameteris set in at each
end. A very light cut is taken about the centre,
not quite down to the finished size, becauseof the
spring and vibration present. The reduced section
is then embraced by a " steady " mounted on the
shears of the lathe bed, and a rough cut is taken

with the gougefrom the centre to the ends. A flat
is then planed from end to end, checked with a
straight-edge, and rubbed with chalk or red lead.
This servesas a guide to turning down intermediate
sections, without the need of having frequent recourse to the calipers and straight-edge to check
the progress of the work.
Bend Pipes.-These
may be long pieces of
straight pipe with a bend at one end, or they may
be entirely curved. On the degree of curvature
depends the method of their preparation. " Quick Fig.29-Pattern
forBend
Pipe
of Small Radius
bends ", those of small radius (figs. 29 and 30), are
turned in halves on the face plate. Four quadrants being screwed to the

plate by their joint faces,and turned, provide two completebends. Bends
of large radii are worked in halves by hand methods. From a rectangular
cross-section a polygonal shape is cut, leaving only minute angularities to

Fig. 30

Illustrations

of Pipe Bends

Fig. 31

be removed, to produce the semicircular shape, which is checked with a
templet.

Whenbendsare attachedto straight lengths of pipe, abuttingjoints are
used (figs. 30 and 31), secured with dovetailed pieces let into the joint faces

and screwed. The samemethod is employedfor uniting branch pipes at
right (fig. 32) or other angles,as for tee-pieces. Sometimesa plate of iron
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is used instead of a dovetail (fig. 33), or to reinforce dovetails(fig. 31).

Abuttingjoints are reinforced
with dowel-pins
fitting tightly,andwith
screws
putin diagonally.
Flanges,
sockets,
andspigots
arefittedasin straight
pipes,andstopping-off
is practised.

The larger pipes and bends,and thoseof
awkward shapes,for which the demandis
limited, are frequently moulded from loam
patterns,for which the pattern-makersupplies
stricklesand fittings. As the principal work
is thrown on the core-maker and moulder,

the subject is reservedfor treatment in the
article on Foundry Work.
Column Patterns.-These

are only made

solidly when of small diameters,say not exceeding4 in. or 5 in. Beyond these, and
apart from quantity methods of moulding,
they are always parted longitudinally along
the centre and dowelled.

Fig.32.

Pipe Joints at Right Angles

Solid timber

is

rarely usedwhen the diameterexceeds6 in.
or 7 in. The reasonis that the stuff is liable
to become convex or concave in the joint

faces,and the patternto loseits circularsection. It is alsoliableto warp
and curve lengthwise,
an evil that resultsfrom the incessant
wettingsof
the joint faceswith the swab.
Patternsfrom about 6 in. in diameterupwardsare,like the larger pipes,
built with " lags "

or stripsof timberscrewedon cross-bars
(fig. 34) and
glued to eachother with longitudinal joint
edges.No rules canbe statedfor the crosssectional dimensions of lagging strips, nor

for the spacing of the cross-bars. These
are proportional to the diameter and the
length of the column, but are never very
thick nor very wide, since,as in segmental
work,the objectsoughtis to localizeshrink-

ageasmuch as possible. The cross-bars
must be set at distances sufficiently close to

one anotherto sustainthe lagsbridgedover
them against the pressure of ramming.
Fig.33.-Iron
Plate
forPipe
Joints Thus the stiffnessof the pattern must be
securedwithout unduly increasingthe timber

sections. A little experience
teaches
the pattern-maker
how to proportion
these details, the relations of which are correctly proportioned in the
accompanying drawings.

Whenbuildingup dividedcolumns,
the cross-bars
for onehalf arelaid
down on a true joint board, and the lagsare fitted to that first. They are
planed on facesandabutting edges,the latter being chalkedto showcontact,
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and correctedwith the trying plane. Each is glued to its fellow, a man
stationedat eachend imparting a reciprocatingmovementto the lag about

Fig. 34--Construction

of a Lagged Pattern

half a dozentimes to work out the surplus glue. Iron dogsdriven in keep
the joint in contactuntil the glue hasdried, and one screwis put in through
each lag into each cross-bar. The heads of these are sunk in to permit of
turning. When one half has
been prepared thus, it is
turned over, the other halves
of

the cross-bars

are

set

in

position by their dowels,
and the lags for that half are
fitted, glued, and screwed.
The

halves

are united

with

centre plates, and the turn-

ing is done with hand-tools
or from a sliding rest. Done
by hand, the same method
is pursued, and time saved,

Fig.35.-Alternative
Methods
ofFitting
Mouldings

as in the turning of pipe patterns. A steadyis used to preventsagabout
the central portions.

Column Fittings.-All
columnshave flanges,with or without mouldings. Theseare nearly alwayspreparedseparatelyfrom the shaft,which is
necessary,both to keep the
thickness of the lags within
reasonable limits,

and

to

avoid short grain. Generally flanges,and frequently
mouldings, are fitted into
shallow grooves turned in
the shaft (fig. 35, top), and
with the grain running
transversely.
They
are
either glued-up in segments,
the better way, or cut solidly
Fig.36.-Shows
PrintContinuous
withLags
and not recessed (fig. 35,
bottom). In some cases it is better to glue blocks on the lags, and to

turn the mouldings from these. The choice dependson the proportions
of these supplementary parts.
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The fitting of the endcoreprints depends
on the relativediameters
of

printsandshaft. If thedifference
is onlythatdueto thethickness
ofmetal
in the shaft,prints areturnedon an extension
of the lagging(figs.34and

36). But if theyhaveto coreout a largemoulding,
thentheyarebetter
fitted separately
(fig.35),the lagsterminating
with themoulding.When
largesquare
bases
arefittedto columns,
theseareprepared
separately
and

attached. The squareprints being large,are boxedup and screwed

againstthe endof the columnandits flange(fig.37).
Fluted Columns.-The

problem in these is that of providing for

deliveryof theundercut
flutes. Thepatternshaftis builtwithlags,having
flats to receiveloosestripsin whichthe flutesare planed. The divisions

Fig. 37.-Method of Fitting a SquareBaseand its Print

betweenthe stripsare determined
by theamountanddirectionof undercut.
In the withdrawal the shaft is taken out first, then the loose pieces adjacent

to the mouldjoint are removed,
andfinallythosein the bottom. This will
be clear from the section (fig. 38).

In the constructionof thesepatterns,the internal shaft,the body which

formsa backingfor the flutedstrips,is prepared;thestripsareattached
to
it with screwsput in from withinthe body,to be takenout in the mould;
and the stripsare turned. The edgesof theflutesaredividedroundand
markedalong,the stripsremoved,and the flutesplaned. To permitof

planingthrough,the endpieces
wherethe flutesterminate
arescrewed
temporarily.Fig.39shows
a column
section
wherethebodyis of castiron
madefor permanent
service.Metalscrews
holdthelags,beingtappedinto
platessunk in the flute strips.
The coresfor columnsare usually swept againstthe edgesof boards,

unlesslargenumbersarerequired,whenthey are rammedin a half-box,
eachhalf-corebeingunitedto its fellow. In plain and mouldedcolumns
the whole of the core canbe swept,including the enlargedportionsfor the

mouldings. But if thereis a largesquarebase,asin figs.37 and38,or a
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heavilyfoliated capital, coresfor thesesectionsmust be rammedin boxes
having a centralprint of the samediameteras the core for the shaft. This
leaves a hole to fit over the
latter.

Cylinder

Patterns.

-

Most patterns of this class are

divided longitudinally through
the centre, notwithstanding the

factthat they arein the majority
of instances set vertically for
pouring. An exception occurs
in the largest cylinders, which
are moulded vertically, frequently from skeleton patterns,
or swept in loam. A fair number
of moulds
of medium
dimensions are taken from loam

patterns, which also are unjointed. Patterns of metal are
used for highly repetitive castings in the smaller bores.
With these exceptions, cylinder
patterns arebuilt with lagssimilarly to the pipes and columns
just noticed. They have parallel
prints for the main core, usually
head metal, and flanges prepared separatelyfrom the body.
All this is simple, plain work.
The

difficulties

that

occur

in

cylinder patterns and moulds
are those

associated

with

the

preparation and the setting of
cores, which increase with their

number and tenuity, and are
the most frequent cause of
the
rather high proportion of
"
wasters " that are produced
in

some foundries.

Any
cylinder,
whether
simple or complex, must be

drawn to actual size on a shop
board, with the machining
Fig.38.-AFluted
Column
withSquare
Base
allowancesand the positions
and dimensionsof core prints included,in all aspectsand sections. On and
from this the pattern parts and core boxesare tried and checkedas the
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work proceeds. Somepattern parts haveto be left loose,fitting with
dowels or skewers. The locationsof theseare determinedby the method
of jointing and mouldingadopted,this being settled by the pattern-maker.
In somecases,alternativespresentthemselves,
in others only one method

Fig. 39.-Example of Fluted Strips attachedto an Iron Backing

is practicable. Usually the most convenientand the safest method of
setting and securingthe coresdeterminesthe choice. A very slight degree
of inaccuracyin setting, or due to shifting from position in casting,will
producespoilt work. Moulds are divided horizontally,becauseit is easier
to set cores thus than in a vertical mould of small diameter.

But it is set

verticallyto be poured,
in

order

to

float all

sullageup into the head
metal, which if present
on portions to be tooled

wouldspoil the casting.
Typical

-In

Patterns.

the plainest cy-

linders the steam-chest
is distinct
from
the

mainbody,and a flange
Fig.40.-Cylinder
Pattern
withSteam-chest

on the latter is provided
to

receive

it.

When

practicable, the flangeis always moulded downwards,becauseit is convenient to insert the coresfor the passages
in the bottom of the mould,

insteadof in thejoint face. Printsareattachedto the flange,and thisis
necessarily
dowelled
looselyto thepassage
block. The cylinderfoot, when
at right angles,is madefast to the body. But it mayhappenthat other
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dispositionsof the foot may entail coring over it or jointing the pattern at
right angleswith the steam-chestface.
In many casesthe steam-chestis cast
in onepiecewith the cylinderbody (fig. 40).
Then the interior is produced with a core

for which a print is attached,wide enough
to afford adequatesupport to the core,and
prints areinsertedin the box for the steam
and exhaust passage cores (fig. 41). The

pattern portion for the steam-chestis prepared by boxing-up in order to reduce
shrinkageand to economizetimber.
Many cylinders are jacketed. The annular core is made in a box, complete in
all details. All jacketed castings require
especial care in both pattern-shop and
foundry, because the metal is thin and the
risks of displacement of the cores and
obstruction of the vents are very great.
Steam, gas, and petrol cylinders are made
with jackets, and the last named are the
most difficult of all, because of the large

numberof coresand their interdependence, Fig.41 oreBoxforSteam-chest
Cast
and the very thin walls of metal between
withCylinder
them, ranging from about J in. to f in.
When two, three, or four cylinders are cast en bloc the separate cores may

Fig. 42.-Cylinder

Pattern for Motor-cycle

Engine
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number from twenty to thirty, dependingon the design. These are almost
invariably rammed in iron boxesto ensurepermanenceof form, and their

positionsin the mouldaretestedcarefullyby meansof metalgauges.
Fig. 42 showsa plain cylinder pattern
for a motor-cycle,by Messrs.Ernest M.
Brown

& Co. of Huddersfield.

One-

half the core box is seen at the right.
The relation of the core to the pattern

and its prints can be observedin the
half pattern open in the joint face to
the left.

There the thickness of metal

is painted black, a practicewhich is
commonlyadoptedin cored work, since
it is of assistance to the moulder when

inserting the cores. A cover is seenat
the left of the figure.

Fig. 43 showsthe methodof lagging,
with other details for a small compound

engine, in which the high- and lowpressurecylinderswerecasttogetherwith

Fig. 44.-Pattern

Fig. 43.-Pattern for CompoundCylinder

of Diesel Engine Cylinder

and Base
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their connectingpassages.The upper view is a cross-section,the lower
is one-halfthe pattern open in the joint face. Head metal is provided.
The lags,the flat strips, the battens,bosses,and prints are obvious.
Fig. 44 givescompleteviews of the pattern for a Diesel enginecylinder
castin onewith its A-legs. The wholeof the interior is formedwith cores.
The upperportion A, the cylinder,is laggedand turned asa separatesection,
and is united to the pattern frame B with two dovetails. B is boxed-upon
three cross-bars,beingformed with strips having openjoints. The feet are
attachedto this, as shownin the lowestview, which is a plan takenfrom the
top of the cylinder, and the print is fastenedto the bottom of the pattern.
Two diagonalbracketsare fitted looselywith skewers,and four hold-down
bossesthat lie below the joint of the pattern are left loose, with drop
prints. A bracket c at the top is preparedseparately,with the print for
its lighteningcore, and attachedto the cylinder.
2. SHEAVES, PULLEYS,

AND

FLY-WHEELS

The featureswhich sheaves,pulleys, and fly-wheelspossessin common
are: their outlinesare circular, their depthsrelatively shallow,and theyhave
centralarms(or discs),through the centresof which the moulds and often
the patternshave to be parted. The shrinkagestressesin arms and rims
causefracture in these castingsunlessthe pattern-makerexercisescare in
proportioning of parts.

Sheaves.-Patterns for these are made in wood (fig. i) for moderate
numbers of castings, in metal

(fig. 45) for quantities. When
wood

is used

the

rims

fc^xva

are

built up with thin segments,
the centres being made in a

t

a-

similar manner when they
are solid-plated.
locked

at the

Arms are

centre

and

Fig-45'-IronPattern
forSheave
Wheel

let

into the rim, thesemethodsbeing identicalwith those employedin the construction of toothed wheels. Patterns are divided through the centre of
the arms, or these are left of the full thickness, and the upper portion of the

rim is registeredto the lower (figs, i and 45). Moulding is generallydonein
a three-partboxr the joints being made in the planesa, a (fig. 45). But a
circular grid canbe used,as shownat the right hand,to carry the sandin the
recess,andthen a two-part box with its joint at b canbe used. Alternatively,
an annularcore print can be fitted around the rim, and a seriesof short
lengthsof core laid in. This is seldom done when completepatternsare
made,exceptin the caseof cuppedwheelswhich are providedwith recesses
to receive the links of chain that lie flat and edgewise alternately. But the

methodis of value when very large pit wheelsare madewith wrought-iron
arms, in which casethe entire rim, interior as well as exterior, is frequently
formed with cores. Another form of sheave is that with a wavy gorge to
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preventslippingof a rope,whichalsois providedfor in a corebox rather
than in the pattern.

Trolley or truck wheelsresemble
sheaves
in the fact that the presence
of double flanges (fig. 2)
entails the employment
of a three-part box. Only

the lower flange is left
loose. This may be done

Fig.
46.-Alternative
Methods
ofJointing
Bottom
Flange
of
Trolley
Wheel

m Cither of the WayS
shown (fig. 46). When
vertical

arms are fitted,

either to trolley or sheavewheels,they are screwedfast in the bottom,but
left loosein the top, to comeup with the copeand be withdrawn therefrom.
Pulleys.-Patterns of wood are uselessfor pulleys. They must be
of iron. And, except
for repetitive work, they
are not made with rim,
arms, and boss in one

solid piece. Each is a
separate element, rim
and arms in iron, and
bosses in wood, from

which pulleys having
different widths of face,

and bosses for any
bores required can. be
made up.
The system adopted
is to have a large stock
of pattern rims, turned

Fig.47.-Pattern
ofaFly-wheel

inside and out, with a

very slight taper and no crowning, of maximum depths likely to be
required, say of 12 in. width of face in the smaller sizes and 16 in. to
18 in. in the larger. Widths narrowerare producedby stopping-offin the
mould.

Diameters may advance

by i in. in the first, and by 3 in.
in the second.

When

the volume

of trade is large,oneseriesof light
pattern rims and one of heavy is
stocked.

The

arms

are made of

cast iron to fit easily within the

Fig.48.-Core
BoxforFly-wheel
Arms

rims. Thesealso are made light,
having only the elliptical section,

and heavywith shallowverticalribbings. The bossesof wood fit to anyof
the arms with a standardsize of stud in a centrehole,say i| in. diameter.
From these elementsthe moulder producespulleys of any widths of
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face by stopping-off, and centring the arms with a gauge,and, if required,
pulleys of wider

faces than the rims by " drawing".
Double-armed
castings are made from the same sets. From the
same pattern parts, castings are " split" in halves by
the insertion of lugs and prints to receive the splitting plates.
Fly-wheels.-The
rims of these (fig. 47) are
built up with segments, and the arms, locked about
the centre, are sunk into the

rim during the courseof building-up.
Bosses are studded
at the centre.

Patterns

of wood

are suitable,exceptfor highly
repetitive

orders, for which

metal is substituted, in which
case

the

work

is

machine-

moulded. All fly-wheels, except those of small diameter,
have arms. These may be
straight, but are preferably
Fig.49.-Segmental
for curved
to
accommodate
Rim of Fly-wheelPiece
shrinkage movements. The

Fig.50.-Core
forFlywheel, halfBox
boss

smaller wheelshavesingle curves,the larger generallydouble. But solidcast arms are not safe for the larger wheels, which are either provided
with those of wrought iron, or the arms and
rim are cast in separate pieces and bolted or
cottered together. When large wheels are
cast with arms intact, these are made in cores,

for which the pattern-maker provides a box,
and also sweeping boards to form the rim.
When a wheel has cast-iron arms, the form

of core box used is shown in fig. 48. The
arm piece is one-half the thickness of the arm
section, so that two cores are jointed to include
the mould for the complete arm. The box is
shown as for a six-armed wheel, the jointing

angle at the centre which contains the boss
sectionbeing therefore 60°. The outer radius
is that of the interior

of the rim.

The notches,

cut in the edgesof the box frame, receive
the grid which sustainsthe core. Rims of any
sectioncanbe producedwith sweepingboards
and sectionalramming blocks.
Fig.51.-Pattern
Boss
forFly-wheel
When wheels have wrought-iron

arms,

theseare castinto bossesin rim and centralboss. Obviouslydown-jointing
cannotbe done, and thereforethe upper halvesof the rim bossesand their
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prints mustbe coredover, and the mould and coresbe covetedwith a plain
top. Fig. 49 shows the provision made for the rim. A short length of
sweephas a half-arm bosswith its half print, coveredwith a block print.
Into the impressionmade by this the core, rammed in the box (fig. 50),
is set. Taper is given, as shown, to the sides of print and core. The
central boss that correspondswith this type of wheel is shown in fig. 51.
This is rammed in a parted box distinct from the rim, having the joints
separatedfor the insertion of the arms,and is dried. The bossmould is
centred relatively to the rim, and levelled before the arms are inserted.
These are then covered with the top half of the boss mould.
3. GEAR-WHEEL

PATTERNS

Althoughthis departmentof work hasbeendeeplyinvadedby the insistent
demand for cut gears, a very large volume remains. Wheels with cut teeth

are expensive,and they are not usuallyfound in commonmachines,suchas
ordinary cranes, contractors' machinery, and the like. Another important
fact which favours the retention of cast gears is that the patterns now
made are far superior to those of some years ago. A high grade of work-

manship has been demandedand met, partly due to the employmentof
machines for cutting pattern teeth, and partly to the fact that firms make
these for the trade, the pioneers being Messrs. Ernest M. Brown & Co.
of

Huddersfield.

And

Wadkin

&

Co.

of

Leicester

have

revolutionized

the methods of some shops by the introduction of the " Mechanical

Wood-worker" in core-boxwork, and in the teeth of gear-wheelpatterns.
In the generalshopsthesepatternsare the specialityof one or two only of
the hands.
Tooth
Forms.-It

is essential

that the teeth

of all wheels

of the same

pitch shall be made to a correct contour, so as to secure a rolling contact as
far as may be and a uniform velocity-ratio. In cycloidal or double-curved
teeth this is secured by making the diameter of the rolling circle, to be
rolled on the pitch circle, equal to the radius of the smallest wheel of
the series. This gives radial flanks for the smallest or basic pinion, and

undercutflanksfor thosebelowthat size. This is embodiedin an odontograph
scale.

For involute or single-curved teeth, which have been largely substituted

for cycloidal,the basisis the rack,havingteeth with straight, slopingflanks.
The point of contactof the teeth lies on the line passingthrough the point
of contact of the pitch circles and tangentialto the basecircles. In the
cycloids, curves are generatedfrom the pitch circle; in the involutes,the
pitch circleshavebut an arbitrary relationto the basecircles. This explains
why correcttooth contactoccurswhetherthe idealpitch cylindersare or are
not in contact,andwhy, by increasingthe addendumin smallpinions,undercut of the teeth canbe avoided. The circular pitch is most generallyused
for patterngears,but the diametralis commonlyassociated
with the involutes.
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Tooth lengths are proportioned to pitches, but teeth are always made shorter
now than they were formerly. Proportions are given in many textbooks,

and they arestandardizedin the shops.
Spur Wheels, Pattern Construction.-For
these, two materials are
used chiefly: yellow pine and Honduras mahogany, or Baywood, the first
for the bodies, and the second for the teeth. Yellow pine is suitable for
teeth when only moderate numbers of moulds have to be taken.
Only very small pinion patterns are made solid, that is, with the teeth
in one with the centre body, and the grain running longitudinally. Pinions
of over 6 in. or 7 in. diameter must have their centres built up. In the
smaller sizes, courses of sectors are glued up, the grain running radially.
In those above say 8 in. or 9 in., segments are used, the grain running
tangentially. Thicknesses will range
from \ in. to I in. in small and large
patterns respectively. Gluing is done
carefully, and nails or wooden pegs
reinforce the joints against the rough
usage of the foundry. The rims are
turned

and finished

before

the teeth

are taken in hand, these being always
made distinct from the rim to get
longitudinal grain.
Methods
of
Constructing
Wheels.-The
larger pinions, and
smaller wheels, have solid-plated
centres,built into the rims. All large
wheels have arms made separately
from the rims, which are built up.
Plated centresare built up with sectors
having the grain radiating, in not less

Fig. 52.-Portion

of Pattern Wheel with

Splitting
Lugs

than two thicknesses. Or narrow strips with openjoints are prepared,and
the coursesof rim segmentsare glued up on the discoid centres. Rims for
armed wheels are built up and turned as separate elements into which the

finishedarms,usually of T-section,are fitted. When they havethe section
of a +" they are built into the rim at the half-way stageof the coursesof
segments. During the fitting, care must be taken not to drive them into

their recesses
so tightly as to distort the rim. Only light hand pressureis
employed,with glue and fine screws. Though the locking togetherof the
arms at the centre is rather flimsy, the screwing on of the central boss and

the fitting of the vertical armsprovide additionalstrength. The latter abut
againstthe boss,or fit in shallowgroovescut in it. They also abut against
the rim.
Fillets or " hollows " glued in all anglesfurther stiffen the structure. With arms of +-section, the ribs that come in the top should be
dowelled loosely with that boss portion, for reasonspreviously stated
Fig. 52 showsa wheel pattern with split lugs.
VOL. I.
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Tooth

Formation

and Fitting. - Teeth are either shaped first

and attachedto the rim afterwards,or they are worked in their places.

Fig. 53.-Method

of Fitting Teeth with Dovetails

The latter is to be preferredwhen a dividing-machineand a fly-cutter can
be used. But if not, the bestway is to fit eachtooth with a dovetail(fig. 53).
Turn, pitch, and mark the teeth out in place,removethem to be shaped
with planes, return and glue them permanently.

gg=afi^*r-^~.~^--=*» 'jjie kegt pattern wheels, apart from those
machine-made, are constructed in this way.
Other methods are, to plane each tooth separately, fit and glue it to the rim, or to glue rough
blocks on the rim, turn, pitch, and mark out
(fig. 54), and cut the shapes through with chisel
and gouge. These methods are however not
entirely satisfactory.
Using a fly-cutter, the rim is turned J in.
or fV in. below the roots, and rough blocks,each
wide enough to include three or four teeth, are
glued on in contact. Material is thus left below
the roots

on which

the radius

or

fillet

without leavinga " feather edge".

is cut

The blocks

being turned, the tooth spaces are shaped in a
machine, which also divides for pitch. No taper

is given, and sincethe teeth are accurate,they
can be drawn through a stripping plate, in
hand-made moulds, or on a machine.

The chief advantageof planing the teeth

Fig.54.-Method
ofFitting
Teethpreviously
to attachingthemto the rim is that
tobeShaped
in Position

they canbe shapedaccurately. They areplaned
in a box madeof hard-wood,having the crosssection of a tooth. The difficulty lies in gluing the teeth to the rim.
Setting is done by centre lines, or by the edgesof the flanks, to lines
pitched and scribed around the rim. Errors in pitching and in getting
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out of square arise. The first is checked with calipers as the work
proceedsbefore the glue has hardened, the second with a set-square

tried alonga flank and working from a straight-edge.

w

To glue rough blocks on and work them in place with gouge and chisel
requiresgreat care to get straight flanks. Using a small straight-edge,and
carefullyglass-papering,
the methodis reasonablyaccurate,though tedious.
Sincerough blocks, glued or dovetailed,have interspaces,thesemay be
filled in with wedge-shaped
bits (fig. 54) to afford a continuoussurface. It
is convenientfor the turning, but not essential,sinceif light cuts are taken
with a sharpgouge,the teeth will not be knocked off nor the grain split.
And although a continuoussurfaceis useful for locating tooth curves on,
the centresmay equallywell be set on a zinc templet pieceas shownin the
upperpart of fig. 54, worked round the periphery.
Tooth centresare pitched round on one side, and squaredover to the
sideopposite. The tooth thicknessesare set to right and left of the pitch
points,and the curvesstarting from theseare described.
Bevel Wheels -These

are based on precisely the same principles

and elementsas the spurs, in regard to the shapesand proportions of the
teeth.

But the pitch and related dimensions are always taken on the

major diameter,those on the smaller diameter being controlled by the
width of face of the teeth. The teeth are not developedon the real
diameters, but on conical surfaces at right angles with the pitch cone
(fig- 55).

Bevelgearsare marked out as shown by fig. 55. The pitch cones ab
are the primitive rolling surfaces. The diameters A, B are the real diameters
for the actual pitches. Through a, the point of intersection of these, a
line is drawn perpendicular to ba, meeting the axes of the primitive cones
in c and d. Circles described with radii ca and da are the pitch circles
on which the teeth are drawn. In other words, they correspond with the

curvesof spur gearsof radii oz, da. As the teeth taper from the major
diameter to the apices of the cones, the tooth curves on the minot
diameters are obtained on the developed surfaces having radii fe, ge.
The tooth forms for both are shown to the left, and those for the minor

radii are repeated at the right.

Patternrims arebuilt up with coursesof segmentsthat overlapsufficiently
(fig. 56)to includethe conesection. Two chuckingsare essential;whether
the back or the front is done first doesnot matter, since a straight-edgeis
laid acrossthe rim and each is turned with the aid of templets.

Nails cannot

be usedso convenientlyto reinforcethe gluedjoints as woodenpegs,though
the risk of segmentsstartingafter the teeth are attachedis nearlynegligible.
Teeth are fitted and worked in either of the ways described in connection

with spur gears. If fly-cutters are used, they are not selectedfor either
diameter,but for a location at about a third of the tooth length from the
major diameter,and two settingsof a flank areneeded.
Worm Wheels.-These are mademuch lessfrequently by the patternmakerthan formerly, sincethe practice of generatinghas grown in favour,
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with the employmentof double- and treble-threadedworms. For ordinary
service, cast gears with single-threaded worms are still used, and are less
costly than those produced by hobbing.
Worm gears have the helix for their basis, though this is somewhat disguised in the case of the wheel. The worm is a continuous thread of ex-

Fig- 55--Development of Bevel Gears

tremely short axial pitch or lead. The wheelwhich it driveshas a number
of short helical teeth of extremely long axial pitch.

The axial pitch of the

worm, if single-threaded,measuresthe sameas the circular pitch of the
wheel teeth. The wheel may contain any number of teeth. The worm
diameter is usually from twice to three times the pitch. The curvature
therefore being small, the teeth of the wheelshould form envelopesof the
worm thread to ensure durability and smooth movement.
The section of the worm thread is that of the involute rack. ' A worm
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pattern can be constructed in wood, divided

longitudinally,but this is not a very satisfactory
method. If a cast worm is used, the pattern

shouldbe cut in metaland mouldedvertically,
screwingit out of the mould through a stripping
plate, and relieving its weight with a counter-

balancesuspendedfrom a rope passingover a
pulley.

But it is better to cut worms in the

machine-shop,in which case the pattern-maker

can employthe actualworm as a perfectguide
by which to shapethe teeth of the wheel.

Patternwheelsmust be jointed along the
middle plane,eitherthroughthe centralplate,
or leavingthis in one piece,undivided, the half
depth of rim is registeredto it, as in the caseof

sheave
wheels. Segments
are built up, overlapping, and the concavity for the tooth blocks is
turned with a templet, the interior of the rirn
being similarly dealt with.

Blocks for the teeth

are fitted and glued to each half-rim, and the
abutting ends that come in the joint face are
turned at separatechuckingsof eachhalf-pattern,

and at the sametime the curvesare imparted Fig.
56-Rim
forBevel
wheel
to the pointswith the aid of a templetworkingt
from the joint face. The outer ends of the teeth are then finished.

The teethare pitchedand their thicknesses
and shapesmarkedin the

Fig- 57--Worm-wheel Pattern mounted for Cutting the Teeth
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central joint plane of the pattern preciselyas for an involute spur wheel.
The tooth sections change constantly from the centre to the outer ends.

The larger the angle or
slope of the teeth, as in
worms

of small

diameters

and those with multiple
threads, the more marked
are the changes in section.
Here the advantage of employing the worm as a

templet guide for cutting
the wheelteeth is apparent.
The

worm

is set between

lathe-centres, and the wheel
is mounted
on a stem in
the T-rest.
The
wheel
and the worm
are moved

into contact(fig. 57). The
application of chalk or of
red

lead

to

indicates, by
ference

to

the

worm

its

trans-

the

wheel

teeth, the high parts from
which
material
must
be
removed.
If
the wheel
contains

a large number of teeth,
the work of cutting may
be hastened by shaping,
say, half a dozen correctly
from

worm

contact,

and

then marking the shapes of
the other

ends so obtained

on the remaining teeth.
These can then be roughed
out rapidly with gouge and

chisel, leaving the finish to
be imparted by the assistance of worm

contact.

A massive spur pinion

Fig.58.-Rolling-inill
Pinion,
15teeth,
7-in.pitch,
26-in.
face

pattern,which standshigher
than a tall man, is shown

in fig. 58. The teeth are shroudedto the pitch circles. There is a joint
in the pattern along the face of eachshroud. These are built up with
segments,as are also the bosses. Fig. 59 showsa segmentalpattern, from
which large toothed rings are built up, being bolted together by the end

EXAMPLES

Fig. 59.-A

OF

WORK

Segmental Pattern for building

up a Toothed Ring

flanges,for use on revolving cranes,turntables, and swing bridges. These
.. ..
are by Messrs. Ernest
M.
Brown
Huddersfield.

&

Co.

of

4. MACHINE-MADE
WHEELS

this

The
economies
kind
of work

of
are

associated chiefly with
the larger gears, and for
those casual orders when

only two or three cast-

ings are required, for
which

the cost of com-

plete patternswould be
prohibitive.
The employment of
a few teeth from which
to mould an entire wheel

rim, and of a core box
to include the arms, had

been practisedlong before the wheel-moulding

machines
were
invented.
m
Teeth attached to a segment are worked round,
and

rammed

in succes-

sive stages,at the end of
a radius

bar centred

on a

pin (fig. 60). Another

Fig. 60.--Segmental

Block moulding

a Spur Wheel

88

PATTERN-MAKING

method is that of ramminga few teeth in a core box, and laying the cores
round a circle. The wheel machineincludes a dividing apparatuswith
changegears for all pitches,and mechanicalslides for withdrawing the
segmertal blocks that carry two, three, or more teeth.

Two designsof machinesare made, one having a
mouldingtableonwhich the smallergearsaremoulded
in top and bottom boxes,the other having the mechanism carried on a column sunk in the floor, in the
sand of which the teeth are moulded, to be covered
with a plain top box.

.""4-^Zr

Fig. 61.-Tooth
Mould

'----"- r~~z,~~~;.~,-~.~:.~---±rrc^r

~^3~--j"

Block in

The Pattern

ig. 62.-Sweeping

Parts.-The

Board for a Spur Wheel

essentials, varied in details with the class

of gear and the sectionsand outlinesof arms,&c., arethe tooth block,the
sweepingboards,and the corebox.
Tooth Blocks.-A tooth blockis like part of a wheelrim having a few
teeth cut on it, attachedto a backingof suitableshapeand dimensions,and
; screwedto the tooth carrier of a
machine. The simplest blocks are

those for spur (fig. 61) and bevel
gears,which arewithdrawnvertically.
Those for helical, double helical, and
worm wheels are withdrawn

in the

horizontal direction, exceptin those
machines which do not include this

Fig.
63.-Sweeping
Board
foraBevel
Wheel provision. For use in these,the
pattern-maker

divides the block,

separatingthe main backingfrom the actual teeth, which are carried on
a thin backing, and dovetailedlooselyto the portion that is attachedto
the carrier. The latter is first lifted vertically by the machine,followed
by the teeth, taken awayhorizontallywith the fingers.
Sweeping Boards.-These (fig. 62) are necessaryto form a bed to
receive the cores,to makethe joint facesat their correct heights between
drag and cope,to indicatethe radii of the teeth, and, in the caseof bevel
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wheels,to correspond with the tooth points.
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These vary in details with the

shapesof wheels. A plane top is generalfor spurs, but the top for a bevel
wheelis curvedto follow the edgesof the vertical arms (fig. 63). The edges
for sweepingthe bottom and top moulds areusually cut on the sameboard
whichis reversedon the bar. The latter is of a standardsize(fig. 62), sothat
all boardsare shorter than the real radiusof the wheel by the radius of the
bar, to which they are attached with
an iron strap. The radius of the
tooth block, though set by the bed
swept, is checked, and, if necessary, finely corrected with a strip
that gives the exact distance from
the central bar to the point or the
root of a tooth.
Core
Boxes.

-

Arms

of

all

shapes can be made with cores,
but the most

convenient

are those

of H-section, and these therefore
are mOSt COmmon(fig. 64). Bevel
wheels have arms

of

Fig.64.-Core
BoxforWheel
Arms
ofH-section

T-section.

Cores are rammed, dried, blackened, and set in the mould on the swept

bedwithout aid from prints. The spacesbetweenthe corescorresponding
with thicknessesof metal are set with wooden gauges. Their own weight

and the pressureof the copewhen the mould is closedpreventsthem from
shifting. Central bossesand prints are swept,or bedded-in.
5. BEDS AND ALLIED

FORMS

These
being
thebases
for engines,
pumps,
machine-tools,
cranes,
&c.,

II

occur in an immense variety of outlines and dimensions. Only broad
principlescanbe statedhere.

Y

i
I

Fig. 65.-An Engine Bed suitable for Self-delivery-the top face being lowermostin the mould

Method

of Moulding.-This

is the first thing to be determined.

Usuallythe top faceof the bedplatepattern goesto the bottom of the mould.
This ensuresthat sound metal shall be present in those surfaceswhich

I, i

PATTERN-xMAKING

have to be machined later. The question of moulding by bedding-in

or turning-over is settled by the numbers of castingsrequired and the

Fig. 66.- Section through Crank-shaftBearingsof Engine Bed. Pattern showsboxing-up,
printsj:or

cores, and loose pieces

boxes available. The latter method is preferable, except for beds of the

largest dimensions. The choiceof self-delivery,or of coring the interior,
depends chiefly on the bed section, and on the
relative proportions of width to depth of interiors.
As there is no objection to giving plenty of taper,
a good slope is always given to the outside, and as
the thickness of metal is equal throughout, the
internal taper favours delivery (fig. 65). Many
deep beds therefore with wide internal spaces
"
deliver themselves, the interior " green sand core
being carried on a grid suspended from the stays
of the top box, or, if special boxes are made, the
stays are brought down inside to a distance of about
| in. from the pattern all round. But this method is
not practicable when beds are narrow and deep. In
these cases, the interior

is taken out with cores in-

serted in print impressions (fig. 66). This is very
convenient when loose pieceshave to be attached to
the outsides, as these can be withdrawn laterally
through the open interior.

E*67.-show
Loose
BOSS Therearefewpatternswhichdo not carrysome
*°n end
°f Engineloosepieces,and core prints for the insertionof

Bed .

smallcores(figs.66and 67),for bearings,andrecessed
portions in varied forms. In somecasesit is convenientto carry all the
outer mould on an encircling plate for the purpose of getting at recessed
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portionsfor cleaningand coring. Many bedsof large dimensionsaremade
without full patterns from motives of economy. The exterior mould is

Fig. 68.-Formation of Curved
Corner

Fig. 69.-Method of making a Curved Corner

madefrom a skeletonframe, aided with strickles or sweepingboards,and
coresimpart the shapesto the interior portions. In all long and narrow
beds,solid-platedon one face only, the effect of unequal shrinkageis to

M

Fig. 72
Methods of Blocking

adopted for Curves

causecurvingor camber,the solid-platedportion when cold becoming
concave
lengthwiseto the extentof from J in. to | in., depending
on the

length.Thepatternmustbe curvedin theopposite
direction
to neutralize
this effect.
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Methods

of Union.-The

union

of corners and the formation

of

curved ends are shown in figs. 68 to 72. In fig. 68 sides and ends abut at

right angles,and a square block is glued in, which when set is workedto
interior and outside curves. In fig. 69 a similar method is employedfor
interior and exterior radii, all being connectedwith a plated covering, after

the inner as well as the outer curveshavebeen cut, the interior being for
self-delivery, as is the previous figure.
The next group represents portions of patterns, the interiors of which
have to be cored. This permits of making stiffer constructions. The
thicknesses of stuff are greater, and screws can be used if thought desirable
to assist the glue. Figs. 70 and 71 are alternative methods for the outside
curves. Both are strong, and are reinforced with the screws that secure the

plated portions, halved at the corners,to the verticals. Fig. 72 is a semicircular end, made in the strongestway. Risk of shrinkageis reducedby
making the segmentalblocks short, and they are reinforcedwith the strips
glued in the angles. The inside curve is made of two pieceshaving the
grain running perpendicularly,in order to avoid short grain at the ends.
The plate is made with strips having half-lap joints, and is screwedto the
sides.

This

method

is suitable

for

the semicircular

ends

of beds

and of

other patterns of that type.
6. SCREWS

This work includes the production of helices in pile screws, conveyors

for elevators,worms, and propeller blades,cut in wood or swept up. The
patterns for these contain one or more than
one revolution, or a fractional portion of a
revolution. Although made in different
ways, the principle involved in all is the
same, viz. the development of a helix is an

inclined plane,or converselya helix may
be imaginedto be an inclined planewound
round a cylinder. This is translated into
actual practice in many small patterns by

cutting an inclined plane in paper and
wrappingit round a cylinder as a guidefor
working by. One templet of this kind may
be used for the base of the screw, the other

for its tip. The pitch is alike in each,but the
lengths of the envelopesand the anglesof the
helices differ. The pitch is the distance between

the centres

of a helix

Fig.73.-MarkingtheTip of apileScrew it has made one revolution.

or blade

when

The diameter

is measured acrossthe tips of the blade.

Pattern Construction.-In

pile and conveyor screws (figs. 73-75),

and in worms, which are members of the same family, the blades or
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threadswould suffer from very short grain if they were cut in one solid
with the cylindrical body. This thereforeis prepared first, being jointed
along the centre and dowelled. The blade is fitted in short segmental
divisionsand glued permanentlyinto shallowgroovescut around the body,
but if the blades are deep they must be screwedtemporarily, to be withdrawnfrom the mould after the deliveryof the cylindrical body.
It is generallyconvenientto mark the width of the grooveson the templet

Hg. 74--A Pile Screw

sheetof paper,throughwhichtheyarecuton the turnedbody. The length
of the pitch and of the circumference
at radiusr form a rectangle,whose
diagonal
is the development
of thehelixat radiusr. Anotherline is drawn

parallelwith this to represent
thewidthof the grooveto be cut in the
cylinder. If thereis morethan oneturn of the helix, the constructionis

repeated.The paperwhengluedroundis an accurate
guideto thework-

manwhocutsthespiralgroovewith saw,chisel,androuter. Thesegmental
bladesarefitted into this, prevented
from overlapping
by the insertionof a
flat dowell next the outer edges,and securedwith screwsput in from the

joint faces,for whichthe patternhasto be removed
fromthe lathe,and
taken apart.
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Although this method is convenientwhen a continuouscylinder affords
a good basisfor the paper, it is not practicablefor the tips of the blades,

sincethe helixis not cut in solid stuff. Then the methodof intersecting
lines is adopted. Here the circumferenceand the pitch are divided into
the samenumber of equal parts; the larger the number the more nearly
accuratewill be the results. A diagonal drawn through successive
intersectionswill delineatethe screwthread (fig. 73). A line drawnparallelwith
this is required for the thicknessof the blade at the tip. As there is a gap
between the threads,the divisions are markedon a slip of wood. The

Fig. 75.-A

Group of Conveyor

Screws

divisions are scribedoff on the pattern revolved in the lathe. The blades
have to be removedto be worked. This is done with a narrow plane,
slightly convexon the face. Radially, every portion of the surface from
centre to circumference must be straight.

Propeller bladesareshort sectionsof multiple screws,two, three, or four
in number. When pattern blades are made for these,in the smaller sizes,
the boss is included,and the blade is glued up with strips that overlapat
the edgesto embracethe screw formation, worked through with planes.
The methodof intersectinglines is adopted.
Screws produced with Templets.-Large propellersare swept up
in loam by the aid of sheet-irontemplets having the upper edgecut to the

inclinedplanethatcorresponds
with the slopeof thefaceof theblades. As
manytempletsarecut asthereareblades. Thesearesetroundin a circle,
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their upper edgesguide the movementsof a sweepingboard which prothe shape of the loam beds on which the strips, that correspond with

Changingsectionalshapesof the blades,are laid. This work is repeated
^any times as there are blades,the templetsbeing set equidistantround
Circle.

Screw Drums.-These, groovedspirally to receivethe wire ropes
"the chainsused on large cranes,are seldom cut in wood, becausethe
is too great. They are sometimes cored, but a cheaper and more

Fig. 76.-The Use of a Templet Screw to control the Striking Board for the Loam Pattern
of a Spiral Crane Drum

curate methodis to sweepthem in loam. Drums up to about 3 ft. 6 in.
diameter are swept as loam patternsto be moulded. Those over that
z& are made as loam moulds with the axis of rotation set vertically.

In

.ch casethe pitch of the screw-threadis reproducedfrom a templetwhich
urtrols the longitudinal (fig. 76) or the vertical movement of the sweeping
>a.rd. The templet is cut by the guidance afforded by inclined planes
ajrked on paper and gluedwithin and without. The groovedsectionsare
Lt on the edgeof the sweepingboard. Since this is moved through a disrtce of one pitch during one revolution,the result is a true screwin loam.

space equalto the thicknessof the boardhasto be filled up andmade
>od by hand,becausethe board hasto be movedback to its startingposition

:-veral
times
before
asmooth
loam
surface
canbecompleted.

I
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7. PLATED

PATTERNS

The practice of attaching patterns to plates has grown enormouslyin
consequenceof the immensedevelopmentsof machine-moulding. But it
ante-dated this, and is in extensiveuse apart from the aids afforded by
machines. It is derived from and is an extensionof the employmentof
joint or bottom boards.
Bottom Boards.-The

bottom or joint boards, which are stocked in
many sizes in foundries,
arc made of thick, narrow

strips with

open joints

unitedwith battens. They
have holes bored to receive

the pins of the bottom
parts of moulding-boxes,

and are of generalutility,
since any patterns that
will go in a box can be
rammed
board.

on the bottom
Two results are

achieved,one being that
the ramming of a dummy

mould, for the sole purpose of getting a joint
face, is avoided; the other
that

the board

affords

a

level bed for the pattern,
so avoiding risk of its

winding during ramming.
Permanent

Plates.

-At an early stage, when
work becomes repetitive,

an obvious economy is
securedby attaching patFig.77.-Wooden
Cock
Pattern
mounted
onaJointBoard

terns to boards, and
making these and the

fitted boxes a permanentworking unit. But then only the bottom box
can be rammed on the board; the copemust still be rammedon the joint
face of the bottom box, turned over to receiveit. The next stagetherefore is to attach the two portions of a pattern to a single board (fig. 77),
without battens,and to fastenboth box parts togetherwith the pins passing
through holes in the board. Here, though turning over is necessary,the
advantageremainsthat both joint facesare providedby the board, and that
both halvesof the pattern are preventedfrom bendingor winding. A more
advancedstageis that in which eachhalf or portion of a pattern is attached
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to a separateplate. This enablestwo men or setsof men to be working on
the samemould, one on copes,the other on drags,a very great economy,
which is necessarywhen a large output is required.
Metal

Plates

and

Patterns.

-These are necessaryfor the
highestproduction,not only for
machine-moulding, with

which

they are chiefly associated,but
also in the hand-moulding of

J

the smaller articles required in
large numbers. Patterns are
mounted on opposite sides of

an iron plate (fig. 78), or on one
sideof separateplates. Weight
is kept down by making the
plates thin, say from f in. to
£ in., and by lightening the interiors of the patterns, though
these provisions are of less
moment

when

work

is moulded

by machine than when done by
hand. Great care is necessary

whenfitting the pattern parts to
their plates.

Holes are drilled

throughboth in place,and these
receive dowel-pins or screws.
In SOmeCasesa portion Of a
Fig.78.-IronCockPattern
mounted
onanIronPlate
pattern may go right through a
plate. All this work is rather of a special character, since patterns have
to be finished in the lathe, the grinder, and with files and scrapes.
In a good many instances patterns are cast integral with their plates, or

are made so by the method of their attachment (fig. 79). This is most

Fig. 79.-Iron

Pattern mounted on the Turn-over

Table of a Machine

desirable when the jointing faces are irregular, having depressions on one

face and correspondingelevationson the other. These are readily cast,
after which the parts must be smoothed with file and scrape.

Onegreatadvantageof plating is that several
small patternscan be put
*
VOL. I.
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on a plate, which in ordinary moulds would be arrangedby hand, and that
all ingatepatternscanbe included,insteadof cutting the channelslaboriously
in every mould (fig. 80). The economies of these last developments are

suchthat the moulds for twenty or more small castingsmay often be made

JD

Fig. 80.-Four

Patterns mounted on a Plate

in the time that wouldbe occupiedfor onein hand-work
by the ordinary
method of turning over.
8. SECTIONAL

AND

SKELETON-LIKE

PATTERNS

Both theseareemployedextensivelyfor the largestcastingswhenrequired
in small numbers, in order to economize timber and labour.

Extra work is

alwaysthrown on the moulder,but the questionis one of relativecost. It
is rather remarkablehow much canbe donewith strickles,sweepingblocks,
andskeletonframes,with the assistance
of coresfor dealingwith the interiors.
Often the pattern-makerhas to spenda considerabletime in the foundry
assistingin the settingof partsand the checkingof measurements.
Sectional Patterns.-This
term includes a large variety of work,
:haracteristicof which is that the provision for making the moulds
_sts of strickles,strips, sweeps,boards,bosses,facing pieces,prints, and
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boxes,elementswhich in mostinstancesbearonly a remoteresemblance
le casting,and which haveto be supplementedwith drawings,sketches,
"erbal instructions. Nearly all this work is moulded in the floor and
:red with a plain top, in which
pattern parts may be setby measurement.
"
ome

cases the moulds

are

open ".

Most foundry tools, such as loam

2Sand rings, gaggers,back plates,core plates,and the larger moulding
2S are made thus.

The first stagein making moulds of thesekinds is the preparationof a
I

bed, for

which

the

Jlel stripsand the spirit1 are requisitioned, or a
2ping board is worked
id

a central

bar.

The

;r method is usually emred when a central boss,

ular facings, or shoul?d sections

are wanted.

;se are formed by the
3 of the board, suitably
iled, the top edge of the
trd, parallel with the
:om, being set horizon7 with the spirit-level.
? bed

is

vented

to

a

ler bed below, and the
ild

is made

on

it

from

sectional parts which the
:ern-maier supplies.

Broadly, moulds may be

O-

aped as rectangular or
ular in plan. The first
be produced by the aid
hallow Strips Or Of deeper Fig.81.-Skeleton
Pattern
fromwhich
alltheOuter
Mould
istaken
rds set on the bed by

isurement, and retained in position with weights, against which the
d is rammed. Any extraaeousportions, as strips, lugs, bosses,or
its, are set in their positions and rammed. A complete frame may be

ie (fig. 81) instead of separatestrips, the outer mould being rammed
and it and supplementaryparts attached,thus relieving the moulder of
responsibilityof setting parts by measurement. If the interior is that of
bbed casting,that is formedwholly with cores.
Moulds which are circular in plan areproducedby the aid of " sweeped"
ions. Any shaperequired canbe readily imparted to these(fig. 8z aad
,

As the length of the section is only 10 in. or 12 in., it has to he moved

nd and reset for successiverarnmings. It is convenientto attach the
cxkto a radiusbar worked round a centre pin. But this is not necessary,
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sincehavinga levelbedswept,theblockcanbe setandreseton a circle
struckroundwith a trammel. It is heldsecurelyduring rammingwith a

weight.Theinterioris formedwith cores.Thetwomethods
justdescribedarein commonusefor cranebedsand centreswhichare of fairly

large
dimensions,
butwhich
areseldom
ordered
inconsiderable
numbers.
With theexception
of openmoulds,onlyusedin makingfoundryap-

pliances
andtheroughest
castings,
a topbox-part
is necessary.
When
a
sectional
mouldis made,the top cannotbe rammedin its placeon it, asis

doneovera complete
pattern.Thenit is eithersweptwith a strickleand

turnedoveron themould,or it is rammedon a hardlevelledbedof sand

away
fromthemould,
transferred
tothelatter,
andsetonit bymeasurement

Fig. 82. - A Sweeped

PatternSegment,
from
whicharingis moulded

Fig.83.-A Sweeped
PatternSegment
setfor Ramming
an
External
Mould

The second
methodpossesses
this advantage
overthe first, that supple-

mentary
pieces,
asfacings,
bosses,
brackets,
Sec.,
canbelaidontheprepared
bedin theircorrect
positions,
andthetopboxbe rammed
on them. This
is ratherbetterthancuttingawaythe sandin a strickled
topandbedding
them

in.

Skeleton-like Patterns.-These differ from thosejust described
in

thefactthattheyinclude
thecorrect
outlines,
thecomplete
contours,
and

cardinaldimensions,
but that the timber constructionis not continuous.

Theoutlines
arerepresented
by a series
of ribs,whichleaveopenspaces
to
be filledwith sand.A largequantityof timberis saved,andlabouris
economized,
withno disadvantages
to set-off.Themethodis employed
for

largepipe-bends,
largecylinders,
condensers,
andthe casings
of steam
turbines.It is usedalsoin makingalterations
to some
patterns.Enlarge-

ments
ofportions
ofpatterns
andreductions
in diameters
of coreboxes
are
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effectedby fitting strips of the required thicknessround the curves,leaving
spacesbetweenthe strips about equalto their width to be occupiedwith
sand.

Fig. 84 is a group of various pipe patterns,two of which on the left
areskeletonstructures. The cylindrical portions are representedby discs,

Fig. 84.-Group

of Pipe Patterns, including

Skeleton Structures

leaving spacesbetween,which are filled with sand at the time of moulding. The core prints are treated in the sameway. The method is only
used for work of fair dimensions, and the larger the patterns are the

greateris the economy. These examplesare by Messrs.Ernest M. Brown
&Co.

CHAPTER

Essential

III

Machines

It is necessary
to usethe qualifyingadjective,becausesomemachinesthat
are absolutelyessentialin some shops would be like white elephants in others,
where they would be only partially employed. The larger the number of
hands, and the more varied the kinds of work done, the more extensive is the

selectionof machines. Small shopshandling specialitiescannot afford to
neglectthe facilitiesthat specialmachinesoffer. There is a wealth of laboursavingmachinerynow available,much of which is of comparativelyrecent
growth, notwithstandingthat pattern-workis still mainly that of the handicraftsman.
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The Lathes.-These take the first place in all shops, since all the
turning is done by the pattern-maker,who aloneis competentto estimate

mattersrelatingto taper,jointing,loosepieces,andmoulder'srequirements
generally. Lathes of from 6 in. to 8 in. centresare for commonuse. It is

desirable
to haveonewith a set-over
headstock
for taper-turning.The lathe
has the ordinary tee-rest. The headsand rest are usually mounted on a

woodenbed,but iron bedsarecommon. Lathesof highercentres,say12
in., andhavinglongbedsarenecessary
in shopswherepipeand column work
is done,and thesefrequentlyhavea sliding rest. Large facework, as that
of fly-wheels,gearwheels,&c., is doneon one of the long bed lathes,fitted
with a headstockspindleextendedat the rear to carry a largefaceplate, and
havinga floor rest there. It is better to havea facelathewith a deephead-

stockboltedto afloor plate,whichmayalsocarrya loosepoppet,andhaving
a sliding rest on a standmountedon a floor plate at the front. The chucks
usedare simpleand few, comprisingthe fork, the bell, and the face plates
of various diameters. The sheetanchor of the pattern-turneris the large
assortmentof wooden chucks,made and used for a variety of patterns,
attacheddirectlyor through the medium of blocks,screwedon and recessed
to receivepatternsfor rechuckinginsteadof cutting into the solid plates.
The Saws.-The circular and the band sawsshould form part of the
equipmentof everyshop. Suitablesizesof circular sawsare from 14 in. to
18 in. diameterwhen new. The table must havea fencefor cutting strips
to uniform widths, and a canting movement to the table is desirable for
sawing lags to a bevel without waste of material. A rising and falling table

is of value for rebating and shouldering. The band-sawingmachine is
indispensable
for cutting curves,and a tilting tablepermitsof cutting bevelled
edges.
The Planing

Machines.-Though

a number of small shops do not

include these in their equipment,they are great time-savers. There are
three chief designs,the first machines one surface only, the second machines
parallel surfaces, and the third, by adjustments of the lower table, imparts
taper. So much of this kind of work has to be done in the pattern-shop that
the fully equipped machine soon recoups its outlay. The procedure is to
plane one face of the stuff over the top table, taking care not to exercise too
much pressure on the board, especiallywhen it is thin and liable to spring

and producea winding surface. The trued faceis then placedon the lower
table,and carried alongby the feed rollers,while the upper face is planed
with the revolving cutters. A fence is fitted to the top table for use when
the edgesof boards are being planed.
The Wood Trimmer or Mitre Cutter.-This machineis hand-operated

throughalever,and savesa gooddealof time otherwisespentin planing ends
of shorter pieces,held in the vice or laid on the shooting board. The
fences,two in number, for right- and left-hand cutting can be set to anjangle. Someof thesego on a bench,others on floor-stands. The knives
in machinesof different dimensionswill take a good rangeof work, from.
7 in. longby 4 in. thick in the smallest,to about 18in. by 5 in. in the largest.
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The Mechanical Wood-worker.-No singlemachinehas effectedso
great economiesin certain departmentsof pattern-shopwork as the MechanicalWood-worker, developedby Messrs.Wadkin & Co. of Leicester.
Previousto its advent,the statementthat a singlemachinewould tacklethe

cuttingof theteethof gearwheels,the shaping
of sweeps,
of bendpipes,and
of the most intricate core boxes, would have been received with incredulity.

Yet this machineperforms thesefunctions,in addition to others of a more
general character.

The machine(fig. 85) is supportedon a main frame, curved deeply in-

Pig.85.-Mechanical
Wood-worker
operating
onsmallSpurWheel.Thewholeof theteeth
cut in eight to nine minutes

wardsto receivearticlesof considerable
width. On this the overhanging

armcarrying
thespindle-head
floatsup or downonsensitive
bearings,
with
a range
of movement
thatwill permitof itsbeingraised
above
the horizontal
position,
or lowered
untilthespindle
is belowtheleveloftheworktable. It canbe setexactlyhorizontallyor in any intermediate
position.

Thespindle
head,
attheouterendofthearm,swivels
between
thevertical

andhorizontal,
andcanbelockedin eachor anyintermediate
position.It
carries
a spindleanda chucksolidwith it, groundto a No.4 Morsetaper.

It runsontwo doublerowsof Hoffmanballbearingsin dust-proofhousings.

It canberotatedin eitherdirection
bymeans
ofa lever,afeaturewhichis of
muchvaluebecause
it enables
cuttingtobedonewith,instead
ofagainst,
the

grain.Thespindle
isfedtothework
quickly
byahand-lever,
andslowly

withafinescrew
adjustment
byahand-wheel.
Thelever
motion
iscontrolled
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byaspringplungertaperpin workingin holesin a quadrant
andhavingan
index,by whichthe depthof cut may be predetermined
and the cutter
gradually
fedinto thework.

The work-tableis massive,and is providedwith tapped holesto secure

holding-down
clamps.It hastwomotions
at rightangles,
oneoperated
by
rackandpinion,the otherby screwand hand-wheel.It is mountedon a
pillarthattravelsalongarunwaywhichis boltedto the mainframe. The
baseof thepillarrunsonanti-frictionrollers,andismovedbyrackandpinion.
The tablecanbe turned througha completecircle on the pillar and locked,

Fig.86.-MechanicalWood-worker
operatingonSectionalWorkof largeRadius. Anylength
may be operatedupon

and can be raisedand lowered. An auxiliary table turning about a centre
pin is providedfor smallwork.

The Rangeof Work Done.-Fig. 85illustrates
thecuttingof theteeth
of a spurpinion,donein aboutnineminutes,a fair day'swork if doneby
hand. It is held in the universalhead that is usedfor spiral and helical

gears. A gear-cutting
fixtureis insertedin the spindle,carryinga flycutterhavingthe samesectionasthe tooth spaces.

Anotherlargegroupof workis thatwhichconcerns
thecuttingof sweeps,
doneatthebenchwith gouges,
spokeshaves,
andplanes. Theyarecut with
an adzeblock(fig.86),the spindlebeingsetvertically,or cantedslightly
if taperisrequired. Thetablecarryingthesweep
ismovedaroundthecurve,
roundthecentreof thetop tableif of moderate
radius,or attached
to a light
formerof woodasin thefigurefor largerradii,thetablebeingmovedalong
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the runway past the front of the main frame. Sweeps14 in- deep canbe
cut. Pipe bendsare treatedsimilarly. Fig. 87 showsa half-patternof small
radius carried directly on the table. The fly-cutter has nearly the same
sectional curve as the bend, and operates on both sides in succession. At

the samesetting a regular curve can be combinedwith a straight length.
When coreboxesfor bendsare being cut, the samemethod is adopted,the
cutter having a semicircularcontour, and the half-box being carried round
a radius or along a straight line as required. But boxesfor branch pipes

Fig.87.--MechanicalWood-workeroperatingonsmallSectionas PatternBendof smallRadius

Anysection
upto twenty-four
inches
canbeoperated
upon,andanyradius.Thewhole
segment
of a circle
maybeoperated,andstraightpartsto anyextentmaybeleft at eitheror both endsof bend.

andthosewith recessed
portionsare cut with the spindleset horizontally

(fig.88),withcuttersof thesectional
shapes
required.
Miscellaneous Machines.-The

circular and band saws,the various

machinecutters,and the benchedgetoolshaveto be sharpened
andkept

in goodworking
order. Though
oftendone
withoutmechanical
aids,these
become
necessary
in the largeshops.On the regularsettingof circular
and bandsawstheir efficiencymainlydepends.Circular-saw
teethcanbe
setin onemachineand evenlysharpened
in another. Band-saw
teethare

ll

setandsharpened
in onemachine.
Thecutters
forplaning
machines
and
otherkindsaregroundwhileheldin a fixturetraversed
pastthefaceof an

emery
wheelof cupshape.Forthesmallmachine
cutters
andfor hand-

io6

PATTERN-MAKING

tools,grinding wheelsand circular oil-stonesare obtainable. Included in
theequipmentof someshopsis the conicaloil-stonefor sharpeningthe concavebevels of paring gouges.

All the machinesin a shop,the lathesexcepted,shouldbe in the charge
of a man or men who alone operate them and are responsible for their

Fig. 88.-Mechanical

Wood-worker operating on Three-way Valve Core Box with numerous Internal Chambers

The core box shown was completed in forty-five minutes.

Approximate

time by hand forty-five hours.

efficiency. This is both economical
and safe,sincecircularsawsand planingmachinesare fruitful of accidentsto inexperiencedhands. The lathesare
usedby all the pattern-makers,
whoalsogrind their owntools.

CHAPTER

IV

The Shop and the Stores
Thelay-outof thepattern-shop
doesnot revealthoseaspects
of interest
which are associated
with the machine-shopand with someof the later
foundries. The real attraction centres in the work under construction.

Thelay-outis similarto that of the carpentersand joiners. Rowsof benches

disposed
acrosstheshopaccommodate
two meneach,workingat opposite
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sides. One long, wide bench with severalvices is reservedfor the larger
patternswhenthe work is of such a characteras to require them. Machines
are arrangedalong one side or one end of the shop, in closeproximity for
convenience
of driving and of operation. The circular saw and the planingmachine must have unobstructed spacesat front and rear for the movement

of boards. The most suitable drive is a gas-engineor an electric motor,
either of them driving a length of shaft from which the machines are driven.

If metal pattern-work is done, this engagesa separatedepartment,or is
relegatedto another building. When large patterns are constructed,large
doorsarerequired at one end of the shop. Whether the shop shall occupy
a groundfloor or an upper story is a matter of no importance. A ridge roof
with north light is desirable, or, having a ceiling, side windows must be of

sufficientarea. The shopshould be heatedwith hot water, unlessa regular
hot air and ventilating system is installed in the works, which may include
the pattern-shop.

The timber should be storedadjacentto the shop. It is stripped during
seasoning, but may be laid edgewise when ready for use. As timber is
expensive,economy can be practised by storing all odds and ends, which are
numerous in pattern-work, on racks at one end of the shop. The selection
of suitable fragments will often save the expense of cutting into a board.
Core prints are turned in quantities for stock by the apprentices. Some are
nailed on patterns, but a fair proportion are turned with studs of some
standard diameter to go on bosses for gear wheels and pulleys. Wooden
dowels may be stocked, but the metal kinds are more durable. Wooden
fillets, hollows, or angles are required for all patterns except the roughest,
"but those of leather are supplied to the trade. Pattern letters of various sizes
and shapesare made in lead, tin, and brass, but these are better bought.
Rapping plates to suit all patterns are purchased. All these are kept in the
shop stores.
Method of Working.-The
organization of the machine-shop is not

representedin the pattern-shop. Methods have been modified by the
introduction of the machinesjust now described. The result is that much
laborioushand-work formerly done on the bench is performed much more
expeditiouslyon machines. All the handsare trained craftsmen,who have
serveda lengthy apprenticeship,and who work under the direction of an
experiencedforeman. And although the practice in the large shops is to
keepcertainmen or groups occupiedwith definite tasks,thesearemen with
a general training, who have drifted into specialization.

Men arepaid by time in mostshops. The variable characterof the work
done,the fact that the greaterportion of it is handicraft, that alterationsare
sometimesseento be desirableduring its progress,and that one foremanis
easilyableto keep the entire shopunder observation,are causesthat favour
paymentby time ratherthan by the piece.
The methodof constructinga pattern is settled by the foreman. When
uncertaintyexistsas to the selectionof the best among alternativemethods
of moulding,it is well to discussthe matter with the foremanof the foundry.
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During the progressof the work he keepsit under observation,both with
a view to save labour and to detect error on the part of the workman, but
without obtrusive interference with the idiosyncrasies of the craftsman,

who often hashis own peculiarwaysof doingthings. When the patternis
completethe foremanmeasures
it carefullybeforesendingit to the foundry.
To deal with the many thousandsof patterns that accumulate, some form

of registrationis essential. A pattern registeris kept by the foreman, in
which is entered the actual name of every piece and the order for which it

was made,but oppositethe nameare letters and numbers,and these are
stampedon the patterns. The lettersarethoseof the alphabet,the numbers,
commencing
with i, run up to a predeterminedlimit, 1000or higher. These
are stampedon the main pattern,on everyloosepiece,and everycore box
belongingto it. If anyportionsstray in the foundry or in the stores,the
lettersandnumbersindicateat a glancethe patternto which they belong.
Written ordersaresentwith eachpatterninto the foundry,with the date,
the order number, and the number of castings required from it.

Error in

moulding,asit affectsfacedportionsorprints andbosses,
is sometimes
guarded
againstby the useof distinctivecolours. Thus, while the patternsare protectedwith yellow shellacvarnish,portions to be faced may be uniformly
paintedblackor red. Coreprints may be paintedone colour to distinguish
them from metal.

The Stores*-These

occupy large areas, since patterns accumulate

rapidly, and many of them with their boxesare bulky. A storied building
is usual,the heavy work being in the basement,the lighter on floors, for which
tiers of shelvesare provided, the widths and spacings of which have to be

in accordance
with the generalclassof work done. Two generalsystemsof0
storageare adopted. In standardwork all the patternsof a set are placed
together, the light and heavy. As these are never altered for different orders,

they 'neednot be checkedover, but sent completeinto the foundry. But
patterns that are not strictly standardized are subject to alteration from time

to time, and this rendersmeasurement
and checkingfor loosepiecesand
core boxesnecessaryfor all new orders. For thesethe practice is to put
all patterns of one class together, from which selections for casual orders

can be quickly made. The letters and numbersstampedon patternsand
their partsshowfor whatpreviousorderstheyhavebeenused,and with what
alterations. All the shelvesare numbered, and the number of the shelf on
which a pattern is stored and the number of core boxes are entered in the

register. Metal patternsarekept in a separateplace,many being hung on
the foundry walls.
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Foundry Work
Introductory
The Work of the Foundries: What it Embraces.-Since
the major
portion of this work deals with the products of the iron foundries, these

must receivethe principal attentionin this article. And it must be remembered

that the essential

methods

of the iron

steel, brass, and malleable cast-iron foundries.

moulder

are also those

of the

The details in which these

differ from one another are so important that each engages the services of
its own specially trained craftsmen, who would have much to unlearn, and
learn, if they should attempt to take service in one of the shops of another
group. But what all have in common are the fundamental facts: that

liquid metalis pouredinto a matrix of sand,usuallypreparedfrom a pattern;
that the moulds are all subject to the same laws that control liquid pressure
and the shrinkages of metal; that the various methods of making moulds,
with one or two slight exceptions, are employed in all foundries alike.
Metal Moulds.-While
the castings poured into sand moulds include
probably 90 per cent of the total quantity of castings made, inuch the larger

portion of these being of iron, there is another and a steadily growing
group, the moulds for which are of cast iron or steel. It embracesthe
chilled castings,and the more recently introduced permanent moulds for
pipes, and the extensivepractice of die-casting,employedfor small, more
or less intricate articles made in the softer alloys, and required in very large
quantities.
Subdivision of Tasks.-In
the very extensive group of iron foundries,
there is much subdivision of tasks. This occurs in all the large shops, and

in many of thoseof small size. The product and the men are specialized.
The greatsubdivisionsare: moulding in green sand,dry sand,loam; .core
makingand machinemoulding,eachoften classifiedunder light and heavy.
In the machine department, further economiesare effected. One man
makes bottoms only, another tops, while a third will core and close, ready

for a fourth to pour. A few yearsago there were craftsmento be found
in most shops who were competentto work in green sand or loam, in
light or heavy moulds, and at core making, while when occasionalcasts
in brass were wanted, an iron moulder would take on the task.
111

These

ii2

FOUNDRY

WORK

madeexcellentchargemenand foremen. They only survivein the ranks
of the older men. Eachdepartmentnow employsits own sets of hands,
producingthe sameclassesof castingsthe year through. Moulders, like
machinists,are specialists.Only in the generaljobbing and repair shops
do exceptionsoccur.

Foundry Metal.-This includescastiron in its numerousgrades,the
steels, malleable cast iron, the immense groups of brasses and bronzes,

alloysof copper,aluminiumand its alloys,and the varied die-castingalloys.
Manyof thesearenow gradedby analysisand by the scleroscope,
insteadof,
as of old, by the foremanestimatingby the aspectof fractured surfaces,
supplemented
by testbar results. For melting,the cupolafurnaceoccursin
manyexcellentdesigns,with its equipmentof fan or blower, blast gauge,
platform, weighing machine, receiver or ladles. Brass-meltingfurnaces
are coke-fired,or oil- or electrically-heated,
with provisionsfor utilizing
the wasteheat. Steelsaremeltedin convertorsof largeand smallcapacities;
malleable

cast iron in air furnaces.

Sands.-In a foundry equippedwith modern appliances,the preparation of sands is done wholly with machinery. It takes charge of them at

every stage, drying, crushing, grinding, mixing, sifting, and conveying.
Suitablemixtureshaveto be gradedfor green,dry, core,and loam sands,
and againfor light andheavymoulds. They differ alsofor steel and iron,
and facings for the moulds are varied. For this work, a complete mechanical
plant is often now installed.
The Treatment of Castings.-This,
colloquially denoted by the

" fettling " and " dressing", engages,in the big advancedfoundries,
a largequantity of machineryand plant, doing work that was formerly all
terms

performed by hand methods. It includes: machinesfor severingthe runners,
with chisels or with saws; grinding wheels; pneumatic chisels for the

removalof fin marks and roughnesses;tumbling barrels for smoothing
castingsby attrition; and, in the later plants, sand-blasting machines, now
made in many designsto deal with castings of all dimensions. In the more

completeplants, dust-exhaustingsystemsof pipes with exhaustersare
installed.

To deal adequatelywith all the aspectsof foundry work outlined in the

precedingparagraphs
is obviouslynot practicable. Neither doesit seemto
be calledfor. Eachsinglesubjectis now highly specialized. The foundry
craftsmanis only directlyconcerned
with and responsiblefor the preparation
of the moulds. The sandsare preparedfor his use,the metal is graded,
suitablymelted,andbroughtto him, the patternsarepreparedto be moulded
in a certain way, from which no essential departure can be made, and he

hasno further concernwith the castingsif they areturned soundlyout of
the moulds. Bearing these facts in mind, it is proposed to occupy the

major portion of this article with the subjectof the preparationof moulds
required for the metals and alloys, leaving the collateral matters to be dealt
with in a summary fashion.
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I

Moulding in Green Sand
The term

"

green sand " does not denote any one of the specific mixtures
used, but it signifies that the sand is moistened and rendered coherent with
water, so that it becomes sufficiently self-sustaining to retain the shape
imparted to it by the pattern, and to resist the pressure of molten metal.
It differs therefore from moulds made in dried sand and in loam, and from

cores,which are desiccated. By far the largest proportion of moulds, large
and small, is made in green sand. As there is no drying process, fuel and

time are saved. Green-sandwork embracesthree systems of working:
open sand, bedding-in, and turning over, or rolling over.
Moulding in Open Sand.-This is but a crude and very elementary

method,and one which is of extremelylimited application, being almost
exclusively employed for making foundry appliances, loam and core plates,

backplates,mouldingboxes,andsometimes
balance
weightsfor cranes.

|

It signifiesthat the mould is not coveredwith a cope,and the consequence

?

is that the upper surface of the casting so poured is left rough and uneven
as the metal solidifies. The necessarydetails may be stated briefly.

I

A LevelledBed essential.-If the bottom of an open mould is not level,

j

thethickness
of the castingwill not be equalall over. The bedis levelled

1

by beddingtwo parallelstraight-edges-"winding strips"-in the sandof the

j

floor,levellingthemlengthways
with a spirit-level,and,in relationto each

J

other,with a parallel straight-edgeset acrossthem, and a spirit-level. The
sandis flat-rammeda little higher than the top edgesof the bedded-instrips,

]
|

andthen strickledoff levelby them. On this bed the mouldis made,
seldomfrom a pattern,but usuallyfrom a skeletonframe,or asoftenfrom

|
j

sectionalpieces. No venting is requiredas in closedmoulds, and no specific

"

sandmixtures,themouldsbeingmadein thefloor.

j

The Formation of Mould Outlines.-If

these are produced from entire

patterns,
ascoregridsgenerally
are,thepatternis laidon thelevelled
bed,
and the sand rammed around and within it, and strickled off.

In most cases

some portions have to be stopped-off to suit various core outlines. In
others, a grid larger than the pattern is required. Here the pattern is rammed
in one position, then removed to another adjacent position, and rammed

again. Generally,open mouldsare constructedwith sectionalpattern parts.
The outlines are marked on the levelled bed by the moulder or patternmaker. External portions are rammed against short sweeped pieces, moved
around and rammed in successivelengths. Large central holes are rammed

againstconcavesweeps. Small holes are formed with cores,measuredin,
and held down with weights. Straight sides are rammed againststraight
strips. In all this work the depth of the mould exceedsthat of the casting
thicknessby from J in. to f in., and flow-off gullies are cut at the height
correspondingwith the thicknessrequired. This is necessary,becauseit
VOL. I.
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is not possibleduring pouringan openmouldto stopat the precisethickness.
The metal is not poured directly into the mould, but into a shallow basin at
one side.

Numerous adjuncts are located in these moulds: loam plates, core
plates, and solid grids with prods or prongsdistributed over portions of
their surfaces. A pattern prod carrying sayhalf a dozenprongs is pushed
by the moulder into adjacentpositions without any particular regard to

*. "'*.*V »"»."" *"" v "' " " '""*;""".'."' * '. "".*"""
. *""'""."../'.".'."*
""""»X*r*"."".""
*"" ""''.' "'.":".".
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" "/" 5"'.."" V."»»'\' " '.'\ -. ^ A:!"
'.'.*.' *;"".*>":.
" '.*""'*"*""'*.*'" * .".'* i'-i;*:" "'***'" v' "»"i.\\'x"-X**'
Fig. i.-Shows

Pattern Frame for Box with Loose Bars moved into successive Positions

A is a diagonal to keep frame square.

B> Provision for swivels,

c, Prints covering lugs for pins.

exact spacings,the prods thereforebeing cast with the plate. Wroughtiron rods of various lengths and outlines are thrust into the mould to
be cast into grids. Long rods with eyes are suspendedin the mould,
so that the metal runs round them and amalgamates.Nuts are cast in
when grids have to be retained in their placeswith screws. Looped
handles are cast in for the lifting of cores.
Large heavy moulding boxes are commonly cast in open sand. The
work is donein successive
stageswith the help of a limited number of parts.
The pattern box sidesare framed entire, but three bars or stayssufficeif
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theiroutlinesareuniform. Thesearemovedalongin rotation,oneremaining
in the sandto affordsupportwhile other two are being rammed(fig. i).
Sectional
patternsfor fittingsfor boxesof varioussizesandtypesarestocked,
andselected
asrequired. Theseincludebox endswith prints for the iron
swivels,and core boxesfor loopedhandles,and for the lugs in which the
pins are fitted.

Moulding by Bedding-in.-This

embracesa very extensivevolume

of work done, the essential characteristic of which is that it is moulded in

the foundryfloor insteadof in a box. The mould is coveredand closedwith
a cope,through which the metalis poured. As there is no bottom box with
locatingpins, the copehasto be set with stakesdriven into the sandof the

floor. Bedding-inis mostlyadoptedin the largestwork. The reasonis,
that the turning over of massiveboxeswith their containedsandwould be
very inconvenient,and in somefoundries impracticable. The cost of the

Fig. 2.-Strickling

Facing Sand on a Mould Bed

A, Thickness of facing.

boxesalsowouldbeartoo higha proportionto that of the castings,
which
are seldomwanted in large numbers. And provided reasonablecare is

exercised,
castingscan be madeassatisfactorily
by bedding-inasby turning over.

Variations
in Details.-Methodsof procedure
aremodifiedby theshapes
of patterns. If thesehave level lower facesand broad areas,a levelledbed

is strickledunderthe guidance
of windingstrips,asdescribed
in the making
of openmoulds. The ventsfrom the large areasmust be driven down into a

cinderbed,to be broughtawaythroughlargeventpipesextendingfrom the
bedto theoutsideof themould. Insteadof usingwindingstripsfor levelling,
the horizontaledgeof a sweepingboard can be worked round a centralbar,

a methodwhichis adoptedwhen centralbossesand annularfacingshave
to be producedin the bottom. On the bed,first prepared,the patternis
setandrammed. Thismayeitherbecomplete,
or a skeletonoutline,against
the outerfacesof which the mouldis rammed,leavingthe interior to be
formed

with

cores.

Whenpatternshaveirregularoutlines,and parts projectinginto the
bottom,suchasdeepflanges,ribs,bosses,
andlugs,eachportionhasto be
treatedin detailif lumpy castingsareto be prevented.If the patternis
very diversified in outline, a level bed is of no value.

If its main web is

flat,thebedis required. In eachcasethefloor sandis preparedby digging
andflat-ramming,
andoverit a thickness
of i in. or moreof facingsandis
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sieved. A fairly evenquantity may be ensuredby laying two strips on the
floor sand, say i in. thick, and strickling the facing sand level with these
(fig. 2). The pattern is beddedon this, and driven in with blows of the
mallet, applied with sufficientfirmnessto leaveits outlinesimpressedon the
bed. Where the projectingportionsare beatendown, the sandis rendered
harder than elsewhere,and the castingmight becomescabbedin consequence.

The pattern is removed and the hard sections of sand are loosened

with the trowel and the pattern beddedagain,frequently more than once.
More facing sandis addedwherenecessary,
looseportionsare tuckedunder
with the handsand the peggingrammer,and any necessary
venting is done
with the pricker. In plain patternshaving narrow sectionsor semicircular
outlines, the whole of the work may be done by tucking the sandunder,
without removingthe pattern. The pipe in fig. 3 canbe mouldedby tucking
under.

Formation of the Cope.-Any plain top box part of a size suitableto

Fig. 3.-Iron

Pattern of Pipe with Flangesof Wood suitablefor Bedding-in by tucking Sand under

cover the mould is selected. It is set in its position with four stakes, that

take a bearing againstjoggleson the box sides,or againstits lugs. It is
then rammed on the pattern, removed, turned over, the mould finished

and the box replaced,guidedby the stakes. The copeis then loadedwith
weights before pouring, sincethere are no box pins to be cottered. As the
top is plain, the staysstoppingshort of the joint face,the sandin any deep
recessedportions of the pattern hasto be carriedwith lifters hung from the
stays, or, in other cases,when the deepportionshavelarge areas,grids are
suspendedfrom the staysto carry the sand. Whenmoulds are so long that
they cannot be coveredwith a singletop, two boxesare laid side by side.
Long, flimsy patternsgive trouble when bedded-in,becauseit is difficult to
prevent bending and winding. The progressof the work is therefore
checkedconstantlywith straight-edges
and winding strips.
A large volume of work is done in the floor when, insteadof complete
patterns,frames or sectionalelementsonly areusedfor the exteriorportions.
This, though not strictly a processof bedding-in, is allied to it, sincea bed
has to be prepared,and vented down to a cinder bed, and the mould is
coveredwith a plain top. Bedplatesof rectangularand circular outlinesare
often made in this way. When copesare not plain, but contain bossesand
facings, and there is no completepattern with a top boarded over to ram
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on, thecopeis rammedfirst on a dummysandface. A levelbedis swept,
correspondingwith the mould joint, the various pattern piecesare set on
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Fig. 4.- Half Fly-wheel Mould made without Pattern, using a SweepPiece and Cores

this by measurement,
the copeis rammedover them and removed,the sand
in the bed dug out, the mould
made, and finally covered
with the cope, which is
guided into its original position with

the stakes.

Though
these large
moulds are made in green
sand, the surfaces are often

hardened slightly

by the

process of " skin-drying".
A devil containing burning
charcoalor cokeis suspended
in the mould, which drives

off a portion of the moisture.
But

for

different

dried
mixture

moulds,

a

of sands is

necessary,and these are contained wholly in boxes.
Figs. 4 to 9 illustrate examples of work made in the

floor. Fig. 4 is a half flywheel mould.

The rim has

Fig.5.--Portion
ofFly-wheel
Mould
A,Halfcores
closed.B,Halfcoreopen.

beenformed with a sweeped
piece,and the arms with cores. The joint facesof the rim and the boss

are closedwith piecesof loam cake. Fig. 5 is a portionof a fly-wheel*
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made with a sweepedpiece for the rim, rammed againstouter and inner
curves, and having the arms formed with half coresjointed in their middle
plane. The halves are closed at A, the lower half core is open at B. The
projections seen are the sides of the grids. Bossesonly have to be bedded

in bottom and cope.
Fig. 6 is a castingmouldedwithout any pattern portion excepta sweep
that forms a circular print, shown at A. Half a dozen cores (fig. 7) are made

in the box (fig. 8), which, when laid on a level bed, producethe holesfor
the lever bars, and the

spacesadjacentfor lightening. A central boss
has

to

be

set

in

the

bottom and cope.
Cores,

bosses, and

facing pieces often have

Fig. 6.-Casting of CapstanHead to receivethe Bars
A indicates a circular print and the joints of cores.

Fig. 7.-Core for CapstanHead

to be set in by measurement.In somecasesa templetis useful. An
exampleis given in fig. 9, used for makingprint impressions
in the
bottom of the mould for a boilermaker'slevelling block. The holes are

first pitched and bored correctlyin the templet,then the print, having
a shoulder to determinethe depth, is thrust into each hole in succession.
The half holes round the edgesof the templet are laid against the cores
already inserted.

Moulding

by Turning

Over.-This

method requires at least two

box parts,a top anda bottom,withinwhichthemouldis whollycontained,
anda middle part is frequentlyincluded. It is,of course,
the idealmethod,
becauseboth faces of the pattern are treated exactly alike, each being

subjectedto direct rammingof the sandagainstit. This is thereforethe
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mostuniversalmethodof moulding. Its valueis mostevidentwhenpatterns
havevery intricate outlines,undercutportions, deepprojections,loosepieces,
bosses,ribs, and so on. These can be evenly rammeddirectly, and parts
which are troublesometo dealwith when bedding-in are more accessible.
In the usual practice, that is,
apart from the employment of joint
boards or of plates, the pattern is
embedded in a body of sand in the
top box, which is thrown out after
the joint face has been made. But
it is only shovelled in and made
sufficiently hard to ram on, so that
the loss of time

is not of much

im-

portance in the work of the general
shop. The following states the typical
sequenceof this work. The top box
part is laid with its top face on the

floor, is filled, and roughly rammed
with sand up to its joint edges, and
the top side of the pattern is bedded
in this, until the joint edges of the
pattern coincide with the sand joint,
which, whether plane or irregular, is
shaped and sleeked with the trowel.
Parting sand is strewn over this, and
Fig.8.-CoreBoxforCapstan
Head
the bottom box part is placed over
the upstanding pattern, and cottered to the top box. After ramming and
venting, the two are turned over together, the bottom being brought to a
level bearing on the sand floor. The temporary sand is knocked out of
the top box, then replaced on the bottom, and rammed permanently. If
a middle part is used, this
being interposed betweenthe
top and bottom, an additional joint is required.
The advantagesof direct
ramming are secured in
other ways where boxes are
not

turned

over,

but

the

treatment properly belongs
tO plate and machine-moulding.

Fig-9--Templet
forsetting
CorePrints

Although it is usual to joint patternsin the plane of the mould joints,

the practiceis far from universal. The smallerthe patternsare,the less
frequentlyare theyjointed. Brassmouldersseldomusejointed patterns
exceptin thelargersizes,but lay solidpatternsin odd-sides.Thereis less
risk of the occurrenceof lappingjoints than when top and bottom portions
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are located with dowells, and in long patterns like that in figs. 3 and 10,

if made In timber, warpingin the transverse
and longitudinaldirections

Fig. io.~-PipePatternnot Jointedfor Turning Over. Showsmethodof fitting flangeslooselyin grooves

is lessliable to occurthan in a patternthat is madein two portions. But
as the top box must then be lifted off the pattern, it is better to leavethe
flanges loose,becausethey haveverticalfaces.

Fig. II.-Jointed

Bracket Pattern

"Fig. 12.-Jointed

Bracket Pattern

Three examplesof bracketsin which the jointing coincideswith that of
their moulds are given in figs, ir to 13. In the first the joint is alongthe
middle plane of the web, in the second
along its top face. If thesewere not parted

II

asshown,
thelifting
ofthecope
sand
off
the vertical rib would fracture the sand, to
avoid which the rib alone is often left loose,

and the upper portion of the bossand of

I

the foot madefast. In fig. 13,the upper
boss and its bracket, shown dowelled, are
often made fast. Each of these patterns

might alternativelybe moulded sideways,
that is as they lie on the paper.

Fig.13.-Jointed
Bracket
Pattern

Fig. 14, the radial arm of a drilling
machine, should properly be jointed in

the plane aa, and moulded by turning over, but bedding-in offers no
special difficulty. The prints for the column core are dotted at A, A; the
overhangingportions of the facing for the saddlemust be loose,as at B,B.
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Fig.15isafusee
drumfora derrick
crane,
having
theratchet
castatone

end. The ratchetis madein a core,the print for whichis outlinedat A.

Fig.16is itsmould,
cored
ready
forpouring.Reference
to some
ofits
detailswill follow presently.

B !

A
B

Fig.14.-Radial
Armof DrillingMachine
aashows
jointing. A,A.,Prints. B,B,Loose
pieces.

Detailsof Green-sand
Moulds.-Although
some
details
given
here
concern
moulds
made
in driedsand
andloam,
others
donot,or onlyin a

lesser
degree,
sothatthepresent
section
isthemost
suitable
fortheirconsideration.

Provisions
Made
for theSupport
of Sand.-Owing
to thefragile
nature

Fig.15.-Section
ofFusee
Barrel
forDerrick
Crane
A, Print for ratchet core.

ofgreen
sand,
abundant
support
isrequired.
Allboxes,
except
thesmallest,
those
say
offrom
12in.to15in.across,
arebridged
with
stays
orbars
(see
figs.
16
and
36),
spaced
at
from
6
in.
to
8
in.
apart.
Those
in
the
bottom
boxareflat,since
thesand
there
cannot
fallout,being
supported
bythe
floor
onwhich
thebox
rests.
Those
inthetopare
vertical,
extending
down
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to within f in. of the joint face in a " plain top ", or to within f in. of the
pattern when the box is made for specialwork only. In the latter casethe
bottom bars are shapedsimilarly, as in pipe and column work. The bars
retain the sand by their proximity, and the friction of their rough surfaces,
assisted by an application of clay wash before ramming. Middle parts
seldom have any bars, but narrow flangesare cast within top and bottom
edgesto assistin sustaining the sand, and to carry rods laid on them and
disposedcloseto the pattern. Small flasksfor brassmoulding haveinternal
flanges,and somehavetheir sidesrecessed
to a very obtuseangleto prevent
risk of the sand falling out.

Fig. 16.-A

Cored-up

Mould for a Fusee Barrel

Lifters, Rods, and Nails.-When deep portions of moulds or recessed
pocketsof sand extendconsiderablybelowthe lower edgesof the bars,these
receive support with " lifters " or " S-hooks " (see fig. 16), suspendedfrom
the tops of the bars, and going down into the sandrammed around them.
They are bent at both ends, one to rest on the bars, the other to assistin
holding the sand. They are wetted with clay water.
When portions of sandextend out horizontally,they would break down
by their own weight, or be washed away by the inflowing metal, unless
supportedwith rods in the larger sections,or cut nails (sprigs)in the smaller.
In each case the length must be sufficient, when enclosed in the sand, to

counterbalancethe portion that overhangs. All weakportions of sandhave
to be treated thus, so that a rather large amountof " sprigging" hasto be
done in some moulds.

Venting.-With the exceptionof somesmall moulds,madewith an open
self-venting sand,and most loam moulds,venting donewith a rod or wire is
necessary. The vents are driven from the outside of the moulds closeto
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the surfaces
of the patterns. The air andgasescapedirectlythroughthe
topof thecope. That fromthedragis broughtout throughlargehorizontal
channelsdriven between the bottom of the box and the sand floor on which

it rests. Ventsthat comeinto the joint facesare led into shallowgutters
cut in thosefaces,and surroundingthe mould,to comeout through the box
joints. The vents from large bedded-inmoulds in the bottom are taken

downto a cinderbed,to be discharged
throughpipesoutside. A similar
practiceis adoptedwhen very large massesof sandoccur in closedmoulds.
Bodies of clinker or coke are introduced.

Into these the vents are led.

The

gasesare dischargedquietly through thesewithout risk of partial explosion
andshockto the mould. Ventsfrom largemouldsaregenerallyignitedwith
a hot skimmer. The amount of venting in moulds varies. Close,loamy
sand,and portions that are rammedhard require the maximum amount.
Insufficientventing is productiveof blow-holes,and of scabbing.
Deliveryand Mending-up.-Somerappingis necessary
to loosenpatterns
for delivery. Its severity has to be greaterwith increasein depth, in the
proportion of vertical faces,and in area. The point of the bar is inserted
in the pattern, or in a hole in a rapping plate, and the bar is struck with a

hammerlaterally from all sides. During the early stagesof delivery,the
top of the pattern is rappedslightly with a woodenmallet to assistits detachment from the sand. The edges of the mould all round adjacent to the
pattern are swabbed with water to lessen risk of the sand being torn up.
But some fractures, except in the case of semicircular and allied outlines
that are most favourable to delivery, almost invariably occur. These have
to be repaired by a process of mending-up.
When a mould is very badly damaged,it is better to put the pattern back,
and re-ram the parts, but this is not practicable when it is of unwieldly
dimensions. Portions of the pattern are sometimes detached for making
broken sections good; often supplementary pieces are prepared to avoid
such removal. In most instances the moulder mends up with any odds and

ends suitable-straight strips, sweeps-or he bendssheetleadto outlines.
Nails may be thrust into the broken sections,and swabbedto assistthe
coherenceof the sand, and a stronger sand,skin-dried, will often be useful.

I

In mending-up,it is not easyto preservecorrect dimensionsand outlines.

I

Often
thisis oflittleor noconsequence,
butit is sowhenworkhastobeset

j

in fixturesfor machining. This is oneof the reasonswhy machine-moulded
castings should then have preference.

PouringArrangements.-Many
mouldsfree from faultsin the making
haveproduceddamaged
or wastercastings
becauseof impropermethods
of supplyingthemwith metal. Molteniron, steel,and brassare heavy,
andsandis fragile. The idealmethodis to bringthemetalin, in a position
which varies in different classesof moulds, and to let it distribute itself, and

rise quietly,insteadof rushingandbeatingagainstweaksections
of sand,
againstcores,or parts that haveto be machined.Mouldsof moderate
deptharegenerallypouredfrom thetop (figs.16and 36),themetalbeing

broughtintothethickestportionof thecasting,
suchasa centralboss,the
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ingate and runner beingone. Deepmouldsare treateddifferently. The
metal is either led in somewheredown the side,to lessenthe height of its

fall, or at the bottom,to risequietlywithoutanycuttingactionor splash.
The pouring basinsfor small moulds are of simplecup-shapes,moulded
in iron rings set on the top box, through which the metal,skimmed,passes
directly into the mould. But when large moulds are poured from a ladle
slung in the crane,somelittle time is spentin tipping and adjustingthe spout
of the ladle. The first driblets, therefore,are not permitted to fall directly
into the mould, but into a deeperdepressionof the basinto one side of the
runner.

The metal then being poured into this in a full volume overflows
into the runner, slag being kept back by
the

skimmer.

When

a mould

is

filled

through severaladjacentingates,they are
supplied from a common basin. Long
moulds are poured from opposite ends,
to avoid the chilling effects of a tooprolonged contact with the cold sand.
No

rule

can be stated

for

the cross-

sectional areas of runners and ingates.
These have to vary with the degree of
fluidity of metals and alloys. The only
rule is to have them large enough to fill
the mould before any chilling effect can
occur.

Also, the thinner

the metal the

morenumerousmustthe ingatesbemade,
until for the thinnest a spray of runners
is used, fed from a common ingate. In

castingsof mediumthickness,a runnerof
oblong section,muchlongerthan its thickFig.17.-Skimming
Chamber
A,Chamber.
B,Ingate.C,Riser.

ness, is used. Oblong runners are also
better than large round onesfor the fettlers,
becausethey are more easily severed, and
are less likely to cause a depression in the casting if broken off.

Skimming chambersare provided when metal has to be scrupulously
clean.
back

Ordinarily

metal is cleansed by " dead-melting ", and by baying

the scoriae in the ladle

with

the skimmer.

When

small

articles

have

to be machined all over, centrifugal action is enlisted to send the heavier
metal to the circumference of the chamber (fig. 17), whence it is directed
into the mould, leaving the lighter impurities about the centre, to remain
there or to float up into a riser.

Risers and flow-off gatesresemblethe plain cup-shapedpouring basins,
and their functions are (a) the relief of excessof pressure and strain on the

top part of the mould, and (6) the dischargingof an excessvolume of metal
with which dirt and air bubbles might have becomeentangled. Pouring
is therefore continued for a short period after the mould has been filled.

The relief of strain is important in the caseof moulds having large areas.
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The liquid pressurewill oftencausethe top part of a castingto " gather"
J in. or morein thickness.Risersrelievethis strainby providingopenings
into whichthe metal, otherwiseconfined,risesquietly. The risersare
closedwith a ball of sandor clayduring the pouring,andarefloatedoff
by the filling of the mould.
The object of " feeding" or " pumping " is to supply additional hot
metal to compensate
for the shrinkageof heavymasses. It is donethrough
a pouring basin, or a specially made opening and cup.

Molten metal is

poured in, and a J-in. or f-in. rod insertedand pumpedup and downuntil
the metalbecomestoo viscousto permit of further movement.

CHAPTER

II

Moulding in Dry Sand
Moulding in dry sand is reservedfor somemassivecastingsthat are
required perfectly sound, and free from minute specksand blow-holes.
Its principal applications are to steam and hydraulic cylinders. Only
strong mixtures of sand can be dried. This excludesall the greensands,
which, however,are frequently bakedon the surface-" skin-dried". The
porosity of the sandin a dry-sandmould when dried largelytakesthe place
of the venting with the wire done in a green-sandmould. The presenceof
moistureeven in small quantity in a mould imperfectly dried is therefore
a source of risk.

Practicallyall dried-sandmouldsareenclosedwholly in boxes,andturned
over. They are put bodily into the stoveto be dried. Sincethe sandis
very fragileafter drying, all mouldsaret: finned" in the joint facespreviously
to or immediatelyfollowing the delivery of the pattern, that is, they are

presseddownhard with the trowelfor a distanceof an inch or two back
from the mould boundaries,so that when dried and closedthey will not

fracture. A slight fin is formed,but this is of no importance.Moulds
madein dry sandwill bearharderrammingandmoreswabbing
thanthose
of greensand. They are coatedwith wet blacking,while thoseof green
sand are dusted with plumbago powder.

J
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CHAPTER

III

Moulding in Loam
Moulding in loam is essentiallyan application of the form or profiling
principle on a large scale to the making of moulds. The loam mixture
used is a strong sand, mixed
with

horse manure.

The

mix-

ture, having been renderedplastic with water, and thoroughly
mixed in a mill resemblinga

vf:yv;>.%:
mortarmill,is sweptin thiscona?ii»£V-- dition with the bevellededgeof
a board, which is attached to a
vertical

bar

and

rotated.

The

profile of the mould in vertical
section therefore corresponds
with the profiled edge of the
board, and its diameter is set by
*

the radius of the board, measured

t

from the centre of the bar.
mould
has to be dried

I
I

I

The
after

sweeping.
Largecentral
cores
are swept like the moulds, but
small cores are rammed
and dried.

in boxes

Methods of Affording Support
to Loam.-Since

the

treatment

of a plastic material, when swept,
differs entirely from that of sand
rammed within flasks, suitable

methods of supporting it have
to be provided. All the load of
a mould (fig. 18) is carried on
massive plates, or rings of cast
iron. These are from 2| in. to
3 in. thick, studded with prods
all over the face that
"'.'."""."""'"i^LViysf&fSfC<4<*

i. rs<s,fws.(fff,f4'.*..

."-.

.

,

receives the

-11-11
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-J;:i;:.< loam, and provided with three or
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Fiff. 18.-A

Loam Mould

f°ur ^u§sto receiveslingsfor the
with Central Core in situ. Pouring

Basin,ingates,
andFlow-offGate

purpose
of lifting
the, moulds,
.\
r
t
or, in the case of central cores,

with long rods cast in, with eyes.

The vertical walls of moulds are swept against tiers of common bricks,
built up in a somewhatrough fashion of whole bricks and broken frag-
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ments,but alwaysbreakingjoint. The bricks,dippedin clay wash,are
embeddedin loam, and finely broken cinders or coke are inserted at

intervalsin the largerspaces
to assistin carrying off the vents. At about every third or
fourth course,a layer of headersis laid in to
serve as binders.

When a mould is very deep,

an iron ring, inserted about half-way up, will
lessen risk of distortion

of the brick walls.

The daubing on of the loam by hand, and
its sweepingwith the board proceedswith the
building up of the bricks. From i in. to i J in.
of spaceis left betweenthe facesof the bricks
and the edge of the board. Coarseloam is
used for the greaterportion of the thickness,
a finely ground mixture for the facing. On the
completion of the work, the mould is dried,
and blackened with wet blacking, which is

afterwardsdried. Venting is not required in
the samedegreeas in green-sandmoulds, because the loam, when dried is, like dry-sand

moulds,largely self-venting,and the precaution
is taken to occupy all roomy spacesbetween
bricks with fine cinders. But where large
massesof loam occur, which often happens in
non-symmetrical castings when pattern parts
have to be set in by measurement, the vent

wire is usedfreely. After theselooseparts are
put in position, loam is daubedagainstthem,
still supportedagainstbrickwork,and they have
to be left in situ during the drying of the

mould in the stove(figs. 19and 20). There Chest
Fig.
to19.-Pattern
be embeddediWork
a
against
for
a sweptSteam
is risk, unlesscare is exercised,of these loose upLoam
Mould
pieces becomingshifted during the sweeping,

andof their warpingin the stove. Theymustnot be varnished,
but oiled.

PatternWork for CylinderFootto beembedded
againsta swept-upLoamMould
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The loam that lies in contactwith them deliversbadly, and has to be
made good by mending-up.

Jointing.-Sincemouldingboxesarenot available,
jointing can only be
done in the actual moulds. The positionsof joints are determinedby the

shapesof moulds. All flangesinvolvejoints and frequentlyextraneous
fittings. The bricks and loam above a joint must be carried with a ring
(fig. 18). The copeof a mould is carried on a plate having holes for the
ingates,and is turned over, the bricks being retainedwith rods and plates,
though many plain tops only require loam swept directly on their prods.
All joints exceptthat of the cope are plane faces,and the copemay be the
samewhen it has,no boss or other part that requires exact centring. In
this casethe joint is provided with a check(fig. 18) that renders it selfcentring when lowered into place. The
difference between this and other joints is
that

these

can be seen and set while

the

mould is open. This cannot be done with
the cope which closes the mould.
Pouring and Shrinkages.-Loam moulds

" '

t

u»

I!

Fig. 21.-Skeleton Pattern of Pipe Bend

Fig.
22.-Skeleton
Pattern
with Sand
ofS-pipe
with
bpaces
filled

i f

are poured from the top, usually through a circle of ingatesin an annular
basin (fig. 18). Moulds must not be closeduntil shortly before pouring
is done, since they absorb moisture.

In deep moulds, the pressure is

so great that the bricks alone would be liable to yield, and they are
therefore rammed in the foundry pit, enclosed with sand walls, or with

iron rings. The shrinkagesin large mouldswould causefracture of the
cooling castingsif measureswere not taken to enablethe mould to yield
before them. A layer of loam bricks is used under a top flange, which
become crushed under the pressure. Often the labourers break away
some of the common bricks under a shrinking flange. Large loam cores

which would hinder diametral shrinkagehave a perpendicular insertion
of loam bricks which yield before the shrinking cylinder. The interior

of a large core is filled with cindersto receiveand carryoff the gases.
The gases,from the exterior mould are brought out at the top and sides,
the latter being formed with large vent channelsarrangedin a circle outside

themould(fig. 18),madewith iron rodsrammedin the encirclingsand,and
withdrawn.

Non-symmetrical
Work,-This relatesto loammouldstakenfromskeleton
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patterns.The patternis broadlysimilarto the casting,
beingformedof

stripshavingthe samediameterasthat of the casting. The spaces
between
the stripsare filled with sandto givea continuoussurface,andthe coreis
built within and dried, and the outer mould constructed. This is dried,
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andremoved
in sections,
the patternis unscrewed
andtakenaway,leaving
the coreto be removed.An advantage
of this methodoverthemakingof
a separate pattern and core box is that the correct thicknesses are ensured.

But the realreasonfor theadoptionof themethodis economy
of timberand
pattern-maker'stime. It is reservedthereforefor the larger castings.
Loam Patterns.-These, swept in loam, are used instead of thosemade

of wood,to be rammedin mouldsof greenor dry sand. This is a rather
large and importantsectionof foundrywork, the objectbeing,asin loam
moulding, to save the prohibitive cost of complete patterns of wood. It

includessymmetricalwork, revolvedagainstthe profilededgeof a board
fixed on the coretrestles,andnon-symmetrical
articles,formedashalf patternswith strickles,the longitudinalmovements
of whicharecontrolledby
guide irons, or by the edgesof contour plates on which the pattern halves

Fig. 27.-Pipe

A, Guide iron.

B, Core grids.

C,Core.

made in Loam

D, Strickle.

E, Mould with core and its chaplets.

are swept. The longitudinal shapesare determinedby the characterof the
castings required. They may have regular or irregular curves, or curves
combined with straight portions. Insteadof using loam patterns,it is often
cheaper to make a rough skeleton pattern of wood, with outline ribs, fill
the spaceswith sand, and ram it in the mould. Fig. 21 showsa skeleton

pattern for a pipe bend as sent from the pattern-shop,and fig. 22 one
for an S-pipe, having the spacesfilled with sand.

Figs. 23 to 26 illustratethe makingof a pattern,and corefor a loam
bend. A is the guide iron, set with weights,B is a slenderbody of loam
which forms the vent channel of the core, E, a part of which, D, is seen

roughlydaubedon the grid C in fig. 24, with its vents,andwhichis com-

pletedin fig. 25. In fig. 26 the pattern"thickness"F, corresponding
with the thickness of metal in the casting, has been laid on, and the

standardiron pattern socketG and spigot H set, completingthe half

pattern. After the patternhasbeenmoulded,the thickness
is stripped
off, leavingthe coreready,whenblackened,
for insertion.In fig.27 the
core strickle,controlledby the guide iron, is seenbridgingthe core,and
the mould is shownto the right, with the core inserted.
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Core-making
The foregoingdescriptions
relativeto the makingof mouldsapplysubstantially to the preparation of cores.
That is, these may be (a) rammed in

greenor preferablyin dry sand,(b)
sweptin loam with revolvingor with
fixed boards,or (c) madewith strickles.
Generally,the sameprovisionshaveto
be made for cores as for patterns,in
the shapeof taper, in the employment
of loose piecesand prints for inserted
cores, and for shrinkages. Taking suit-

able precautions,there is no castingso
intricate that it cannot be produced
r

With the help Of COreS.As the SUppOrt
of a moulding box is not available,a

«.<,*/".!_"
u A
Fig. 28.-A Core being swept againstthe edge

ofaBoard
onTrestles

largeamountof detailis associated
with the supportingelementsaround
which cores are rammed.

These are round rods and wires in the smallest,

Fig. 29.-Core swepton Barfor FuseeBarrel,fig. 16. The sectionof the castingis drawnon theboard
for the information

of the moulder

and grids of multifariousforms in thoseof largedimensions.For loam
cores made by rotation against the edge of a board, stiff cylindrical bars
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are revolved on trestles (figs. 28 and 29), the latter showing the section
of the core inserted in fig. 16, and the castingsectionon the board. These

\

7

\

)

"

)

T>JU 1j 1 1 ) 1 1 4X7

ff<C? CD C=J CZ3 CZ7

Htmtttt
Fig. 30. - A Grid with Rods and Lifting Eyes cast in. The relation of the core rammed on it is
indicated by dotted outlines

carry the loam and hay bands,and are perforatedfor the dischargeof the
gases generated during pouring.
vision,

In the absenceof a containing flask, pro-

in the form of rods with

eyes, and of extensions of grids,

has to be made for lifting all
except the lightest cores.
Cores

rammed

in boxes

are

always liable to increaseslightly
in dimensions, and to " gather "

as the saying is. The box sides
yield before the pressure of
o

Fig. 31.-Grid
afford support
Sides

o

with Vertical Rods cast in to

Fig. 32.-Core Box for Ratchet End in fig. 16

to a deep Core having Vertical
A, Ratchet.

B, Shrouding,

c, Line of joint in core.

ramming, and when removed the core swells a little. This is the reason
why so many of the larger cores have to be " rubbed " by the moulder to

reduce their dimensions. A careful pattern-makerwill counter this by
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making the box sidesas rigid as possible,and by slightly reducing the interior

dimensions. These precautionsshould alwaysbe made in standardized
^^vork, and provision made for the
taper of core prints in the boxes,
to avoid rubbing the taper on the
cores.

Another reason why cores

iKS '"""'
'."-:''.""-""*};
mm
U^fcv
Fig. 34.-End
ig- 33--The

Ratchet Core in fig. 16

Core without

Ratchet in fig. 16

A, Line of joint in core.

should be made slightly below size is that, when dried, they are so hard
and rigid that they retard the

shrinkage of the casting,so that
the

interior

too

large, or in some cases

fracture

either

occurs

comes

unless

out

the core

is loosenedwhile the casting
is cooling.
Details of Core Formation.
-Generally this work is done
by the core makers, a class of
men apart from the moulders.
But this is merely a matter of
economy, a useful division of
tasks, since moulders can prepare their own cores, and do so
frequently in the small shops.
Referring first to those cores
"which are rammed

in boxes,

the work is substantially that
of dried sand moulds, with the
difference
before noted, the

employmentof an interior supporting skeleton,the " grid ",
Fig.35.-Core
BoxforBevel
Wheel
in place of an exterior flask.
The first thing, therefore,which has to be decided is the form and dimensions of the grid. This both carries the load of sand, and affords the
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Fig. 36.-Cored

Mould

for Bevel Wheel

meansof lifting it into the stove and mould (figs. 30, 31, 35, and 36).
When practicable,the core is rammed in the sameposition that it has

Fig. 37.-Core Box, with Vent Rods

Fig. 38.-Core with Stiffening Rods

Fig. 39.-Shows Vent Rodsin Core

Fig. 40.-Vent Strings in Core

to occupy in the mould, turning it over being generally avoided. Eyes
thereforecome in the upper part of the core. The outlines of the grids
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be made for every core. These are cast in open sand from patternskept
in stock, the moulds being stopped off to any outlines and dimensions
required. A large proportion of core grids can only be removedfrom the
interior of their castingsby breaking them up and extracting them in fragments, for which reason they are not made of

sections stouter than are necessaryto sustain
the load of sand. And generallyin the deeper
cores, the cast grid occupies the bottom only,

Fig. 41.-Cores inserted in Drop Print
Impressions, bottom and top parts

Fig. 42.-Core inserted into Drop Print Impression and moved along into a boss

support for overhangingmassesbeing afforded by wrought-iron rods of
from J in. to f in, diametercast into the grids (fig. 31). For small weak
sections, nails are embedded

in the sand as in the similar

situations in

moulds. Grids for cores therefore assume an infinite variety of forms.

Having the core box set on a level surfaceof

iron, wood, or sand, and the grid prepared,a :":-\V';^%'X-;-/./V/t>\'v?r'r;^:V

Fig. 43.-Core Box, which includes two coresin drop prints

Fig. 44.-Setting a Core diagonally with bottom print only

stratum of core sand is sieved over the bottom, to a depth, say, of about
i in., and the grid, well swabbedwith clay wash,is bedded on it. More

sandis sievedor shovelledover the grid, and rammedover the grid and
againstthe sides,usingthe peggingrammer. Then, in all coresexcept
thosewhich are shallow,a portionof the sandis scoopedawayfrom the
centreand heapedagainstthe sides,and rammedwith additionalsupplies
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untilthetopof theboxisreached.
Theventwireisnowused
freely,
being
drivenfrom the centralopenspaceto the box sides. The interioris next

filled with brokencindersor clinkersjust lightly consolidated
with the
rammer,a pieceof tubeinserted
to receive
andconvey
awaythevents,and
the coreis completed
with sandrammed
overthecindersto thetopof the
box. Theedges
areswabbed
withwater,theboxsidesdetached
andremoved,
leaving
the corestanding
readyto beput intothedryingstove.

Fig. 45.--Setting a Core diagonally with
bottom

and top prints

Fig. 46.-Pattern with a long top print
for fig. 45

Referring to fig. 15, it will be noticed that the ratchet cast on one end is
shrouded or capped, which involves making a joint in the core. The box
is shown in fig. 32, the ring core being in halvesfor insertion in top and
bottom moulds, the corefor the ratchetin fig. 33, and the remainderin fig. 34.
Fig. 35 shows the core box for a bevel wheel, with the core completed,
the grid, and central massof cinders being indicated, and the strickle that

producesthe curvecorresponding
with theedgesof the verticalarms. Fig.
36 illustrates the mould, cored and closedfor pouring.
Cores that are curved and thin, like those for the passagesof cylinders,

have to be stiffened with rods, and vented with channels. Fig. 37 shows
a core box, ready for ramming,with vent rods inserted; fig. 38 a core with

stiffeningrods; fig. 39 showsventrodsin a corepreviousto its removalfrom
the box; and fig. 40 the filing of grooveswherethe rods cross,for the
insertionof core strings,the portionfiled beingfilled after, andthe string
withdrawn.

Fig. 41 illustratesthe fitting of coresin drop print impressions;
fig 42,
the thrusting of a corealonginto a boss,the spacebehindto be filled with
?and; fig. 43, the inclusionof two coresmadein onebox,with drop prints
commonto both; figs.44to 46,twomethodsof settingroundcoresdiagonally.
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CHAPTER

V

Moulding Sands
The vast majority of moulds is made in sand mixtures.

The methods

that lie outside of theseare of a specialcharacter,as chill casting,castingin
permanentmoulds, and die-casting,which, though of growing importance,

j

bear but a small proportion to the large volume of work made in sand. This

materialis of pre-eminentutility becauseit is easily rammedor moulded
into any outline, it is so highly refractory that it is not fused by the

temperatureof molten metal, it is adhesiveenough to retain the shapes
imparted to it, is porous enough to permit of the escapeof gasesgenerated

in the mould by the molten metal, and, being quarried in many districts,
its cost is low.
Sand is never

used in the crude

raw state in which

it arrives

from

the

quarries. It is wet, lumpy, non-homogeneous, and has to be subjected to
preliminary treatment in machines. And few sands are employed alone

I

without admixture, though someareused thus becauseof their self-venting
properties. The judicious mixing of sands to secure the best results for

if

different

classes of moulds is one of the tasks of the foreman, who has

j
i

generallyto work with thosekinds that areobtainedlocally.
Facings.-The essentialmixture is the facing sand. This is prepared

i
';

to line the mould for a thickness of 2 in. to 3 in. next the pattern. Elsewhere
the flask is occupied with the " black " or " floor " sand, which occupiesthe
foundry floor to a depth of about a couple of feet, and which consists of the

f
I

accumulations
of yearsfrom formermoulds. It haslost its originalproperties
by repeatedbakings,but when riddled and moistenedwith waterit is used
for box-filling, serving as a backing
to the facing sands. Broadly, these are
"
grouped as being " weak " or
strong ". The difference is that the first
contains a smaller proportion of heavy clayey material than the second,
also less coal dust. The function of the latter material is to prevent the
occurrence of " sand-burning ". While the infusible silica is the basis of

sands,a proportion of alumina is essentialto provide the bond of coherence.
Oxide of iron is also present, and both these substancesare fusible at pouring

temperatures. The coal dust lessensrisk of resulting rougheningof the
" skin " of the casting, by forming a film of one of the oxides of carbon
betweenthe sand and the casting, a result which is assistedby the plumbago

"

facingsdusted or brushed on the moulds. It follows that the larger the
proportion of clay presentin strong sands,the larger must be the quantity

]

of coaldust. The amountwill rangetrom oneof coalto sixor eightof sand
in the strong sandsto one in fifteen in the weakermixtures. Largemoulds
in which the metal remains hot for a long time require more coal dust than

|

smallmouldsthat cool quickly. The determinationof the strengthof a

-

desirable for different parts of the same mould.

.*
i*

4

mixture for a given mould is one of much importance. Different gradesare
Areas subject to great
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liquid pressure,
aslargecopesandthe bottomsof deepmoulds,
shouldbe
rammedwith strongermixturesthan the sides. But ventingmustbemore
thorough, or the castingwill be " scabbed".
Green,Dry, and CoreSands.-The feature which thesehavein common
is that they are consolidatedwith the rammerwhile in a moistenedcondition.

They are neverwet,but sufficientlydampedto retaina shapeimposed
when

squeezed
in thehand. Theretention
of theformproduced
duringramming
dependspartly on the coherence
of the sand,but largelyon the meansby

which it is sustainedin flasks,and on grids. Green sandscannotbe dried,
except slightly on the surface,without losing their coherence. Sand,to be
dried, must be of a strong clayeycharacter,and be mixed with horsemanure,
which, by its carbonizationduring drying, counteractsthe closetexture of
the mould, favouring venting. But the vent wire must be used freely too.
Coal dust is also used. Core sandis mixed with clay wash,peasemeal,or
beer grounds; and generally,dry sandmixtures are suitablefor cores.
Loam Mixtures.-These are made with strong sands, vented with horse
manure, with which generally a large proportion of old loam is mixed, the

whole being ground in a mill with water, and sweptthus while in a pasty,
plastic condition, to be dried subsequently. It is used in coarse and fine
grades, the first for embedding the bricks in, and for the rough coats, the
second, finely sieved, for the final coats.
Chemical and Mechanical Analysis.-During
recent years, attempts have

been made to grade moulding sands by chemical analysis,supplemented
with microscopicalexaminationof the grains. These are helpful when new
sands are concerned, but their value is discounted when, as is usually the

case, large proportions of old sandsare mixed with new. It is important
that the percentagesof silica and of alumina should be known, and alsothe

quantitiesof iron oxide,lirne, magnesia,
and alkalies,which tend to lower
the fusingpoint of a sand,andflux it. Silica,the refractoryelement,
must
be presentin morethan 80 per cent,aluminain from 7 to 10 per cent,the
proportionsvaryingfor weakandstrongmixtures. But it is heldthat the
texture of a sandwhen passedthrough sievesof different meshesis of more

importancewhen decidingits suitability for a certainclassof work than
chemicalanalysis,andthat mechanical
testingaffordsan approximate
index
of the cohesivecharacterof a sand. Weak sandshavefine grains,and least

alumina. The strongsandspossess
coarsegrains,and a largeproportion
of alumina. Castingswith smoothskinscan be obtainedwith the use of
coarselygrainedsands. Fine grainsare suitablefor dry mixtures,cores,
and loam,with a largeproportionof alumina.
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VI

Castingsmadein Metallic Moulds
Castings
made
in metallicmouldsareembraced
in threegroups:(a)chill
casting,
(6)die-casting,
(c)castingin permanent
moulds.Thesehavenothing
in commonbeyondthe fact that castiron formsthe wholeor a portionof
the moulds. The conditions which control the pouring of liquid metal into

mouldsof poroussandand thoseof iron aresodifferentthat the foundries
usingmetallicmouldsareentirelyseparated
from the sandfoundries.
Chill Casting.-The

fact is familiar that the effect of pouring liquid

metal in contact with a cold metallic surface is to harden-"chill"-the
portion that comes in immediate proximity with it. This is utilized in portions

Fig. 47.-Chill

Mould

for Trolley

Wheel

of numerouscastingsthat are subjectedto severewear,asthe treads of trolly
wheels of all kinds (figs. 47 and 48), in the rolls (fig. 49) for the iron and steel
works, for plough points, for mining stamps, stone breakers, balls and rollers
used in crushing and grinding mills, the bores of some wheel boxes, &c«

In all thesecasesthe mould is of a compositecharacter,being composedof
metal over the areasthat have to be chilled, and of sand elsewhere.

Compositionof the Metal to CM/.-The grey iron usedfor ordinary castings, in which the carbon is nearly all in the graphitic condition,will not chill
beyond a surfacehardnessof the thicknessof stout paper. This is of no
value for service. An averagethicknessis generallyrequired of from J in.
to J in., extendedin massivearticlesto i in. To producethis, it is necessary
to select a highly mottled iron, in other words, one in which a considerable
proportion of the carbon is in the combined condition, and the total carbon
Content high. And as silicon tends to throw out carbon in solution into the

graphitic state, the proportion of this elementmust be kept low. Sulphur

and phosphorusshouldbe higher than for grey iron castings,sincethey
intensifythe chilling effect. Manganese,
belowoneper cent,is beneficial.

140

FOUNDRY

WORK

It is desirable
to taketestbarswhenmakingmixturesfromnewbrandsof

pig or selectedscrap. Thoroughmeltingis essential,and morecokewill
haveto be usedthan for the morefluid grey irons. The precautions
to be
observedin venting,gating,andpouringfor sandmouldsarerequiredhere.
TheDesignof Mouldsto Chill.-Only that portionof the mouldwhich
corresponds
with the areato be chilled is of castiron, the remainderbeing

Fig.48.-ChiUMouldfor Roller

Fig.49.-Chill Mouldfor Roll

rammedin greenor in dry sand. Success
mainlydepends
on themassof

metal in the chill. It mustbe large,in orderto enableit to carryoff the
heatfrom thecastingpoured,with sufficientrapidityto producethenecessary

depthof chill. If thisaction
weredelayed
toolong,whatwouldhappen
is,

that thecementitewouldhavetime to breakup into iron andgraphite,thus:

Fe8C= 3Fe+ C. Cementite
or iron carbide,
Fe3C,
is unstable
when
cooled
slowly.Thewallsof a chilltherefore
rangefrom4 in. to 8 in.in
thickness,
depending
on its diameter.Theriskattendant
onthickwallsis
thatof fracture,sincetheinnerzones,expanding
most,aretiedbytheouter.
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and so tend to burst them. The precaution, therefore, is often taken of
bonding chills with a wrought-iron ring, shrunk on.
Shrinkages.-When a chill mould is poured, two shrinkages occur, that
of the casting inwards, and that of the mould in the contrary direction, so
that a space is quickly left between the two of |- in. or more. Attempts have
been made to control and minimize this result, but the practice of dead-

melting the metal is usually adopted,that is, allowing it to cool slightly
before pouring.
which

is in

Metal thus treated will lie better to the chill than that

ebullition.

An effectof the large amountof shrinkagethat is consequenton chilling
is that the portion cast in sand is weakened if not suitably proportioned. A
wheel rim having light arms must almost certainly snap in cooling. Hence
these are either made with massive arms, curved lengthwise, or the centres
are solid, having a " dished " or corrugated section. Chills do not have a
very long life. Though they may not fracture, the surfaces against which
the metal makes contact become roughened by the formation of minute
cracks, the result of repeated expansions and shrinkages. The metal too
deteriorates, approaching the condition of " burnt iron ". A new chill
must be cast, and finished by boring. Plumbago is used for facing at the
time of casting.
Die-casting.-This
is a development, less than a dozen years old, of

the linotype castings. Originatingwith the white metal alloys,thosehaving
a basis of lead, tin, or zinc, it now includes those with an aluminium base,
and efforts are being made to deal with those of copper. The phenomenal
demand for, and the immense supply of these castings is in responseto the
call for those smaller mechanisms of universal use. These include typewriters, telephones, gas meters, electrical instruments, speedometers,as well
as parts of engineers' mechanisms, lubricators, oil cups, bushes, small gear
wheels, &c.

Die-castings are made in metal moulds of steel, the liquid alloy being
subject to a pressure of 100 Ib. per square inch or more, which is maintained
until it has set. The result is that the castings do not require machining,

beingcorrectto sizewithin a thousandthof an inch, so that they will fit other
parts tightly or with sliding allowancesand external and internal screw
threadswill match perfectly. The teeth of gearwheelswill mesh. Letters
and figures will come out sharply as though engraved. If finely threaded
screws or hard contact pieces are required, these can be cast accurately into
the softer alloys. Die-casting in steel moulds is used for-many small intricate

castingswhich can neither be made economicallyin sand,nor drop-forged,
and many for which the cost of machiningwould be prohibitive. Though
these dies are always expensive, their cost increasing with complexity and
the limits of accuracy insisted on, the outlay is relative. A rather com-

plicated die may cost from £50 upwards, but it will endure 50,000castsof
a white-metal alloy, and a slightly smaller number for an aluminium-base
alloy. And the advantagesand economiesjust statedaresecuredby its use,
at the cost of a fraction of a penny per casting.
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The Die Moulds.-Theseare madein mild steel for the white metal

mixtures,but in oneof thealloysteelsfor thosehavinganaluminium
base.
No portionof themouldis madein sand. Coresareof steel,andtheyhave
to be drawnendwise
with a leverfromthecasting.Slidingundercut
parts
are similarly treated. Jointingis donewhennecessary
for the removalof

the castings.Ventchannels
arecut. Ingatesaresevered
whilethe casting
is in the mould. Meansare providedfor the mechanical
ejectmentof the
castings. In the more complicated
moulds,whereseveraloperatinglevers
are involved, fool-proof methods are included to prevent cores and other

sliding piecesfrom beingmovedout of their propersequence.Dies are
cleanedaftercastingwith compressed
air directedthrougha hose.
Furnaces.-These
are essentially
troughsof castiron in which the alloy
is kept molten with a gasflame. The mould is usually carried abovethe

furnace,oftenon a tilting table. The pressureis put on with a pistonin
a cylinder immersedin the metal. But many patentshave been taken for
other methods,with the objectof avoidingthe blow-holeswhich are a frequent
causeof wasters. Someemploy air pressure,others, centrifugal force, with
a vacuum, the ideabeing that blow-holesare due to the entanglementof air,
which is doubtful. The caseis not analogousto that of green-sandmoulding.
The causewould appearto be the chilling of the metal againstthe walls of
the mould, forming an unyielding shell before the interior has solidified.
The remedy is, to havean ingate large enoughto fill the mould rapidly, to
bring the metalin wherethe sectionsareheaviest,andto inject under adequate
pressure.

The Castingsand their Alloys.-In the selectionof metals to form alloys
for die-casting,shrinkageis the predominantfactor. For, although casting
is done under pressurewhich is not releaseduntil solidification has set in,
some shrinkagemust occur. Allowance must be made for this in making
the dies, or meansprovided to counteractit. Further, the strength of an
alloy to resist elongationby reasonof the shrinkagestressesset up during
cooling has to be known with some approximationto correctness,because
otherwise, by using an unsuitable alloy, fracture may occur in the mould.
The case is different from that of ordinary moulds.

The cores, being of

steel instead of sand, will not yield, sc the metal must have strength to

elongate,or it will rupture. And this varieswith the1proportionsof the

elements, and with the temperature. This therefore is a matter for experiment. Antimony is used to lessenthe amount of shrinkageof alloys.
Only a small quantity, from i per cent to z per cent,is required in the zincbase alloys, but in the lead-basegroup it may be alloyedup to 25 per cent.

Classification
of Alloys.--Die-casting
alloysare groupedasthosehaving
low melting-points,below about 800°F., and thosethat fuse abovethat
temperature. The first are by far the most extensivelyused,comprising
the numerouswhite metals; the secondarethe aluminium and copper alloys.

Alloys are classifiedaccordingto their bases,signifyingby this the metal
which occursin thelargestproportion,andsodetermines
the leadingcharacteristicsof the alloy. Thesearezinc,tin, lead,andaluminium. A verylarge
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selection of alloys is essential because of the multifarious uses to which the

castingsare applied. In somecasesthe expansionof an alloy under high
temperatureswould preclude its use. In many casessteam, oil, alkaline
liquids, seawater, and corrosivefluids would disintegratesomealloys,while
having no effect on others. Somealloys are too brittle for certain services,
others are too soft, while in some, an element will sweat out from the mass.

These factsindicatethe difficultieswhich haveto be surmountedby the diecaster.

In the zinc-basealloys this metal may be used in a rangeof from 50 per
cent to 80 per cent, tin from 5 per cent to 30 per cent, and copper and aluminium from a mere trace to about 5 per cent. Antimony may be present

from i per cent to 5 per cent, its function being to reduce shrinkageand
impart hardness. Only a small quantity is necessary, since zinc is hard,

and doesnot shrink so much as tin or lead. Thesealloys melt at from 800°
to 850° F. They are affectedby alkaline and salt waters. They are the
easiestto cast, and the strongestcastingsare obtained by keepingthe tin
and copper at, say, from 2 per cent to 5 per cent.
out below the temperature of fusion.

Tin is liable to sweat

The tin-base alloyscontain from 60 per cent to 90 per cent of the metal
with from 3 per cent to 7 per centcopper,and about the sameproportion of
antimony. These alloys are excellent. They are softer than those with
a zinc base,and producecastingsof good finish, but the price of tin makes
them expensive. Babbitt is composed of tin 89 per cent, copper 3-7 per cent,

antimony 7-3 per cent with a trace of bismuth. These alloysmelt at from
200° to 300° F. lower than those having a zinc base.

In the lead-basealloys the proportionsof that metal are high, but their
uses are almost confined to the bearing metals. Lead may range from 60

I

percentto 90 percent,tin from2 percentto 20 percent,antimony
from

I

4 per cent to 25 per cent. The alloys lack strength, and are heavy. The
tin increasesthe tenacity and toughness of the lead, while the latter renders

the tin more malleableand ductile. The higher the percentageof tin, the
better is the surfaceof the castings,being smootherand brighter. Shrinkage
is reduced.

Antimony

increases fluidity

and imparts hardness.

The

maximum hardnessis imparted with 17 per cent of antimony. Up to 13
per centit expandsthe lead. Lead will not alloy with zinc, becausesegregation occurs during cooling.
When aluminium-base alloys were required for some parts of machine-

guns,pistols,grenades,binoculars,&c., difficultieswere encounteredbecause
of the higher melting-point. The temperature of any alloy must not be
higher than would prevent it being melted in an iron pot. Aluminium exerts

a solventeffecton iron, and a small percentageis found in the castings. An
excessover 3 per cent renders the aluminium alloy useless,causing it to
become viscous by the raising of the melting-point.

A standard mixture is,

aluminium 92 per cent, copper 8 per cent. Small quantities of zinc, nickel,
and manganesemay be included.

Attempts to die-cast brass and bronze have not been crowned with
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commercial success. Both the temperature of pouring and the coefficient
of expansion are high. With the increased shrinkage the dies are strained
badly, and castings crack. The cost in any caseis prohibitive. To produce
at a profit, the life of a die should be equal to that of 10,000 casts. It has
not been found possible to exceed 1000 in the brasses. To pour iron would
also destroy these moulds. Yet under different conditions this is done, as
described

in the next section.

Permanent Moulds.-These
are made of cast iron, and iron castings
are produced in them. The advantagesgained are: (a) the saving of time
otherwise spent in making a sand mould for every cast; (b) the more rapid
removal of the castings from the moulds when set. The development,
almost wholly confined at present to the United States,is a remarkable one.

Its applicationsare chiefly to pipes required in large numbers,the cores
for which are alsomadein iron. The samegradesof iron maybe usedfor
castingsmade in permanent moulds as for those in sand, but iron that would
not give satisfactory results in the latter will do so in the first named. Also,
harder or softer castings can be obtained from the same metal, depending

on the time during which they are permittedto remain in the moulds. A
surface chill can be imparted, or the casting may be soft throughout. In
any case,cored castings must be removed before they shrink tightly on their
cores, otherwise they must be broken up.

The massof metalin a permanentmouldmust be large,becausea thinwalled mould would becomeheatedso quickly that a rapid successionof
castingscould not be produced. For castingsof 15 Ib. weightand upwards,
the mould should be of about seventy times the weight of the casting.

Castingsareremovedsoonafter the outsidehasset. This will usuallyoccur
in from six to ten seconds, but the time will depend a great deal on the

weight, the degreeof hardness,&c., required. That this can be varied,
thoughusing metal of the samechemicalcomposition,is oneof the valuable
features of these moulds. If a casting is allowed to remain long in contact

with its mould, it becomeschilled, a largeproportionof the carbonremaining in solution,in the combinedform; but if the castingis removedat a
bright yellow colour while the interior is still viscous,the exterior will
becomeannealed,and the castingwill be soft, the carbonpassingmostly
into the graphitic state.

It hasbeenprovedthat iron whichis unsuitablefor sandcastingis excellent
for permanentmould work. An iron with a percentageof phosphorusas
high as 1*5per cent,and of sulphur o-i per cent,and silicon 2-5 per cent, is
as strong as one with smaller proportions. The explanation is, that these

remainin normal solution,not havingtime to separateout.
Permanentmould work has its limitations, due to the fact that iron cores,

which must be drawn out endwise,areused. This limits the forms of pipes
to those with straight or regularly curved cores. The same hindrance

occursin die-casting. As the castingshaveto be removedquickly and the
mouldsaremassive,a gooddealof mechanismis necessary
for rapid and easy
handling. In general,from one to two castingsare poured and removed
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per minute. Chilled car wheels,gearwheels,projectiles,and pipes are the
principal articlesmadein thesemoulds.

CHAPTER

VII

Casting the Metals and Alloys
Although the principles and the general methods of making all sand
moulds are similar, yet some details have to be varied with the character of
the metal or alloy used. These are so important that the work of the different
foundries is carried out by different sets of men who have become specialists.

Eachof thesedepartmentswould admit of extendedtreatment,but theleading
facts only can be stated here.
The Iron Foundry.-This,
which embraces the largest proportion of
cast work, is in a sensethe standard to which the practice of the other departments is referred, and with which they are contrasted. The shrinkage of
iron is moderate, averaging -J in. in 15 in. The metal is poured mostly into
moulds made of green sand, the ingates and runners of which need not be

very large, sincethe metal flows freely, appearingwhen thoroughlymelted
nearly as liquid as water. The thinnest pipes and plates can be poured,
no trouble arises from the segregation of the elements, and, generally, the
conditions under which the work of the iron foundry is performed are
satisfactory. The pouring of moulds has to be modified with the grade of
iron used. The grey irons, with say 3 per cent of graphitic carbon, remain

fluid longer than the mottled gradeswith about half the carbonin the combined state, and therefore the runners

to fill the mould more rapidly.

for these have to be dimensioned

Another fact is, that the effects of shrink-

ageare more severe,with liabilities to fracture if shrinkageis hindered.
The

Steel

Foundry.-The

difficulties

of the steel founder are those

consequenton the high temperature of casting, and the large amountof
shrinkage. While the temperatureof molten grey iron is about 2250°F.,
that of steel is about 2800° F.

As the melting-point of silica sand is in the

neighbourhoodof 3200° F., partial fusion of the mould is liable to occur.
This is the reason of the rough skin seen on so many steel castings. Hence
these are seldom made in green sand, but in dried moulds with a sand mixture

high in silica. Only new sandwhich hasnot been damagedby heat is used
for facings. The chief trouble has alwaysbeen the shrinkage. This, which
amountsto aboutf\ in. per foot, coupledwith the high temperatureof pouring,
inevitably producescracks,warps, hollow places,and fracturesin castings
that are badly proportioned. Patterns designed for the iron founder cannot,
as a rule, be used for steel. Runners have to be much larger, feeding heads

and risers are necessary,large fillets are inserted to strengthenadjacent
parts, and thin sections must not be tied. In some casesthese precautionary
provisions will add from 50 per cent to 100 per cent to the weight of the
VOL. I.
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casting required. And even then the conditionsof internal strain are so
severethat prolonged annealingof the castingsis necessaryfor the sole
purposeof relievingthesestrains,and lesseningthe hardnessof the metal.
Malleable Cast Iron.-This
is a white iron, having the whole of its
carbon in the combined state. It is poured into sand moulds, and annealed

subsequentlyin ovens for about sixty hours. This changesthe carbon
into the graphitic state, rendering the castingssoft and extremelyductile.
White iron is necessary,
becausea grey iron wouldproducespongycastings
after annealing. The amount of combined carbon must never be lower
than 2-75 per cent. As the white irons, which are viscous when poured,
are used, the runners have to be large. The shrinkage allowance is also
greater than that for grey iron, and generally precautions similar to those
when making steel castings have to be taken, in the form of large shrinkage
heads, and the provision of fillets.
The Brasses and Bronzes.-In
all these alloys the shrinkage is
large, being about J in. in 10 in. The metal is not so fluid as grey cast iron,
and it sets very quickly. Large runners and large shrinkage heads are therefore necessary,not writh a view to prevent fracture, which rarely occurs, but
to avoid " draws " and hollow placesin the more massive sections. Feeding
is necessary in almost all moulds, even more so than in iron, becausethe
shrinkage is greater. The metal in the pouring cup chills quickly, so that
fresh metal must be supplied if the mass of the casting is large. Special
care must be taken in making the dispositions of the runners. These must
be brought into the heavier sections. It is well in deep castings to pour
from the bottom. A very large volume of brass work is made with odd
sides, or is alternatively plated. In each case numerous small patterns,
which may be like or dissimilar, numbering, say, from half a dozen to twenty,
are moulded in one flask, and poured from a common ingate. In these
cases the runners

must be of sufficient

area to fill

the moulds

farthest

from

the ingate before the metal has had time to congeal,and little or no feeding can be done. Both green and dry sands are used for moulds, the
first, as with iron castings, predominating. Generally, the moulds should be
rammed harder than those for iron, and well vented.

Aluminium and its alloys are usually poured into moulds of green sand.

The shrinkageof the metal is about doublethat of brass,and largerunners
are required. The melting-point is rather low, being about 1160° F. The
metal must be poured quickly, as it sets rapidly. The pouring basins are
large, to act as head metal. Metal rods are frequently inserted in moulds to
hasten the cooling of the thicker parts of castings. The alloys of aluminium

are numerous. The chief elementsemployedare copper,zinc, manganese
and magnesium. Moulds of green sand are used, rammed more loosely
than thosefor iron or brass,to prevent shrinkagecracks. The sandmay
be finer than that for brass, as relatively little gasis given off, and it need not
be very refractory. The moulds can be dusted with black lead or French

chalk. Green sandcoresare desirable,but if dried, they must not be too
hard, or they will checkshrinkage.
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VIII

The Effects of Shrinkagein Castings
All the metals and alloys in commonuse shrink in cooling from the
molten state. Although the amountper foot of lengthmaynot appearlarge,
the fact is responsiblefor the deformation,the lack of homogeneity,the
weaknessand the fracture of a very large proportion of the " wasters " made.
The evils arise from the different rates of cooling in large and light adjacent
masses,the very small capacity of cast metal for elongation, and the method

of its crystallization. The weaknessof cast metals in tension, and their
very small percentageof elongationbefore fracture, when comparedwith
the similar physicalpropertiesof forgedand rolled materials,arethe causes
of these results.

The Caseof UnequalAdjacentMasses.-Manydesignsthat emanatefrom
the drawing office have to be modified to suit the foundryman'spoint of

. - Illustrates

the Camber of Castings produced by unequal Shrinkage

view. Regardedfrom his aspect,the idealcastingis onein whichthicknessesare approximately
equal,with the resultthat all portionscooland
shrinksimultaneously.Themoreintricatethe castingand the larger the
amountof coringdone,the greateris the needfor preserving
uniformity
of sections. Familiarexamplesare thoseof steamand motorcylinders,

in whichthe percentage
of wasters
is oftenratherlarge. In theseand
othercastings
coresarefrequently
inserted,
or prolonged
solelyto avoid
the occurrenceof massesof metalin cornersand angles.

Butin manydesigns
of machine
andstructural
partsit is notpracticable
to avoidgreatdisparities
in themasses
ofmetalin partsthatarecontiguous.
The moulderthen minimizesthe evil results,first by "feeding" fresh,

hot metalintoheavymasses,
to prevent
theformation
of " draws
"-hollow

places
- dueto internalshrinkage,
andsecond,
byuncovering
themassive
section,
exposing
it to theair,in orderto cause
it tocoolwithinabout
the
same
periodasthethinnerportions
adjacent.
A greatdealofthisis done
in the caseof centralbosses
for bedplates
andheavypulleys.

Curving,
Camber.Distortion
withoutweakening
or fracture
is acommon

resultof unequal
shrinkage.
It is particularly
troublesome
in longand

flimsycastings,
asbedplates,
gutterings,
andsimilar
objects
in which
there
is anexcess
of metal,notnecessarily
large,ononeside. Thecasting
in cool-

ingbecomes
permanently
concave
onthatside.In thegroup
of figures,
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fig. 50, the section at A being symmetrical will be straight when cold.
B, c, and D will become concave along the wider flanges, but in different

degrees,c lessthan B and D, becauseits top flangeis wider. E, wherethe
flange is very wide, will not curve. A wide web resiststhe effect of flange
shrinkage becauseit is rigid, and it acts as a carrier of heat to the
shrinking smaller flange,delaying its setting. The gutter sections in the
next group, fig. 51, will all becomeconcaveon the solid sides. While
A and B will
have a
curve
in one direc-

tion, c will be curved
A

B

C

both

on

the

bottom

Fig.51.- Illustrates
theCamber
of Castings
produced
byunequal
Shrinkageand the Vertical Side.

The difficulty which
confronts moulder and pattern-maker is how to counteractthe effects of
shrinkage in unequal sections. No possiblerule can be stated, and experience of similar classesof work is the only guide. The greater the
disproportion, the more flimsy the casting; and the greater its length, the
larger will be the departurefrom lineal accuracy. A moulderwill sometimes
uncover a castingor a portion of the samewhile at a red heat,to hastenthe
cooling, and so prevent curving. But that is not alwayspracticable,nor
is it a sure method. Generally, the pattern-makerimparts camber to the

Ill

Fig. 52.-Crystallization

in Cooling

pattern in theoppositedirectionfrom thatwhichthe castingwouldassume.
Uncertainty, when work is repetitive, is avoidedby making one trial cast-

ing, noting its amountof camber,andalteringthepatternaccordingly.
Crystallization.-Theneedle-likecrystalsof castmetalsarrangethemselves normally in relation to the surfacesof the mould. In fig. 52 the

strongestform is shownat A, and the weakestat B. The cylinder at c,
terminated with a semi-sphere,is much strongerthan one terminated with
a flat end. These are commonplaceaxioms,but they haveinfinite applica-
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tions in all castings made. If the pattern-maker does not put a radius, the
" hollow " or " fillet" in a keen angle, the moulder rubs one, as at D, thus
altering the weak crystallization of B to that shown. Additional strength is
afforded by the bracket at D, common in flanged structures, and which steel
makers often insert when not done in the pattern, to prevent cracking of the
casting. It is betrer to fit a bracket as shown at intervals, than to make the
fillet very large, becausethe result might be a " draw " (a cavity in the casting)
due to internal shrinkage, such as is seen at E, where three ribs meet with
large fillets. This would be prevented, and the casting be stronger if the
radii vvere smaller, which, while favouring suitable crystallization, would
reduce

the

mass

of metal

in

the

corner.

SomeCommonPrecautions.-Castings,apparentlysound,not infrequently
fracture during machining or subsequently.
condition

of

internal

This is because they are in a

tensile

stress, dangerously equal to
that of the ultimate strength
of the metal. Inspectors test
roughly for this condition with
hammer

blows.

Hard

sand

cores and portions of dried
moulds

interfere

with

shrinkFig. S3--Illustrates

Shrinkage of Flanges

age, and a careful moulder will
Right hand, Flange and weak.
Left hand, Flange reinforced
break these up as soon as the
withbrackets.
metal has congealed. At the
best the shrinkage is only lessened, but this in large castings may be
sufficient to counteract the allowance for tooling. Bars in flasks adjacent
to flanges (fig. 53) will check shrinkage, requiring the breaking away of the
intervening sand. Pulley arms are commonly curved, because they will
accommodatethemselves to the pull of a shrinking boss instead of fractur-

ing. Pulleyswith wrought-iron armsmust havethe bosscast after the rim
has becomenearly cold. Large runners and risers will interfere with shrinkage, and the moulder often knocks these off so soon as the mould is full.

CHAPTER

The

IX

Furnaces

The furnaces include several types with many variations: for melting
iron, steel, the brassesand bronzes, and malleable cast iron. A large amount

of plant and machineryis associatedwith the operationof each,on which
greatly dependnot only the economiesof working, but the soundnessand
strengthof the castingsproduced.
The Cupolas.-With

many differences in details, the essentials of a
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cupola furnacefor melting iron are these
(figs. 54 to 57). A tall cylindrical shell,
built of wrought-iron or steel plates,
lined with fire-brick,

daubed with fire-

clay for eachcast; a chargingdoor near
the top; an air-belt encirclingthe shell
at a height of a few feet from the bottom,
whence blast under pressure is directed
through tuyere openings to iron and

cokesupportedon a deepbed chargeof
coke.

The furnace stands on columns,

and has a hinged bottom to permit of
the dropping out of the residuary coke,
metal, and slag at the termination of the
day's cast. Peep holes with mica win-

dows arefitted oppositethe tuyere holes
through which the furnacemen observe
the progress of the melting, and openings are furnished for the removal of
the slag, and the tapping of the metal.
Many cupolas include a receiver, a circular vessel into which the iron, passing

down through the bed charge of coke,
trickles and collects,remainingperfectly
liquid until it has to be tapped out for
pouring. The internal diameters of
cupolas range from about 18 in. to 6 ft.;
the first will melt about f ton per hour,
the last, about 12 tons.

These are ex-

tremes, the first being of value chiefly
for occasional light casts, and for making tests of metal, the last being too
large for general service, for which
internal diameters of from 3 ft. to 4 ft.
are preferable.
A cupola is worked as follows: after
re-lining the interior with fire-clay each

morning,the bed chargeof cokeis laid

Fig.54.-The" Thwaites
" Cupola

in, extending to from 18 in. to 20 in.
above the tuyeres. Over this successive layers of pig or scrap, lime-stone,
and coke are placed, there being three
or four repetitions in this order until
the charging door is reached. The

A, Shaft. B, Brick-lined charging door,
c, Airbelt.
D.Tuyeres.
E,Receiver.
F,Slag
hole.fire is lit, and the interior warmed

G, Tapping spout. H, Hot-air pipe to receiver.
j, Fettling hole. K, Drop bottom. L, Blast pipes.

before the blast is put on.

In about
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fifteenminutesthe metalbeginsto run down. As the charges
sink,successive
additionsare madein the ordernamed. Meltingis facilitatedby
breakingthe pig and scrapinto small pieces. As fusion is confinedto the

areaimmediatelyabovethe tuyeres,extendingtherefromto a heightof
about30 in., metalof differentgrades,
harderandsofter,canbe charged
in
thesamecupolaat the sametime if separated
with charges
of coke. The
,, N.a
x

metal accumulates in the
bed charge, and must be
tapped before it rises to
the tuyere holes.
The Melting Ratio.Most of the modifications
that have been made in

cupola design have for
their object an increased

melting ratio, which is

55--Cupola,

with Air-belt A and three rows of Tuyeres B arranged spirally.
D, Slag holes. E, Tapping hole. F, Drop bottom.

C, Receiver.

accomplished by supplying enough oxygen in the right place to secure the
nearest approximation possible to complete combustion. If a ton of iron
is melted with from 2 to 3 cwt. of coke,that representsgood averagepractice.
To use less than 2 cwt. of coke is exceptional. This is only possible in

lengthy fusions, using: (i) clean iron that throws out little slag; (2) good
furnace coke; (3) a deep bed charge; (4) suitable proportioning of fuel and

iron; (5) an adequatesupplyof blast at proper pressureand volume,with
variations made when necessaryas the melting proceeds.

Since the supply of oxygen in the right locality is the masterkey to
economicalmelting, this explainsthe very numerousvariationsthat have
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been made in the arrangementsof tuyeres. Briefly, theseusually consist
of upper and lower rows, receivingthe air from the belt, and dischargingit
through openings equally spaced round the circle. This dispositionhas
taken the placeof the older method of bringing in blast through pipesinto
two openingson oppositesides,which, with the low cupolasthen common,
permitted a large proportion of the gasesgeneratedfrom the fuel to pass

B

n

Fig. 56.-The " Colliau" Cupola

Fig. 57.-" Newten" Cupola

A, Air-belt. B, Flaring tuyeres, c, Non-conducting

A, Air-belt. B, Differentialtuyeres. C,Drop

space filled with sand.

bottom

awayout at thechargingdoorandat thetop,unconsumed
withinthefurnace

When carbon is burned, 14,647B.Th.U. aregiven out per pound,the carbon

uniting with the oxygento form carbondioxide,C02. Thisis calledcomplete combustion. If, however,the combustionis incomplete,
due to an
insufficientsupplyof oxygen,carbonicoxide,CO,is formed,andif this is
allowedto escape,
abouttwo-thirdsof the heatis wasted,sincetheburning

of carbon to CO evolvesonly 4415 B.Th.U. The object of the upper row,

or rows,of tuyereswhichhaveassumed
bizarreformsin somedesigns
is to
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supply the additional oxygen to the CO formed lower down by the com-

bustionof the coke. The sameresultis accomplished
by additionalheight,
sincea more prolongedcontact of the carbonic oxide with the heatedblast
is assured.

For it must be remembered that the blast is cold when it enters

the furnace,and its oxygenmust be highly heated beforeit will enter into
combination. Much heat is wastedin warming the upper charges,and the
largeproportion of inert nitrogen in the blast.
Blowersand Fans.-The first named (fig. 58) are usednow more often
than the second,becausethe action is positive,the air beingdriven out under
definite pressure. Good results are alsd obtained from fans if they are
selectedand usedwith judgment, but generally they are more suitable for
the lower pressures,say not exceeding8 oz. per squareinch. The fan has
to revolve at a very high rate of
speed; that of the blower is
moderate, and the pressure and
volume

are

under

better

control.

The speed of a fan cannot be increased beyond that for which it

is rated without absorbing power
that
increases
with
the
the number of revolutions.

cube of
Hence

one of large diameter should be
selectedto allow for contingencies.
In either case the supply pipes

must be large, free from quick
bends, and of minimum length
possible from the machine to the
cupola. A blast gauge is necessary

as a check upon the working. It

Fig.58.--'Section
across
Pressure
Blower

reads to z Ib. pressure, and is sub-

divided into ounces. It is necessaryto regulatethe blast at different stages
of melting. This is done by varying the amount of openingof the blast
gate. At the normal pressureof from f Ib. to i Ib. per square inch, the
blast must supply from 30,000to 40,000 cu. ft. per ton of iron melted per
hour.

The makers of blowers and fans give the capacities for different

sizes. From 3! to 4 b.h.p. per ton melted per hour are required.
Ladles.-These, up to about 3 cwt. capacity,are carriedby hand, by one,
two, or three men> hence termed "hand shank ladles".

Larger sizes are

slungin the cranes,or run on carriages
on rail tracks. All aretippedwhen
pouring. Fig. 59 showsa commonform,wherethetippingis donethrough
bevel and worm gears. It is effectedsimilarly in fig. 60. This type can be
run on tracks, or lifted in a crane. Both havetwo pouringlips, to be tipped
to either side. The bodies of ladles are formed of pressedsteel plates,
stiffenedwith belts. Capacitiesare reckonedinside the fire-clay lining with

whichtheyare daubedeachmorning. A cubicfoot of ladlecapacityis the
equivalentof 3 cwt. of iron.
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Pig Breakers.-A great deal of pig is still broken up with the sledge.
Fig. 61 showsa machineusedfor the purpose. The pressureis not direct,
but operatesthrough a lever arm that is pushedup by a hydraulic ram,

- 59--Crane

Ladle, double geared

forcing the shortarmdownon the pig. Its valveis actuated
by thetreadle
seen at one side, and counter-weighted.The pig is broken at the end that

overhangs,but somemachinesfractureit centrally. Somemachinesare

Fig. 60.-Carriage Ladle, double geared

drivenbybelt,others
areelectrically
driven.Scrap
isbroken
withthesledge
if light,andbythedropping
ofaballfromacrane
if heavy.Labour
maybe
saved
byusinga liftingmagnet
slungin a crane.Thisis lowered
onthe
ball,thecurrentturnedon,theball lifted,thecurrentswitched
off,andthe

"T
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ball drops. Ballsareusuallyof half a ton weight. Heavyscrapis alsocut
up with the oxy-acetylene flame.

Steel-melting Furnaces.-These are only used to a very moderate
extent outside the great steel works. Some of the larger iron foundries
makewhat steelcastingstheyrequirein preferenceto sendingawayfor them.
Special designsof furnacesare provided for such cases. Instead of the
greatopen-hearthfurnaceswhichwill melt 50 tons, or the immenseBessemer
converters, small " Baby "
venors

con-

are used, the Robert,

one of the earliest, and the
Tropenas being most common.
The small furnace
for casts as low

can be used
as 10 cwt.

The melting is so rapid that
two

successive

poured into
single cast.
be added in
duce just the
burization

melts

can

be

the ladle for a
Ferro-alloys can
the ladle to proamount of recar-

desired.

The

waste

of metal is rather large, and
the upkeep costly.
These

converters

are made

in capacities of from J ton to
2 tons, and they are made to
tilt for pouring the charge.
The blast is brought in at one

side only through tuyeres,and
is directed through the metal,
or over its surface. A pressure
of from 3 to 4 Ib. per square
inch is necessary. This is

supplied from a blower. A
cupola supplies the molten

Fig.61.-Pig
IronBreaker

metal, which must be melted much hotter than that for the iron foundry,

besideswhich more heat is required to melt the scrap steel included.
The latter may amount to from 25 to 50 per cent of the charge.
Brass-melting Furnaces.-While few iron foundries possessa steel

plant, there arenot manyof fair dimensions
destituteof a department
for
the meltingof thebrasses
andbronzes.Castingsin thesealloysenterinto
nearlyall constructions,
and the delaysand risks attendantupongetting
castingsfrom distantfirmsrenderthe brassfoundrya mostvaluableannexe
to that of iron. A few yearsagotherewas little choicein the matterof
furnaces,
nowtheyrival the cupolas,
both in varietyandincreased
efficiency.
Natural draughtwith cokefuel, blast,oil fuel, and electricity,eachwith
manyvariations,arenow employed
regularly.
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Furnacesfed with the naturaldraughtof a chimney,andburningcoke,
the earlier and most commondesign,are not economical,but for small casts

they are not to be despised.The bestin this designare Carr's(fig. 62),
where the fire bars are placed below the bottom, leaving a spaceabove,
through which mostof the air passes. The melting is rapid, and the crucible
does not sink. The brick lining is carried on' a flange within the furnace
abovethe air-space,and a non-conductingbackingof broken bricks fills the.
spacebetween the lining and the outer casingof iron. Furnacesare built
to take one or more crucibles.

Several furnaces can communicate

with

flues leading to a commonchimney,as in the ordinarybrick furnaces.
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Fig. 62.-The
A, Solid lined furnace.

" Carr " Brass-melting

Furnace

B, Non-conducting
space filled with broken brick.
D, Ash-pit.
E, Pit for taking out ashes.

C, Chimney 30 to 35 ft. high.

Improved designsof coke-fired furnacesin extensiveuse include preheating of the metal,tilting of the crucible while in the furnacefor pouring,
and the employmentof artificial blast. In the first, the metal is placedin
a crucible or other annular vessel,abovethe melting crucible, whereit is
warmed by the heat escapingfrom the fuel below, before it drops into the
lower crucible.

The latter is not removed from the furnace, but both are

tilted for pouring. The preheatercan be swung to one side when fresh
coke has to be charged. This designpermits of the employmentof larger
crucibles, and the attendant suffers less discomfort than when the crucible

with its chargehasto be lifted out with tongsfrom above. The employment
of blast results in a great savingof coke,when, as is sometimesdone,the
blast is warmed during its passageby the wasteheat from the furnace. It

is possiblein someof thesedesignsto melt 1000Ib. of brassin onecharge.
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For large installations,
the preference
shouldbe givento furnaces
that

arefiredwith oil or gas,or with a mixtureof each.Thereis no largecon-

sumptionof fuel in thepreliminaryheatingup,andnowasteof fuelunburnt,
at the end of the melt, asthereis with coke. The temperature
is under
preciseregulation,andasheshavenot to be removed.On theotherhand,
oil storagereservoirsand supplytankshaveto be installed,with pipes,
cocks,gaugeglasses,
and,if the oil is sprayed
underhighpressure,
a supply
of compressedair is necessary.If usedwith a low pressure,a fan or a blower

is employed. A low-pressure
burnerworkswith air at about12 oz. per
squareinch, a high-pressure
oneat from 20 to 25 Ib. per squareinch. In
theAmerican" Rockwell" furnaces
the pressure
for theoil is 5 Ib. or more,
and that for the air is 2 Ib. per squareinch. Gasmay be usedinsteadof
oil, with burners and pipe connections modified.

100 Ib. cf brass can be

melted with from 2 to 3 gall, of oil, and after a furnacehas been heated
with a first charge,400Ib. of metalcanbe meltedin about45 minutes,
Electric furnaces are being used in increasingnumberswhen large
quantities of brass are being melted, but chiefly in the United States.
Whether they are moreeconomicalthan the oil-fired designsdependsmainly
on the relative costsof power, attendance,and upkeep. But there is one
important fact in favour of the electricaldesigns,that the metalis meltedin
a closedvessel,in a non-oxidizingatmosphere,
and that thereis then hardly
any loss due to the volatilization of zinc, of dirty borings, and of fine scrap.
This loss often amounts to 5 or 6 per cent in the fuel furnaces. As a result,

alloys can be graded and duplicatedwith such precisionthat the average
deviation is only about 0-25 per cent. Electric furnaces will not deal economically with small charges,since,with their necessaryequipment, they are

costlyto install, so that, like the oil-fired designs,they are only suitablefor
the large foundries.

Electrical energyis appliedto thfemelting of brassby two methods:by
means of the electric arc drawn between electrodes, or by the resistance
offered to a current by its passagethrough liquid metal, on the sameprinciple

asthat of the heatingof anincandescent
lamp. Eachdesignhasits advocates,
andeachhasits applicationin severalfurnacesthat arein successful
operation,
melting quantities that may rangefrom 200 to 2000 Ib. weight. Someof
the furnaces arestationary,sometilt for pouring. A few arerockedthrough
an arc to maintain a uniform temperature,and preventsurfacesuperheating,
while a perfect mixture of the metals that form the alloy is produced.

Generally,the mixtureis contained
in a bathin the bottomof thefurnace.
This method is better for heavycharges,but for moderatecastsa crucible

designof furnaceis made,in whichthe metalis meltedby thepassage
of
electric currentsthrough the cruciblewalls.

The arc furnacesmay havethe arc drawnbetweentwo electrodes
of

graphite,or of amorphous
carbon,
provision
for theadjustment
ofwhichis

madeby handor electrically.The heatis transmittedto the metalbelow

by radiationchiefly,although
in onedesignit is directed
downwards
by
a third electrode,
placedverticallyabove,
whichforcestheflameof the arc
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down on the charge. Or electrodes
are insertedperpendicularly,
andthe
arc is drawnbetweentheseand the bath of metal,or theslagor carbonin
the trough.

The furnacesthat operateby electricalinductionmustbe so designed
as to counteract what is termed the " pinch effect". When the molten
metal lies in an open channel in a horizontal plane, a break occurs in the
current at an early stage,interrupting the circuit at the point of smallest
cross-section,and checkingthe melting. This pinch effect,which doesnot
occur in furnacesmelting steel,hasto be counteracted
by producinga violent
circulation of the liquid metal in secondarychannelsor loopssituatedbelow

the charge. This is effectedin differentways,in whichtheelectricenergy
is converted into heat, with rapid movements,sufficientto prevent interruption of the circuit.

Furnaces for Malleable Cast Iron.-Frequently, these are air
furnaces of the reverberatorydesign. To a very small extent, cupolasand
open-hearth furnaces are used. As the white iron used has to be melted

very hot, the reverberatoryfurnacesare built of greatlength, and the metal
is tapped where it is hottest. This occurs near the fire bridge, and the bed
is sloped towards this part. The fire grate is located at one end, and the
chimney at the end opposite, or to one side. The flame passesover a bridge
next the hearth, and is deflected on the metal by the low roof, which is

usually arched. To facilitatethe chargingof the metal,the roof is generally
made in separatesections," bungs", eachconsistingof an iron framing,
enclosing fire bricks. The sides of the furnace are built of steel plates,
reinforced with binders, and the foundation is concrete. The lining is of

brick, enclosingfire brick, also used for the roof. The working bed is of
siliceous sand, and is relined when it becomesburned away.

The annealingof the castingsis done after they havebeen fettled, with
the result that the combinedcarbon is nearly all changedto graphite, and
the castings,insteadof being intenselyhard and brittle, havetheir strength
and ductility greatly increased,so that they haveacquiredthe generalpro-

perties of iron forgings. The castingsare packedin boxes," saggers",
with hammer scaleor haematiteore, piled in furnaces,and subjectedto a

prolongedtemperature
of from 800°to 900°F. in annealing
ovens. The
designsof thesearenumerous,thoughthe principleis simple. The boxes
of castings,luted to excludeall air and piled in the ovenfurnace,aresubjected to theheatfrom solidfuel burnt in a grateat oneend,or fromgaseous
fuel. Fluesare arranged
beneaththe floor,frequentlyalsoat the sidesand
roof, designedwith the objectof delayingthe escape
of thehot gasesuntil
they haverenderedup all their usefulheat.
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X

EssentialMachinesand Appliances
The moreadvanced
foundriesof the presentday employlabour-saving
methodsto an extentthat wouldhavebeendeemedimpracticable
a few
years ago. Yet in too many shops wasteful ways, which are a financial
handicap in competitive efforts, are retained. It seemsdesirable,therefore,

to give attentionto this particularaspectof foundrywork, dealingwith
the preparationof the sands,with machinemoulding,with fettling,and
the lifting and transport systems.
The Preparation of Sands.-Sand when new from the quarry is not
suitable for moulds without preliminary treatment. This is performedin
isolatedmachines,or in one large plant, which is only installed in the big
foundries. New sandsarewet and lumpy, often havingpebblesintermixed.
Drying is necessary. In small shopsthis is donein the corestoves,the sand
being spread on iron plates. In the bigger foundries, drying cylinders,
which measureabout 6 ft. in diameterby severalfeet in length, are employed. They are either disposedwith the axis horizontally,or at a slight
angle. The sand, fed through a hopper, is carried along the interior of the
revolving cylinder with spiral plates, and thrown against baffle plates, which
bring it into intimate contact with the hot gasesfrom a furnace that traverse
the cylinder. The rotation is slow, being about i r.p.m. These machines,
in different capacities, will dry from 10 cwt. to 3 tons of sand per hour.
After drying it is necessary to crush, pulverize, and grade the sand.
The machines used for these processes are edge runners, disintegrators,

riddles, and sieves. Crushing is only necessarywith the coarser,harder,
clayey sands, and is not adoptedwith the finer qualities,but insteadthe
lumps are triturated. In small foundries they are broken with a punner,
and the product with the ordinary mass is put through a riddle. The
machinesthat crush(fig. 63)arealsousedfor mixing wet loam,hencetermed
" loam mills ". They are similar to mortar mills. The lumpy sand is

groundbetweenrevolvingrunnersand the bottomof the pan, which is
commonlyfitted with removable
chilledplates. The runnersarefrequently
chilled, or they are steel-tyred. Scrapersarefixed at anangleto heapup the
sand in front of the runners.

These revolve on their shafts, and are at the

sametime rotated aroundthe pan on a centralvertical shaft. In somecases

the pan revolvesunderthe runners. Driving is donethroughbelt pulleys
andbevelgears,and the pulverizedsandis discharged
througha shootat
the bottom of the pan. Many pansusedfor mixing loamhavetheir rollers

deeplyindentedlike hugecogs. Thesethrowup theloam,andamalgamate
it verythoroughly. Oneof theseis oftenusedwith a smoothroller on the

opposite
shaft. Somerunners
againaredeeplygrooved,
in annularfashion.
The next processis the triturationof the sandto bring it into a fine,
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looseconditionpreparatoryto passingit throughthe riddles and sieves.
This is done in the disintegrators,which consistessentiallyof annularrows

of prongscarriedon a disc,whichrevolvesat a veryhighspeed. Thesand

Fig. 63.-Grinding

Mill

A, Runners. B,Pan. c, Chilledbottomplates. D, Scrapers.E,Shootfor discharge.

is beatenand thrown about violently. The prongsstandvertically^ (fig.

64)or lie horizontally
in different
designs.Theyarecarried
on a single

disc,or two discsfaceeachotherwith the prongson oneenteringthespaces
on those of the other, the rotationsbeing in oppositedirections. Or
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one may be stationarywhile the other rotates. The shaft of one disc is

hollowto receivethat of the other. They are drivenwith separate
belt
pulleys,or a bevelwheelon a pulleyshaftdrivesa similarwheelon each
disc shaft,in oppositedirections.
Riddlesand sievesareusedto gradesandsinto coarseand finevarieties,
to separateportions imperfectlypulverized,and, in the caseof old sand,to

getrid of coldshotsandnails. Theformergenerally
consists
of aframewith
parallelrods, leavingopenspaces
of J in. or so,while a sievehasa reticulated

Fig. 64.-Sand
A, Hopper.

Mixer and Disintegrator

B, Revolving prongs electrically driven.

meshof crossingwires. Hand-operatedriddles and sievesreciprocatedon
a horse are too slow in action. Any machine is far more economical. The

simplestis that in which the ordinaryround sieveis attachedand lockedto
a light iron frame reciprocatedwith a belt-driven pulley and crank. This
can make 800 reciprocations per minute, and deal with as much sand as a

man can shovel into it, an output of 3 tons per hour beingpossibleat an
expenditure of from \ to \ h.p.

Larger machines have sievesand riddles

madeto interchangein a rectangularframedriven by cranksandconnecting
rods, andslopedat a slight anglefrom the horizontalto throwthe lumpsthat
will not passthe meshesout at one end. Machines of this classwill dealwith
quantities ranging from 3 to 14 tons of sand per hour, with J-in. mesh, the

output beinglesswith finer grading. To dealwith largerquantitiesmachines
have the sieves arranged on six sides, enclosing the sand, and rotated on a
VOL. I.

11
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centralshaft,makingabout30 r.p.m. A jarringactionis producedby the
contact of cams,which assistsin breakingup the sand,that is also thrown
about by internal stays.
Coal is ground to dust in mills providedwith heavyrollers,or balls,the

first beingusedwithin closedcylinders,the second(fig. 65) in openpans.
The balls, of cast iron, about 10 in. in diameter,are rotated in an annular
path having a concavesectionof rather largerradiusthan that of the balls.
The samemills may be usedfor pulverizingsands.
In the largestfoundriestheseunits areassociated
in one automaticsystem

Fig. 65.-Coal

for continuous treatment.

Mill

In general, the arrangement is as follows: raw

sand is thrown into a hopper at the baseof an elevator,which discharges
it
into a drying oven. Thence it goesinto the grinding mill, afterwardsinto
a polygonal sieve,and then to a mixing apparatus,wherethe coal dust is
added in the correct proportion. The old sandis treated in another part
of the plant, conveyed for admixture with the new, the product elevatedinto

a disintegrator,mixed, and stored in bins for use.
Machines for Moulding.-It
is not possible to describe here, even in
barest outlines, the leading types of these machines, of which the useful
varieties must now be numbered by hundreds. The only way to treat this

immensesubjectis to statewith brevity the formsandutilities of the principal
elements in their designs, with comparisons of the methods and economies
of their operations.
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Mention has been made on a previous page of the loss of time involved

in the preparation of a dummy box of sand, on which the parting joint is

Fig. 66.-Valve

Body Patterns of Wood mounted on Wooden Plate. The plate, cleated at the ends, has
open joints and strips of hoop iron to secure box pins.

made in moulding by turning over. This wasteful method is avoided in
all machine moulding, as it is also in all odd-side work, and in the plating of

/o\

Fig. 67.-Cock

Body Patterns of Metal with Ingate and Runners mounted on Iron Plate

patterns,an immenseamountof which is donewithout any assistance
from
machines. As these are more widely utilized the value of the odd-sidelessens,

while that of plating grows. Its basisis the plain bottom or joint board
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independentof its pattern, which
is laid

on the face of the board.

To this the bottom box or drag

is pinned before ramming. The
time otherwise occupied in making

a temporarysandbed on which to
ram the drag (to be afterwards
thrown away) is saved, and the

board provides a true joint plane
without strickling and sleeking it
with

the trowel.

From

this to the

permanentmounting of a pattern
or a portion of a pattern or more

than one pattern on a plate of
wood (fig. 66) or of iron (figs. 67
and 68), where pattern portions
are attached on opposite sides of

the same plate, is a natural development,as is also their transference from the floor or the work
bench to the table of a machine.

Economies do not cease here, but

Fig.68.-Brake
Blocks
mounted
onPlate

they increasewhen joints are of
non - plane shapes, combining
slopes and curves, and when several patterns are mounted on one
plate,eachrequiringa separate
runner.

In

these

cases it

is

usually preferable to cast pattern parts, plate, and runners

all in one piece,than to adopt
the

method

common

with

planeplates of preparing the
patterns separately,and attaching them to their plates
with

screws

or rivets.

Obviously, the moulding
table is the first important
element in any machine, since

it is the plate to which the
pattern parts are attached
directly, or to which the
patterns, already mounted on
their plates, are secured.
Tables

either

turn

over, to

Fig.
69.-Turn-over
Table
Machine,
withpresser
head
abovebring each face uppermost
and carrying-off table that runs on tracks below. Pattern parts
are
mounted
onplate
attached
tothetable.
(figs.69 and 70),or they are

ESSENTIAL

MACHINES

AND

APPLIANCES

165

fixed (fig. 71),in which caseonly the top faceis used. In a relatively
small group, top and bottom faces of fixed tables are used, by pressing
boxesof sand simultaneouslyagainstpattern parts mountedon eachface,
thesebeing worked hydraulically (fig. 72). Using a turn-over table, the
sandis rammed(fig. 73) or pressed(figs. 69 and 70) over the patternportion
on the upper face. After beingturned over, with the box, the latter is withdrawndownwards,and the other portion of the pattern, on the oppositeface,
beingbrought upwards (fig. 74), is rammed. The closedmould is seenin
fig. 75. The majority of machinesof small and medium dimensionshave

Fig. 70.-Hand-moulding

Machine with Turn-over Table

A, Turn-over Table. B, Plates to securepatterns. C, Sand frame. D, Presserhead.

tablesof this kind. The large machinesmust generally havefixed tables.
In these, the mould is lifted off its pattern with rods or " stools ", or with

power. In somedesignsthe tableis rockedover to permit of the lifting of
the pattern out of the mould, or, in a very large number of cases,the pattern
is withdrawn downwardsthrough a stripping plate (figs. 71, 76, 77, 78),
this being necessaryin all those patterns which have deep perpendicular
sides, and desirable even when depths exceed 3 or 4 in., being beyond the
limit at which delivery can be assisted by rapping.

After plating, the two important detailsin the moulding operationsare
ramming and delivery. Mechanical aids are provided for these in most
machines, but not in all. The cost of hand-ramming increaseswith the
dimensions of the mould, and with the intricacy of its details, so that several

hours may be occupiedthus in moulds measuringseveralfeet across. Here
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or will
the machines afford great economies, since they will " press
" jar-ram " the largest moulds within their capacity in a few minutes, the
time spent depending chiefly on the rapidity with which the sand is thrown
into the box part. The amount
required for compression is measured

within

a sand " frame " of

wood or metal (fig. 70). Except

Efri<j'X^\\\i

in thedeeper
mouldsr
andunder
loose, projecting pieces, no preliminary peg-ramming is required,
but two or three squeezingswith
the presser head suffices. In the
jar - ramming machines a few
bumps consolidate the sand in the

Fig. 71.-Radiators and Flangesof Motor Cylinder
drawn through Stripping

Plate in a Fixed Table A

deepest moulds.

These there-

fore, after the plating, afford the
chief

economies

of machine

work.

Delivery of patterns by hand
is only the work of a minute or

two. The advantageof using a
machine
stitutes

is therefore
an accurate

that it submechanical

lift for the unsteady action of
the hands, and that in very many
instances the employment of

Fig. 72.-Boxes

Pressed and Delivered in Unison on a

Non-turn-over
Table
A

stripping plates prevents breaking down of the sand, and consequent
mending-up,with inaccurateresults. Somemachinesdo not include this,
but their utilities are confined to the shallower patterns, and those whose

shapesfavourdelivery. The mechanical
withdrawalis furnishedby means
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of guidesthat rigidly control the downward movementof the pattern away
from its mould, or the upward lift of the box off its pattern. A little rapping

Fig. 73--Bottom

Fig. 74.-Top

Box rammed over Pattern, then tabled, turned over, and mould delivered

Box rammed over Pattern, embedded in Plaster of Paris, then turned over and delivered

ig. 75--Mould Closed and Completed
Figs. 73-75--Cone Pulley moulded on a Darling & Sellers' Machine

A, Pattern. B, Its mounting;, c, Tableof machine, D,Bottombox. E,Top box.

is done,whichdoesnot sensiblyenlargethe mould,like lateralhandrapping,but loosensthecontactof the sandslightly. Eithera handmalletis
used,strikingblowson the table,or a pneumaticpistonproduces
vibration.
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The most remarkablefact in connectionwith machinemoulding after
that of the very numerous variations in the designs in use is that of the

Fig. 76.-Portion of Pattern A being drawn through Stripping PlateB lined with White Metal.
C, Pattern plate. D, Frame of Machine.

enormousgrowthin their dimensions
andcapacities.Patterns,
the castings
from whichweighseveraltons,aremouldedon jar-rammingmachines,
and

Fig. 77
Figs. 77 and 78.-Brake

Shoe, pattern part moulded

A, Pattern part for bottom. B, That for top box. C,Pattern plates.

those of several hundredweights on hand-operatedkinds. Though the

movableparts are heavy,their massis counterweighted
with weightsor
springs,andmovements
arerenderedeasywith leversandgears.For power
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:hines compressedair or pressurewater are employed. Associatedwith
se machines are conveying systems for sand, flasks, and finished moulds.
iltiple moulding (fig. 79), where moulds are poured in piles, is sometimes
ipted for small castings made in quantities.
Machines for Fettling.-In
small foundries the castings are cleaned
h little or no aid from machinery, the value of which grows with output.

ten a castingis taken out of the sandin the morning, nothing is done to
>nthe moulding area, but it is transported to the fettling shed, where the
es are extracted, the runners and risers cut off, and a general examination
de to ascertain whether it is entirely sound before doing any work upon
If satisfactory, runner marks and fins are removed, together with all
plus lumps and adherent sand. This is done by hand with chipping
sels, coarse files, and scratch brushes of wire.

But better methods are

liable.

Fig. 78
Machine
Stripping Plates on " International"
rame of machine.
E, Stripping plates lined with Babbit.

In the larger foundries, runners are cut off iron castingswith a circular
\r- for thosein brass,a git cutting machineis used,which consistsof two
Dosedchiselsactuatedthrough a reciprocatingslide, with power. These
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are not only morerapid in actionthan the severance
by hand,but they involve
no risk of tearing out the metal below the surfaceof the casting. This is
liable to occurwhen runners are knockedoff with the hammer. This may
be preventedby nicking all round with a cold chiselbeforeusingthe hammer.
In any casethe surfacehasto be smoothedby chipping and filing, which is
avoided when a machine is employedfor severance. Fins occur more or
less on all castings,following the mould joints, and the fitting of coresin
their print impressions. These are laboriously removedwith hammerand
chisel. The pneumatic chipping
chisels

are

far

more

efficient.

Much economy of time results in
this kind of work, and in smooth-

ing lumpy and rough portions,
when emery grinding wheels are

installed. The larger sizes are
mounted on a floor stand, the
smaller

on

a work

bench.

To

deal with castings that are too

large to be handledand presented
to the fixed machines, wheels are

mounted on suspended arms to be
swung by the workman into any

requiredposition.
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Whenlargequantities
of small

Lutj-

castingshaveto be smoothed,this
is done,after preliminary grinding
for

the

removal

of

fins

and

ex-

crescences, in a tumbling barrel
or rumbler. This is a cylindrical

ff^gff;^VM|^

vessel
from
18in.
in
diameter
by from
30to
in. 36
to in.
60 in.
tra

79.-Multiple

Moulds

poured In Files through

Ingate
A

in length, rotated round its longitudinal

axis

about

once

in

a

second. Within this the castings
are tumbled

in contact

with

small

" stars", and are smoothed and polished by the mutual friction set up.
Iron is tumbled dry; brass,with water. The driving is done with a belt
direct, or through gears,or the drums run on rollers. Its axis is horizontal
or inclined. Polygonaldrums are made,with chilled lining plates.
Sincelarge castingscannotbe put in tumbling barrels,these,in the more
advanced foundries with a sufficient output, are treated in a sand-blasting

plant, for which an air compressor,giving a low blast pressureranging
between5 and 25 Ib. per squareinch, is necessary.Having a suitableplant,
castingsof any sizesand weights can be cleaned. The castingsare placed
in a room, constructedof sheetiron, having a perforatedsteel floor and a

glassroof, well ventilated. The sand,propelledby the air pressure,is
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directed through a nozzle held by the operator to any portion of the castings.
The sand falls through gratings in the floor into a hopper, to be drawn by
an exhauster back to the sand-supply. The attendant is protected with a
helmet of felt or leather, covered in front with sheet rubber, which prevents
dust getting into the lungs, and material from striking his face. Air for
respiration enters through a hose at the top, the expired air passing out

betweenthe lower part of the helmet and the shoulders. Glassis not used
for the eyes,sinceit would becomeobscured,but fine wire gauzeinstead.
Quartz sand is used, but chilled iron sand is better. It is prepared by
atomizing a stream of molten iron with jets of steam projected into a tank
of water. There are several designs of sand-blasting plants now in use.
Lifting
and Transport
Systems. - The calls for hoisting and
transport are incessant in the foundry. Much time will be wasted if the
provisions made for these are inefficient. The overhead travelling crane
is the best machine to install, because it will command the entire area of the

shop. Its power must be rated by that of the weight of work being done.
The most economical design is the three-motor crane, in which the motors
are respectively rated for hoisting, travelling, and cross-traversing. Cranes
of different powers are installed in different areas,to suit the work being done.
It is well to supplement these with a few swinging jib craneslocated in areas
where mould parts are likely to monopolize the crane service for considerable
periods. As these are attached to the columns that support the roof, they
do not block any shop area. Very light moulding makes few demands on
cranes, and overhead tracks, from which depend pulley blocks, or light
hoists are often provided for these departments. An equally good alternative
is a light overhead traveller, worked with a dependent rope from below.
Many of these are driven electrically.
The overhead cranes transport as well as lift rapidly, taking moulding
boxes and castings along the shop, and transporting ladles of metal. But,
since their movements are confined by the shop walls, they have to work in
associationwith extramural tracks, entering a few feet within. These are of

standardgaugeto communicatewith the yard tracks. Here the question
arisesof employingfloor tracksthroughoutthe lengthof the foundry. When
these are laid down, as they often are, the gaugeis 18 in. or 24 in.

But they

are only desirablein the departmentsthat deal with the lighter castings.
Whereheavymoulds arebeinghandled,the floor tracksareof lessvaluethan
the overhead travellers, and it is difficult to keep them clear of mould parts
in the morning, when these are laid open for cleaning and coring. In long

shops,devotedto the light work, they are useful for generalservice,even
though a light travelleris employed.
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Shop Arrangementsand Organization

;

Only one designof foundry is regardedwith favour now, a rectangular
building, parallel, with unobstructedroof light, and comprisingone bay, or

"

more often two or three, each bay with its own roof, but without obstructions

;

in the shapeof separatingwalls. A clearareais thus includedbetweenthe

!

outer walls that permits of ready intercommunication and efficient super-

"I
""

vision. Within thesebays, the work of different departmentsis carried on
in strictly localizedareas,eachbeing servedwith the cranesand tacklethat

;

are specially adapted for the work to be done. These departments in the

i
|

majority of foundries include heavygreensand, light greensand,plate and
machine moulding, often subdivided further, to locate castingsmade in
quantities by themselves, loam moulding, and core making. These classes

1

of work are doneby separate
groupsof menwho seldomhandleany other

\
i
i

branch, having developedthe facultiesof experts. In addition, the melting
of metal is the exclusivetaskof the furnacemanand his helpers;sandgrinding
and mixing occupyother hands;fettling is done in a separateroom. Crane
operatorsare required, and there is a large proportion of loading,carrying,
and attendance on the moulders that engages the services of a body of

j

unskilled

labourers.

i

Roof spans may range from 30 to 40 ft., depending on the bulk of the

j

workdone. A heightof about25ft. to the springof theroofis suitable.
If symmetry is desired,spansshouldbe equal and heights uniform, so that
future longitudinal extensionsare simplified. The enclosingwalls should
be of brick. The internal roof columns may be either of cast iron or built
up of steel bars and rolled sections. In each caseattachments can be made
to receive the pintles of swinging jib cranes. The main section usually
terminates with the runways for the overhead cranes,and a separatesmaller
section is carried up to the roof principals. A ridge roof is usual, with a

ventilating louvre -surmounting. The principals are of steel, formed of tee
sectionsand bars. It should be coveredwith slates,laid on felt, spreadon
boards.

Illumination

is provided by a continuous skylight along each

ridge, or along the north ridge only. An alternativeis the saw-toothroof,
with north light, but this is not nearlyso commonas the symmetricaldesign.
Puttyless glazing should be used, and a thick glass. Windows are not
necessaryin the brick walls, but they relievethe otherwisedepressingeffect.
As in most cases,the cupolas and the machines, together with the sand and
coke stores, are located outside and close to the main building. This precludes the employment of windows there, but they can be inserted in the

oppositeside and in the end walls.
The minute subdivisionof tasksthat is familiar in the big machineshop
does not exist in the foundries.

Men are occupied in one or other of the

leading sectionspreviouslymentioned,beyondwhich they seldomgo. But
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the more specializedthe firm's manufacturebecomes,the greater is the
scopefor the introductionof separationof taskswithin the greatsubdivisions.
Thus, different sets of men will be engagedon the making of large and of
small cylinders,on pulleys, gearwheels,railway chairs,or any other articles
that are produced regularly in large quantities. This becomesamplified
in somemachine work where the production of a complete mould is the
combined result of the labours of several men, none of whom are moulders

in the senseof being craftsmen. And while in the generalclassof foundries
the work is mostly done by the day, in all specialized tasks payment by the

piece is adopted. One foreman,with an assistantand a clerk, sufficesfor
the supervisionof all the departments,but eachhasgenerallya leadinghand,
who, by virtue of his experience and reliability, is placed in charge of it,

directingthe routine, while he himself is engagedin the generalwork of the
department.
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The Machine-shop
CHAPTER

I

The Work of the Machine-shop
Changed Aspects.-This departmentof the engineers'factory shows
changesmore extensivethan thosewhich haveoccurredin any other, even
though the foundry and the smithy havebeenconsiderablyremodelled. To
an old craftsmanthe changesare remarkable. A few yearsago, the costof
machiningwas so high that it was avoidedas far as possible,and the work
of the foundry and the smithy was arrangedto this end. Thosewere the
days of cored holes and " black fits ", when the pattern-maker and
smith were brought to book if undue allowanceswereleft for machining. It
was the period, too, of weak machines, of single-cutting tools, mostly made
of carbon steel, with only a meagre proportion of " Mushet " tools. To-day
opposite conditions rule. Coring, black fits, and scanty allowances for

machiningare discouraged. Holes are drilled in the solid; piecesof fairly
large dimensions are turned, bored, and cut off from solid parallel bars; and,
instead of being made from expensive forgings, articles are shaped from

blocks of metal first severedin the ubiquitous hack-sawingmachine,then
chucked and reduced rapidly.
The Causes of Changed Practice.-These
reforms are due to several
causes. There is an intelligent distrust of some of the old long-standardized

methodsof dealingwith certainarticleson certainmachines,andnewmethods
of solving problems of machining are justified by results. Another improvement is the increased strength of machine-tools, which is accompanied by

more rational designand a generalspeeding-up. There are also improvements in the forms and in the materials of the cutting-tools used, and of the

very numerousappliances,such as jigs, fixtures, and devicesfor multiple
and continuousmachining. A rigid systemof gauging is now in vogue.
These and other influences have brought the machine-shops of to-day into
strong contrast with their forerunners.
The manufacture of small arms, the smaller machines, motor vehicles,
aero-engines,and so on, in large numbers, has called for the production of

thousandsof similar parts with fine tolerances. This work has had to
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be done with a minimum of skilled attendance,and has been accom-

plished at an almost fabulousreductionin costs. The specialmachine
and its set-upof tools is the dominatingfact. It securesthe degreeof
accuracydesiredwith continuousproduction,and eliminatesthe special

fittingof partswhichusedto takeplace,andsubstitutes
" assembling
" for
this costlyoperation.

An immensenumberof suchspecialmachine-tools
has beendesigned.
Concurrentlywith this developing,
newappliances
havebeenschemed
to
assistand extendthe purposes
to whichthe machines
maybe put, andto
economizethe time of the attendants,and incidentally to relieve them of

responsibility.Always,the essential
pointis that accurate
workis produced
in large quantities,while its costis greatlylessened.
Machining Elementary Forms.-If
the elementary geometrical forms
machined are observed,they will be found to be simple and few in number.

They comprise plane, cylindrical, and helical surfaces,though in great
variety. These are practically all; yet the types of machines built to form
these very simple shapes are numbered by the score, and the individual
designs run into hundreds. Yet the numbers constantly grow-hardly a

weekpassesbut somenewmachine,possessing
somespecialfeature,is placed
on the market.

The role of producing any one of these simple geometrical forms is not
confined to one method or to one kind of machine. A plane surface can
be produced in the planer, shaper, slotter, drilling or boring machine, the
lathe, the milling machine, or the grinder. A cylindrical surface can be
machined in the lathe, the boring and turning mill, or the grinder, and, with
some limitations, in the drilling machine, the shaper, and the slotter. An

internal cylindrical surface(bore) can be madein the lathe, the drilling or
boring machine, the milling or grinding machine. A spiral or helical
surface can be producedin the lathe, the screwingmachine, the milling
machine,or the grinder. Specialshapesmay be cut in lathesprovidedwith
" forming" slides, and with suitable tools; in milling, grinding, and
broaching machines,and in gear-cutters. Similar forms are producedon
several kinds of machines, and this fact has had a vital bearing on the changing

practice of the presentday. The machinechosenis the one which will do
the work required best and most cheaply. Three considerationsarise: (i)
the selection of the best method or machine; (2) the dimensions of articles

and the relativepositionsof the parts to be machined;and (3) the degreeof
accuracy desired.
i. TH£ SELECTION
OF MACHINES.-It is not always easy to choose the

best from severalpossiblemachines. Machinesnaturally fall into groups,
and somemachinesof eachgroup are better fitted than others for the performance of certain tasks. It does not follow that becausea planer will

work on short piecesit is the best tool for dealingwith all short articles.
The shaperor slotter may be better. As a generalprinciple a reciprocating
machine-toolshould not be employedif a rotating one will producesatis-

factory results. Nor oughtshort screwsto be producedon the screw-
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cuttinglatheif other machines
designed
speciallyfor cuttingshortscrews
are available.Certainjobs areallocatedto certainmachines
because
they
haveprovedmostsuitablein practice.

2. DIMENSIONS.-The
dimensionsof articlesto be machinednaturally
determine
thesizeof themachines
used. Thesizeofthemachine
isspecified
in differentways,dependingon the kind of machine.The lengthsof
planer and other beds, the dimensionsof tables, the swing, and the
centre-distance of lathes, the sizesof chucks, mandrels, and so on, determine

the " size" of the machines. The machinemay take either a singlelarge
pieceor severalsmallerpieces;thus a seriesof articlesmaybe put in tandem
on a machine-table, or be disposed around a chuck, or two or more articles
may be placed on a mandrel.

3. ACCURACY.-The
degreeof accuracydesiredis the factor upon which
the interchangeable
systemof manufacturedepends. Certain " tolerances
"
are allowed, and if parts which are to fit together comply with these
tolerances,
any part A will fit anypart B: for example,suppose
a |-in. spindle
is to fit a hole approximatelyJ in. in diameter. If the holeis drilled so that
its diameteris less than 0-505in., and morethan 0-495in->and the spindle
is turned so that its diameteris lessthan 0-495in. and greaterthan 0-49in.,
then any spindle turned to these tolerances will fit any hole bored to the
tolerances stated for it. The tolerance allowed in the hole is 0-505 - 0-495
= o-oi in.
The tolerance allowed for the spindle is (0-495 - 0-49)

= 0-005i*1- Now it is clearthat the finer the tolerancesthe more difficult
and costly is manufacture. What then is the advantageof fine tolerances?
The advantages
are that a noiselesssmoothly-runningmachinecanbe built
which will have great freedomfrom wear, becausethe moving parts have
no room in which to knock themselves to pieces. The contrast between a

Rolls-Royceand a Ford car engineis largelyone of contrastbetweentolerances. In one casewe havean expensive,smoothly-runningcar which is
cheapto maintain, in the other a cheapcar,but one with highermaintenance
costs.

The Machines.-In

a study of the machine-shop,someknowledgeof

the standard machine-tools must be assumed-we are here chiefly concerned

with the later developmentswhich have followed the changingpracticeof

\

the presentday. It doesnot harmonize
with that practiceto dealwith the

i

machines,as of old, in watertightcompartments. The work of alliedgroups

frequentlyoverlaps. Whatis of momentnowisthemodernwayof regarding
the vast subjectof machining,the reactionof this view on machinedesign
and selection, and on shop practice.
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CHAPTER

The

II

Tools

GROUP

Single-edged Gutting-tools.-These

I

are used in the lathes, planers,

shapers, and slotters. They are so termed because each tool has but one

edge, which distinguishesthe group from the reamersand milling-cutters,
which haveseveraledgesacting in quick succession. They are an obvious
survival from the period when tools were presented by hand.
Formerly these tools were ground solidly with the shank or bar on the

end of which they were forged. Later, they have been more frequently
made separately,as tool points, to be grippedin holders,of which thereare
many scoresof designs. The expenseof a higher grade of steel can then
be incurred for the small tool point, and in many instancestool points can
be disposedand operatedto much greater advantagethan when they are
forged solidly on long shanks. These holders occur in severalmachines,
but principally in the newer lathes, in automatic turning machines, and

turret lathes. They reachtheir highestdevelopmentsin the latter.
Tool

Angles,

Rake.--The

term

" single-edged "

includes some

dozensof endsand edgesshapeddifferently, somebeing true cutting-tools,
others scrapers only. The essential difference between cutting-tools and
scrapers is that the first has top rake, the second has none, that is, in the

first the top faceof the tool makesan angleof somethinglessthan 90° with
the surfaceof the work, if plane,or with its tangentif circular; while in the
second the angle is 90°.

The " tool angle", the angle of " clearance", and the angle of " top
rake ", are shownin figs, i and 2. The tool angleis a measureof the ability
of the tool to resistthe pressureof the cut, and it is thereforemaintainedas
large as possible. The clearanceof 6° (figs, i and 2) need not vary much,
sincethis clearance
is providedmerelyto preventfriction and heatingbetween
the tool and the surfaceof the work. It may range between 3° and 7°,
though many tools that arehand ground havea larger amount,by virtue of
which they cut more freely, but at somesacrificeof endurance. The angle
of top rake is varied with the material to be tooled in order to give a good
cutting action, and to permit the chips or the shavingsto comeawayfreely.
The tool angle rangesfrom 50° to 85°, both being exceptional. Keen
angleswould give an easycut, but the edgewould not be permanent. Two
standardangleshave emerged,roughly 70° for the softer steels,and 80° for
the harder

steels and cast iron.

Figs, i and 2 showstandardSellers'tools. Two setsonly of anglesare
adopted(fig. i), the " blunt tools " for castiron and the harder gradesof
steel,and (fig. 2) the " sharp tools " for wrought iron and the softer grades
of steel. Both are madeas right- and left-handedstraight tools, or asright-
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STRAIGHT TOOL - RIGHT HAND

PLAN

BENT

-

TOOL- RIGHTHAND

Fig. i.-Standard Round-nose Tool

STRAIGHTTOOL- LEFT HAND

BENT

TOOL - LEFT

HAND
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and left-handedbent tools. The anglesare statedon the drawings. The
difference lies in the side top rake.
Side Top Rake.-When
considering top rake it is necessary to bear
in mind

the direction

in which

a tool is fed in relation

to the work.

If it is

traversed laterally, as in turning, then a straightforward nose with front rake
only is not the best possible, becausethe tool angle is not in the line of travel

I

and
the
lateral
strain
onthe
tool

is

increased.

But

if

rake is provided in the
direction

END

Fig.3.-Double-edge
Roughing
Tool

ELEV.

of

travel-"

side

top rake "-the tool can be
fed more easily, will cut
more freely, and the chips
will be deflected away from
the tool support.
This
explains why the majority
of roughing-tools have side
top rake, and why, when a
straightforward tool is em-

ployed, it is generallyset at an angle for traversecuts, and why so many
tools with top rake are bent at the points right and left to correspond
with the direction of their traverse. The blunt tool in fig. i has 14°
I J

of side top rake, and the sharp tool (fig. 2) has 22°.
Plan Outlines, Roughing and Finishing.-The
curvature of the
nose of a cutting-tool is important. Figs, i and 2
show " round-nose " tools. These gouge-like tools
remove

material

with

the maximum

of

effect.

The

amountof convexityvariesconsiderably,and generally
those with the longer radii are used for the heavier
duties. These are termed roughing-tools, notwithstanding that they are often retained for finishing.

SECTION
A&

A

-

PLAN

The distinction between tools for roughing and

fl

finishing is not observed to the same extent as of old.
The spring-tool, so long a favourite with turners, is
obsolete. Tools with double edges (fig. 3), such as
are commonly used in lathes, rough with the leading
edge,while the small following radius leaves a smooth
surface.

Fig.4.-AKnife
Tool

Knife Tools.-The knife or shaving-toolsare
employed extensivelyin turret lathes. They rough
and finish. They cut normally to the knife edge
(fig. 4), and remove broad shavings with fine feeds,

leaving a finished surfaceon the work. They are made straightforward,
left-handed,and cranked. A clearanceof 6° and a side top rake of 12° is
suitable. Allied to the knife tools are the narrow parting-tools, used for
severing pieces of work. These are made straightforward,left-handed
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and cranked. They haveno top rake,but only front and sideclearances.
There is also a slight clearancefrom the front backwards.

Tools with Profiled Edges.-These form a verylargegroup,used
only for finishingwithouttraverse.They haveno top rake,areusedindifferentlyfor all materials,
largelyin thelathes,andonly to a verylimited
extentin reciprocating
machines,
sincethe work is donebetterwith profiled milling-cutters. A familiar form is the "

vee

" tool, employedin

cutting screw threads. As these have to traverse, 8° is a suitable side clear-

ancefor them. They areoftenmaderight- and left-handed,
with a larger
clearance
on the leadingedge. They arealsostraightforwardand bent.
GROUP

II

The Drills.-Few drills are usednow exceptthoseof the twist design.
None of theseare strictly standardized,exceptin the practiceof individual
manufacturers. The true drills havetwo cutting lips
only-single edges in balance. Those with three or
with four lips link the drills with the reamers, and
are used for finishing holes.
Drill Angles.-Twist-drills
are true cuttingtools. The old flat drills were scrapes.-The straightfluted drills used for brass are scrapes. With these
exceptions drills are right-handed cutting-tools, only
a few for special purposes being made left-handed.
The helix angle-that imparted to the flutes (fig. 5, B),
correspondswith the top rake of the common singleedged tools. An averageis 25°, but in some designs
it is as high as 30°. In the " increase" twist-drill
the angle changes as the lips are ground, becoming
less acute. The exit of the cuttings is facilitated,
and the

thickness

of the web

increases.

The

in-

creasedthickness of web provides additional strength
to resist torsional stress. A slight disadvantage is
the reduction in the cutting angle. The increased
twist in drills standardized by different firms varies

(fig. 5) from 26° at A to 21° at B, and from 32°
at A to 27° at B, at extremes. The angle c of the
lips of drills varies only slightly, ranging from
58° to 61°. The usual angleis 59°. The clearance
angleor backing-off,D, varies from about 6° to 15°.Kg.5--Elements
ofTwist
DHII
A usual amount is 12°, but it need not be so large.

It should increasefrom the peripherytowardsthe centre. On this clearancedependsthe anglewhich the " chisel edge" or drill point makeswith

the flat portionof the flute,whichis properly135°(fig.6, B). If thisangle
is much larger,asat A, the point is too keenfor endurance;
if obtuse,
as
at c, the edgewill not cut but will rub only.
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The point of a drill must be exactly centralwith the shank,and the lips

of equallengthandangle;otherwise
theworkwill not besharedequally,nor
will the hole be true to size, nor can it be drilled at maximum speed.
Thinning the lips in the larger drills (fig. 7) contributesto efficiency,especially as the toolswear back. Longitudinal clearanceis the slight reduction
in diameterfrom lips to shank,which enablesthe drill to clear itself in its
hole. It rangesfrom 0-00025to 0-0015*&"Per inch m length- Peripheral
clearance(fig. 7) is that round the circumferenceof the drill, starting from
the " land " a (comparewith fig. 5), which backs up the cutting edgeand
preserves the diameter.

Speeds and Feeds.-The performancesof twist-drills vary greatly,
the controllingconditionsbeingthe quality of the drill, the degreeof accuracy
of the clearances,
the careexercisedin grinding, the nature and the amount

A

' B

C

'

Fig. 6.-Effect of Angle on Chisel Edge or Drill Point

Fig. 7.-End View of Drill

I

of thelubricantused,the build of the drillingmachine,
andthemassof

I

the work being drilled.

Published tables of performances afford but a

generalguide, to be acceptedwith caution. These performancesmay be
exceededby as much as 100 per cent in exceptionally favourable conditions.
Speeds are usually stated in terms of carbon-steel drills, to be doubled

;
;

when tools of high-speedsteel are used. Peripheralspeedsare statedper
minute. Averagespeedsare: for cast steel,20 to 30 ft. per minute; tool
steel, 30 ft.; malleablecast iron, 45 ft.; cast iron, 40 to 50 ft.; brassand
bronze,from 60 to 200 ft. per minute. Feeds of from 0-004to °'°O7 in.
per revolution are employed for J-in. drills, increasedto from 0-005 to
0-015in. for thoseof larger sizes. Generallyit is better to increasespeeds
than

feeds.

Lubrication.-The
efficiencyof a drill dependson proper lubrication
more than on any other factor. Generallysoda water, soapy water, or
emulsionare used,castiron and brassbeingthe only substances
which are
drilled dry. Many recipesexist for making up an efficient lubricant, and
results are so largely dependent on an abundant supply of the lubricant

being provided, that a good many drills, especiallythose used in turret
work, haveoil passagesthrough which the lubricant is forced under pressure to the lips. Sometimesoil groovesare formedwithin the body of the
drill, a more satisfactory method than letting tubes into grooves cut around

,

Ik

the periphery betweenthe flutes. Such groovesprovide ample room for

the escape
of the chips. Drillswith internaltubesarefixedin a turret,
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and the work revolves. A cup is screwed into the shank to receive the
connection from the oil supply, this connection being usually a flexible pipe.

Twisted Twist-drills.-These

are being usedin increasingnumbers

in preference to those in which the flutes are cut by milling. The demands
of high-speed work are partly responsible for this design, which is a return
to the primitive twist-drills made by twisting a flat bar of steel.
Drill Shanks.-These
are standardized both for tapered and parallel
shanks. The tapered shank is used with drill sockets, and the second
when

the drill

is held in a chuck

or in a turret.

There

are seven sizes of

Morse tapers. One size can only be usedfor a small rangeof drill diameters
differing by a few eighths of an inch. Adapter sleeves or sockets are then
employed, the first for shanks larger than a machine-spindle takes, the second
for those of smaller

sizes.
GROUP

III

Boring-tools.-Boring
is distinguished from drilling not precisely
because bored holes are usually larger than those that are drilled, but
the term signifies the enlargement of a hole which has been already
" drilled ". Though drilling may be done up to 5 or 6 in., and boring
so small as 2 or 3 in. diameter, yet the latter operation is mostly associated
with holes that range, say, from about 3 in. to 20 or 30 ft.

Boring-cutters.-The

single-edgedlathe boring-tool is the type on

which all boring-cutters are designed. The single cutter is retained in many

casesfor roughing. The lathe tool itself hasbut a limited usein the boring
practice of to-day.

The solid shank of the tool is a cantilever that chatters

if it overhangsmuch, or if the pressureof the single cut is unbalanced.
For long holes two or more cutters in balanceare used, either insertedin
slotted bars or carried in heads, which are either fixed or are fed along
their bars. Different shapesand cutting angles may be used for roughing

and for finishing, but frequently no difference is made. In minor details
the tools follow the usual practice in tool designwhich has alreadybeen
described. The boring-tool is a tool point of an expensivebut hard
steel,which is grippedin a bar or holder of commonmaterial.
Cutters in Bars.-Only the smaller holes are bored with cutters that
fit in slots in bars. They are singleor double, and are differently secured.
A wedgeis common(fig. 8) but is liable to shift, so is a round taperedpin,
flattenedon the side next the cutter (fig. 9). Neither alonewould provide
for settingthe cutter to exactradius,which must be doneby gently tapping.
Many single- and double-endedcutters are therefore " self-centred" with
a notch fitting over the diameterof the bar (figs. 8, 9, 10), and then they
cannot shift. Single cutters are adjusted radially with light hammer-taps,
and are then tightened with set-screws(figs, n and 14). They may be set
with a grub-screw at the rear, and clamped with a set-screw(fig. 12). A
verycommonmethodis that in fig. 13,wherethe headof a cheese-head
screw
enteringa notch in the shankof the cutter adjustsit finely. Another method
applied to doublecutters is shown in fig. 15. A grub-screwwith a conical
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Fig. 8.-Single-ended Self-centring Cutter
secured with Wedge. Longitudinal
Elevation.

Fig. 9.-Double-ended Self-centring Cutters secured

Sectional

with Tapered Pins

SECURING
NUT^y
LONGITUDINAL ELEV.
Fig. 10.- Double-ended

Fig. 11

PLAN Of TOP
OF CUTTER

END
Self-centring

ELEV.

Cutters secured with Nuts

SECTIONALEN&
£LEVATION

ADJUSTING
GRUBSCREW
SECTIONALEND EL£V.

Fig 12.-Single-ended
Cutter adjusted
with Grub-screw

CLAMPINCPIN

Fig. 13.-Single-ended Cutter adjusted
with Cheese-head Screw and Clamped
with Tapered Pin

Fig. 14

Figs. IT and 14.-Examples of Two Single-ended Cutters
boring at one time
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point moves the two cutters
outwards
simultaneously,

after which they arepinched
with
the
set - screws
inserted
from
the
front.

Variations

made

in

these

elementary fastenings are
numerous.

Pilots are employed to

centreandsteadythe action
of cutters. A pilot may

END
ELEV.Cutters

Fig. 15.-Double

expanded with Conical-ended

Grub-screw

enter a bush in the table of

a machineor receiveguidancefrom a hole alreadybored. The methodis
very commonin turret lathework. Someprecedingfiguresshowmultiple-

CLAMPINC
0571L/0

GRUB
SCREW
FORMMS1WO
CUTTER-

SECTiOHAL LQNO.ELEV.

Fig. 16.-Round-nosed Cutter adjusted and
clamped in Boring Head

lig.

17

Fig. 18

Richards' Cutters in Boring Heads
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cutting. In fig. 9 shouldered
cuttersareseen,onefor roughingthe other
for finishing, eachbeing securedwith a taperedpin. In fig. 10 two cutters
are securedwith circular nuts that bear againsttheir

HI
r~p1

faces.In fig. n provision
is madefor threecutters
in a bar,twoslotsbeingoccupied;
in fig.14a similar
provision is made. Counter-boresare tools that produce shouldered recessesin holes already bored.
They are centred and steadied with pilots, often
with provision for changingpilots.
Cutters in Heads.-These are either flat- or
round-nosetools (fig. 16) set out with a conicalscrew

»
|
I

!

andclamped. Figs.17and 18 showtwo of the best

!

methods. The toolsbeing set diagonallycut sweetly.
2? A large range of adjustment is provided for, and the

£
«

set-screwsclamp the cutters securely. The headsfit
easily on the bars over half the bore only, and are

|

heldsecurelywith set-screws.
GROUP

Reamers.-A

IV

reamer is used to finish accurately

> | a holepreviouslydrilled,sinceno drill leavesa hole
I § correctto fine limits or perfectlystraight. Though
I .f the reamerremovesan exceedingly
minute amount,
* Q

two passageswith tools of different sizes are often

|

necessary
for the finesttolerances.The reamerhas

£

many cutting-bladeswhich counterbalanceeachother.

§

The old D-bit and the rose reamer (fig. 19) cut by

f
2£

their leadingedges;present-day
reamers
cut with the
whole lengthof their blades. The endsare slightly

| S

tapered to enablethem to enter easily. The blades

s
&

are often spaced irregularly in order to prevent chatter
and risk of " cornering ", due to the fact that if blades

are pitched equally they come round to exactly the
sameplace in eachrevolution,so that any initial inaccuracywill be perpetuated. But the evil is lessened
by imparting a small amountof clearance.Bladesare
straight, or spiral; in the latter the spiral should run
contrary to the cutting edge in order to avoid the
tendency of the reamer to " draw " into the hole.
Reamers are either solid with shanks, or are shells.

They are parallel, or tapered. They are made with
blades solid, or adjustable (fig. 19).

Clearances.-Though a reamer is a scraping tool-the facesof the
teeth being disposedradially- it will not operate well unless suitable
clearancesare provided. A very slight longitudinal clearanceis necessary
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asin the twist-drills,the tool taperingtowardsthe shank. This prevents
therearendfromnibbingin thehole. Endclearance
on thelips of theteeth
enables
the tool to start the cut sweetly. The sideor radialclearance
producesa smoothand true surface.Withoutthis the edgeswouldrub hard
andnot cut at all, and the holewouldnot be true. Generallythe radial
clearance
is a straightface,lyingat an anglegreaterthanthat of the actual
cutting edge,which is very narrow,like the " land " on a drill. The edge
so formedlastslongerthan it wouldif it wereleft keen.

Flutes.-The sectionalformsof flutesvary. They maybe straight,
concave,
or convex,the first beingmost commonasit is morereadilyregroundthanthe others. The flutesof taperedreamers
arestraight,orspiral
in thelongitudinaldirection. Whenusedfor roughing,the flutesareeither
notchedor theyhavea spiralgrooverunningall roundthe teethto break
up the chips(fig. 20). Someof the chuckingreamers
havestraightflutes,
whileagoodmanyhavethree-grooved
spiralswith oil grooves
for thepassage
of the lubricant. All the solid reamershaveshankseitherparallelor tapered
to

standards.

Shell

reamers

fit on arbors, and are only
used for the larger holes.
Floating
Reamers. These

are

used

in

some

of

Fig. 20.-Tapered

Roughung Rtamer

the finest operations. They Lefthand
nottopullin. Serrated
spirally
tobreak
upchips.
accommodate

themselves

to

the holes which they finish. They may float perpendicularlyand at an
angle. They are employed extensivelyin turret work, for which special
holders are provided.

Adjustable Reamers.-These are in some-degreea result of the
growth of the limit systemof gauging,in which minute differencesin the
diametersof holesfor tight, push, and easyfits haveto be made. If solid
reamersare made to deal with certain sizesof holes, they lose their dimensions

rapidly with regrinding. There are many differences
in the detailsof
fitting and adjusting the bladesin thesetools. They may be classifiedas
follows:-

i. Reamershaving a solid body with splits, to be expandedby an

internaltaperedplug (fig.19),whichis eitherdrawnor thrustinwardswith

a screwor driven with a hammer. Only a very slight amountof expansion
is obtainablewith these, but they are suitable for jobs where only fine

cuts arerequiredwith little variationin size. Theyareusedextensively
on turret

lathes.

2. In this group, loosebladesare fitted in recesses
in the body,and
expandedby the insertionof packingstripsbeneaththem. The oneadvantageof this designis thatthebladesbedsolidlyon thepacking,andthat

packings
of increased
thickness
canbe substituted
as the bladesbecome
worn. They arealsocheap,havingfewfittings,andtheycannotreadilybe

tampered
with. Tin-foil is usedfor packing,
the thinneststripsof which
measure
0-0005in. thick. Thesedesigns
areusedin turretlathes.
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3. The bladesarefitted in recesses,
and areexpandedwith wedgesdriven
beneath them.

4. The bladesfit in inclined slots, and are expandedby driving them
inwards towards the higher ends, with or without using locking nuts for
their retention. The blades are ground in place while the body is mounted
on

centres.

5. In this group the bladesare fitted in inclined slots, and are moved
up with nuts conedon the insideto retain the blades,with or without lock
nuts. This design is much to be preferred to the last, becausethe movements
imparted to the blades are simultaneous and more precise, and regrinding

is not necessaryafter the setting. Many of the best reamersare made in
this way.
6. Blades in slots rest upon a central tapered plug or

"

cone bolt ",

which, being forced inwards,expandsall the blades equally. The locking
is effected with nuts. In the " Vickers " design the expansion is imparted
without longitudinal movement of the blades. In a sub-group the blades
are expandedwith two cones,reversed,which are drawn towards each other.
A large range of diameterscan be obtained with these.

7. In somedesignsan eccentricor cambolt hasa seriesof camslike very
shallow ratchet teeth, which by their partial rotation causethe blades to move
outwards.
GROUP

Milling-cutters.-These

V

have gone through a larger evolutionary

growth than any other single group of cutting-tools. They range from J in.
diameter to several feet; include true cutting as well as scraping teeth; can
be used to rough and finish work; and produce not only plane surfacesbut

combinationsof horizontal and vertical faces, and curved and irregular
contours.

Teeth, Speeds, Feeds.-Milling-cutters

have very little in common

with the single-edgedcutting-tools,sincetheir teeth operatein quick successionover broad surfaces. In the edgemills taking deepcuts the angles
of presentation
will change,and the teeth will rub on the leavingedge. Also
the chipswill becomeentangledbetweenthe teeth and causefriction. The
teeth of all the early cutters were pitched too finely to permit of their use as

roughing-tools. Coarserpitchesare imparted now, and roughing-cutters
may be had, but generallythe samecutter is employedfor both functions.
For roughing,the teeth are often notched to break up the chips, and all
exceptthe narrowestcutters havespiral teeth which effect a gradualcut.
A cuttermustnot be run at a high speed,sinceits teethwouldbecomechoked
with chips, but the feed should be coarse. Feeds have been increased

amazingly. They are statedin terms of advancein inchesper minute, or
in fractionsof an inch per revolutionof the cutter. A morepracticaltest is
the number of cubic inches of material removedper minute. The end
mills are more efficient as roughing-toolsthan the edge cutters are, since
there is no changein cutting anglesand the chips get awayfreely. As a
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rale theteethhaveno front rake,but clearance
only,generally
with two
or threefacets,onebeingthe " land" for grinding. Formedteethare
numerous, in which the backs of the teeth are struck from a centre eccentric
in relation
to the
cutter centre. These

'

"

"*

are reground on the

front facesonly, and
retain

their

sectional

shapes until

worn

thin. Thesebelong
to the profile group,
used for gear teeth
and allied shapes.
The
Cutters.

Forms
of
These

include edge, side,
end,

and

formed

cutters, both angular
and

curved,

SIDE
ELEV.

solid

tools and those with
inserted teeth.

Edge and Side SECTlOMALjEDGE
ELEV.
Fig. 21.-Two Interlocking Slotting Cutters clutched so that Teeth overlap

Mills.

-

In

these

andWidthcanbepreserved
afterWear

(figs. 21, 22) the

teeth are cut on the peripheries,and on one or both ends respectively.
When cut on both ends they are used for slitting and grooving. The

JOINT
FACE

SECTIONAL

EDGE ELEV.

Fig. 22.-Interlocking Cuttersin whicheachAlternateToothinterlocks

cutters,in figs.21,22,haveprovisions
for preserving
the width. Edge
mills when over i in. in diameterare provided with spiral teeth, usually

at anangleof 10°,except
in some
cuttersfor roughing,
in whichthisangle
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is considerablyexceeded. Since, as a rule, cutters are used for general
service, the speeds, depths of cut, and feeds are varied to enable them to

work with efficiencyon all materials. Only in the most generalterms can
these be hinted at. Soft steel can be cut at peripheral speedsof from
90 to 150 ft. per minute; the harder steels from 65 to 75 ft.; cast iron,
80 to 100 ft.; the brassesand bronzesup to 1000ft. per minute. Depths
of cut may range from iV. to | in. in one traverse. Feeds, formerly so
low as 2 to 3 in. linear feed per minute, are frequently now from 12 to

PLAN

SfOE £LEV.

Kjg. 24.~-Thrcc Cutters in Gang

""""""",v:y^.-

T

«-*-»^^

\&%L
-Knit

Mill

tig. a«ir-- Two t'wifrrts m <

g, uith L>»uncc*picce

20 in. The metalremovedin a minutewith a cutter 8 in. wideworking
on mild steel hasamountedto 23 c. in., and on cast iron to 48 c. in.
End Mills.--In these(fig. 23) the end teeth cut, and thoseon the side
smooththe surfaces. The teeth arestraight for working on brass,for other
materialsthey are spiral This providesa cutting rakc%
or, when the spirals
are left-hand, the rake is negativewith the tendencyto hold the tool hack
in
its spindle. These tools only cut on the inner ends of the teeth in the
**
centre-cut mills *f, which have teeth on the inside, so that in these the tool

can be sunk vertically to the required depth, and then traversed. End mills

art*providedwith standardtapershanks,or theyareshellsfitting on arbors.
Form Cutters,- 'These include various angular shapes for cutting
and vec'd edges; the tee-slot cutters; angular cutters for producing the
of
the very numerous
employedfor grooving
a
group, .employedfor fluting the drills., reamers,and
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TOOL
MILLING EDGES

TOOL
MILLING
PLANE SURFACE
ON WORH

WORK
MILUNO TOOLS

\i

MILLINGTOOLS.

f WORK
AS
TO
BEMILLED
Fl/JT\
I ONONESIDE & FLAT & RE.
\-CESSED
ONTHEOTHER)

PLAN
MILLING TOOLS\

WORK

I THEWORK
IS A CAST/NO
TOBE MILLEDWmiA PLANESURFACE]

ON
ONE.
SIDE
&TWO
PARALLEL
PLANE
SURFACES
ONTHE
OTHER.
)

\THESE
SURFACES
ARE
NARROW
ONES
&HAVE
'V'EDGES
/

1

BOTTOM
SURFACE

H

OFCASTTING
BEING MILLED

PLAN OF.
WORK

WORK

A TROUGH-SHAPED
CASTING
TOBE MILLEDTOTHESHAPE
SHOWN
INSECTIONAL
ELEV.
ABOVE

PLAN
A CASTING
ARKANGSD TO CARKY THR
BOTTOMHALVESOP TWO 8JSATVNGS
Fig. 26.-Examples
VOL. I.

of Milling

Operations
13
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milling-cutters,
andtypicalof thoseusedfor gearteeth. A concave
cutteris

usedfor producingbeads,and combinationsof theseand similar outlines
are oftenmadefor specialwork.

GangCutters.-These,of whichfigs.24,25,26,27 aretypical,are
«
t

SECTIONAL ELEVATION

Fig. 27.-Four Cutters in Gang, with Distance-pieces

usedextensively
on all the horizontalmilling machines,
but mostlyon the

piano-millers.
Singlecuttersarebuilt up to suit requirements.
Fig.24
showsthreefor cuttingfacesand edgessimultaneously.
Theseare fre-

quentlyinterlocked,
with provisions
for takingup lateralwear. Fig. 25
illustrates two, fig.
27

four

on

an

arbor, with separating

distance-

Av/£AwPieces.
Thegroup
PIN (fig. 26)showsvari-^T!OF
HOLDS
CUTTER

ous operations. At
A an edge mill is

./A/

toolingthe bottom

PIN WHICH-

of a bed.

At

B

CUTTER
CARRIER
DISC

gang mills are tool-

SECTIONAL

ingfacesandedges.

SIDE
ELEV.

c, D, E show three

Fig. 28.-Inserted Cutters, set spirally, held with Pins flattenedto bear

against
Cutters

sets of operations
on a bed. At F
and G cutters are

at workonthebottoms
andfaces
of bearings.
H shows
themillingof a
long strip on five faces.

Inserted-tooth Cutters.-When a cutter exceedsa few inchesin

diameter
it cannot
behardened
andtempered
likethesmaller
tools. Inserted
teethof high-speed
steelarefastened
in bodiesof castiron or of mild steel.

Cutting
points
areoftenidentical
in shape
withthesingle-edged
tools.
"-^

aresetstraight-faced
or spirally,
andarefastened
in manyways.

8shows
spiralblades
heldwith flattened
pins. Sidecuttersarelocated
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with shouldersandheld similarly.Roughing-cutters
in fig. 29 areeach
adjusted
with a grub-screw
andlocked
witha nut. Cutters
aresetspirally,
andtightenedwith tapered
pinsin splits. Wedge
bushings
andscrews
are

Fig. 29.-** Wrigley " High-speed Cutters for Aluminium, adjustedwith Screwand lockedwith Nut

used for tightening. Many of the headswith insertedcuttersare several
feet in diameter.
GROUP

Grinding

Wheels.-The

old term

VI
"

emery

" wheels applied to this

grouphas long beenabandoned,
sinceemeryis employedto a limited
andever-lessening
extent,havingbeenreplaced
by moreeffectivegrinding
materials.

J
t

Emery and Corundum.-The
difference
between
these
is oneof

purity. Alumina is the chief constituent
of each. Corundumcontainsa
higherproportion of aluminathanemery,andits grainssplit,leavingsharp

edges;
while emerywearssmoothly,
witha glazed
surface.Bothmaterials
areimpregnatedwith oxideof iron,which,whenpresentin largequantities,
reduces
the cuttingcapacity. On the otherhand,emerywheelsproducea
high finish.
Carbide

of Silicon Abrasives.-These

are prepared in electric
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furnaces from coke and sand.

These abrasives include carborundum,

crystolon,
carbolite,corbolon,
carbowalt,andcorex.

Aluminous Abrasives.-These are preparedin electricarc furnaces
from bauxite,a clay that containsa high percentageof aluminium oxide.
It is a soft light-yellow earth, and is the purest form of aluminium oxide
found. Only in the electricfurnacecanthe nearlypurealundumbeseparated
from the foreign matterspresentin the earth. The abrasivesobtainedin
this way are: alundum, alowalt, aloxite,
borocarbone, carbo-alumina,
oxaluma, and rex.

corowalt,

Applications. - Although several
of these abrasives are employed for
similar purposes, yet some are more
suited

to

certain

duties

than

others.

Broadly, the wheels used for materials
of low tensile strength, such as cast
iron, brass, and aluminium, are not em-

ployed for the steels which have high
tensile strength. In general a carbide
of silicon abrasive is used for the first,
and an aluminium
oxide abrasive for
the second.
Grain
or Grit. - The
number

that designates the grain signifies the
number

of meshes to the linear

inch in

the grating forming the bottom of a
sieve, through which the grains will pass.

The numbersin commonuserangefrom

SECTIONAL
ELEV. THRO

AXISOF

about 20 to 60. Usually all the grains
in a wheel are of the same size, but
" combination " wheels are used, with

the object of enablingthem to cut fast
and finish smoothly, and so avoid a

ROTATION finishgrindingwith a second
wheel.
Fig. 30.-Edge Grinding Wheelwith Bevelled

Safety
Flanges

Grade or Bond.-The efficiency
of a grinding wheel for a definite duty

depends on what kind of material is
employed to cement the grains together. Wheels are " hard" when the

grains are not easily dislodgedfrom their matrix, "soft" when they are
readily torn out. But the size of the grains has a modifying influence,
since a wheel with the same bond is harder if the grains are fine than if

they are coarse. Generallya harderwheel will be usedon soft steelthan
on the same steel if hardened. The harder the material is, the softer the

wheelshouldbe. The reasonis that a hard materialwill blunt the grains
morequickly than a soft one, and thereforethey should be torn out more
rapidly to allow fresh grainsto comeinto action. An exceptionoccursin
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the brasses,
which requirea soft wheel in order to preventcloggingor
glazing of the wheel with particles of metal.
Bonds.-The three bonds commonly employedin the order of their
importance are: the vitrified, the silicate, and the elastic.

The first is

composedof clays, properly a pure grade of kaolin. The wheels are
mouldedand subjectedto a prolongedheat to partially fusethe bond. The
wheels are of a reddish-browncolour, are very porous and free-cutting,
and are not affected by water, oils,
or temperature, and the bond is hard.

SECTIONALELEV. THRO.
AXJS Of ROTATION.
Fig. 31. - Edge Wheel mounted permanently on Flanges for accurate Replacement and Wheel-changing on Mandrel

Fig. 32.-Cup

Wheel Mounting,
Ring

with Safety

But the risks of crackingdo not permit of making thesewheelsbeyondabout
30 in. diameter. These are suitablefor generalgrinding. For the silicate
bond the silicate of soda is chiefly used. The process is less prolonged than
that for vitrified wheels, and larger sizes can be manufactured. These are

not usedmuch for cylindrical grinding; their function is that of wet grinding
of tools. The elastic wheels are mostly bonded with shellac. Vulcanite
wheels are bonded with vulcanized rubber. Both can be made very thin,
and

be run

in water.

Vulcanite

wheels

can be

used

with

oil

or caustic

soda; elastic wheelscannot. These are made thin for cutting off materials,
for grinding saws, and sharpening cutters.
Wheel Shapes and Mountings.-Fig

30 shows an edge wheel, used

for cylindrical grinding, with one method of mounting. The flanges are
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dishedto suit the sectionof the wheel,and they only bearagainstit with
annular searings,which do not tend to crush the wheel, and, if it should

fracture,thepiecesareprevented
from flyingoff. Wheelsof parallelthickness
are also gripped with annularcontact. Another essentialis that the wheels

fit looselyon their arborsandtight onlyin the flanges,
to avoidriskof their
being burst. Fig. 31 illustrates a wheel gripped with washersof leather,
rubber, or cardboard. But the principal featureis that the wheelis mounted

permanently
with a screwed
flange,to be removedfrom andreplaced
bodily
on the taperedendof its arbor,whereit is heldwith a circularnut. Fig. 32
showsa face wheel. The mountingincludesan encirclingsafetyring,
which is set back as the wheel wears. In the Blanchardwheel, used on

the firm's vertical-spindle
machines,
the principalfeatureis the provision
of holesin the flangeto direct waterto the faceof the wheel.

CHAPTER

III

The Essentialsof Economical Machining
DIVISION

Lubrication.-The

I

efficiency of cutting-tools depends on the lubri-

cationand the coolingof the tool point, and of the surfaceof the work being
cut.

Cast iron and brass are usually excepted. Formerly the chief attention

was directed to the cooling of the tool; now the view-point is changed,
consequenton the increasedseverity of cutting, with the more rapid
generationof heat. Insteadof the drip-can, the cooling liquid is delivered
in a stream, frequently under pressure,and directed with pipe nozzlesor
spreadersall over the surfacesbeing cut.
Cooling

Fluids.-With

these changed views the practice has undergone

greatchanges.Speciallubricantsarenowusedfor certainclasses
of heavy,
medium, and light work. As of old the best all-round lubricant is lard
oil, but the high cost of it handicapsits generaluse. The best substitutes contain a mineral oil with a certain quantity of lard, and are termed

" mineral lard oils ". The proportions of lard are varied for different
kinds of work. Sodaor potash mixed with a mineral lard oil forms soap.
The soapholds the oil in suspension,and preventsit from floating on the
surface.

Distribution

and Recovery*-Instead of the drip-can a system of

supplypipesis laid downin modernshops,andeachmachineis provided
with its own particular equipmentfor distribution through jets or nozzles,
with means for the collection and return of the liquid.

In some casesa

gravitysupplyis installed, A feedtankis placedin theroof,andthemachines
drain to a sump below the floor. More often now the coolingfluid is
deliveredby meansof a pump. In a few shopsdifferent groupsof
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machines are provided with special supplies of cooling fluid particularly
suited

to the kind

of work

done in them.

The floods of lubricant supplied are mostly recovered. For the collection

of liquids at the machines,tanksor trays are now fitted. In thesethe lubricant is drained through a grating, leaving the chips and dirt behind. At

DETAIL OF OIL FILTER

ARRANGEMENT

I

B

H
;i^
H
\\S\VO\\

Details of Filter for Lubricaring

i

\
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i4ift IJ~"""i
| """TJ

Oil

j-CLEAN
OILTOMACHINES

La

;Zv* DRAINFROMMACHINES

SUPPLY LINE
"PLUG
DRAIN LINE
DRAIN LINE FLUSHING ARRANGEMENT

Fig. 34.-Enlarged Details of Oil Piping System

intervals the liquid is drawn off to be treated in centrifugalmachines,or in
filters. Fig. 33 is an illustration of the arrangementof oil piping and a
filtering systemin the AmericanTool Works,as laid downby the RichardsonPhenix Company,of Milwaukee,Wis., U.S.A. The full lines showthe supply

pipes for cleanoil; the dotted lines,the return drain pipes. The first,
startingfrom the centrifugalpumps,A, diminishfrom z|-in. boreto f-in.
bore at their terminations.

The drain pipes increasefrom i-in. to 3-in. bore

wherethey terminateat the filter B, which is shownin detailin fig. 34.
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The drain line flushingarrangement
is shownat c, fig. 34, the object
of whichis to preventsedimentfrom accumulating
and impedingthe free
movement
of the liquid. The oil is sterilizedin thevesselD beforebeing

filtered.Themachines
arelettered
asfollows:fig.33,Eindicates
flat urret
lathesof varioussizes;F,lathes;Gis a centring-machine;
H,onefor testing;
J, onefor cuttingoff stock;K,aJones& Lamsonlathe;L,variousautomatics;
M, is a stock rack.
DIVISION

II

Speedsand Feeds.-The speedof a cutting-tool,relativelyto that
of thepieceof work onwhichit operates,
irrespective
of whetherthetool or
the work moves,is expressed
by the numberof linear or peripheralfeet
passed
throughper minuteby the tool or thework. The feedin turning
and planing is the lateral distancetraversedbetweeneachcut; in drills and

face-millingcuttersit is thedepthof penetration
estimated
in someminute
fractionalpart of an inchper revolutionof thetool; in edge-milling
cutters

j
j

it is statedusually as the linear distancetravelledby the work under the

>

cutterperminute;in grinding
wheels
it is thedepthof cutgivenbyeach

!

standardtool anglesfor differentmaterials.But they aremorehonoured

;|

setting-in of the wheel.
There are standardspeedsmemorizedin the shops,just as there are

I

in the breach than in the observance, and are exceeded in favourable con-

,

ditions. There are no commonly recognizedfeeds. But, with the increasing
stiffness of machine-tools and with improved lubrication and suitable tool

'

angles,feedsare generallyvery much coarserthan of old, notably in highspeed turning, in drilling, and in milling.
Relations of Speeds and Feeds.-There

is no hard-and-fast rule as

to whether high speedsand fine feeds,or low speedsand coarsefeedsare
preferable. In drills, for instance, it is more economical to increase speed

than feed. In edge-milling cutters the best results are securedby low
speedwith coarsefeed. In turning and planing, high speedsand coarse
feedsmay go on simultaneously.The old speedsfor carbon tools were:
cast iron, from 15 to 20 ft. per minute; steels,from 15 to 30 ft,; wrought
iron, from 25 to 40 ft.; and brassfrom 50 to 100 ft. These are now

generallyexceeded,
exceptin the harderqualities,andtoolsof high-speed
steelwill cut at doubletheserates. But anygeneralstatementscan only be

approximate,
sinceresultsare controlledby manyvariables,astool angles,
depthsof cut, rateof feed,gradeof material,therigidityof themachine,and
the volume of lubrication-often the largestfactor of all. Becauseof these

facts,no ratiosof speeds
andfeedscouldbe tabulatedthat wouldbe of any
general value.

Depth of Cut.-This mayrangefrom o-ooi in. in grindingwheelsto

i in. in cuttingtools. An increase
in depthof cutinvolves
a reductionin
cuttingspeedandfeed,because
the capacity
of a toolis measured
by the
areaof cut plusthefeed. Heavycutsat slowspeeds
aremoreeconomical
than light cuts at high speeds.But the horse-power
requiredis greater,
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which explains why machine-toolsat the present time take much more
power to drive than their immediate predecessorsdid. The weight of
material removedin a given time is the real test of the cutting capacityof
a tool. The enduranceof a tool is the true measureof its efficiency,since
one that hasto be regroundat short intervals is not economical. A singleedged tool should endure for at least an hour, while milling-cutters and
those set up in boxes for turret-lathe work should last for a day or more.
The longer the time occupiedin regrinding and in resetting,the stronger
is the reasonfor maintainingthe enduranceof the edges.
DIVISION

Setting

and

Securing

III

Work.-Broadly

there are two methods

employed for holding articles to be tooled. In one the piece is gripped
either directly on the work table of the machine or in a chuck, or on an
arbor, with the help of appliancesthat are in common use for a multitude of
various jobs. Here in general the

piecesaresetand held singly even
though many are identical in shape
and

cftossSECTION
Fig.35--Clamping
Plates
setDiagonally

dimensions.

In

the

other

method they are not attached
direetly to the table or other workholding element, but to an intermediate appliance, the fixture, or
tO special adaptations of chucks Or
arbors.

The

first

is

the

older

practice, necessarilyretained for all classesof work that are not highly
repetitive. The second is the later method, essentialto and inseparable
from mass production, and an interchangeablesystem.
Work held on Tables.-This

chiefly concerns the planer, shaper, and

slotter groups, and the drills, boring machines, and allied forms. The
feature common to all is the level table, provided with grooves of tee-section
to receive the bolt heads for clamping work. The grooves are also used to

hold stops,angleplates,veeblocks,and so on.
The surfaceof the table provides the accuratedatum for ensuringthat
the clampedwork will occupyits correctrelation to the cutting-tool. Hence
the first careis to get the work to bed truly on the table. When practicable
it is well to take a rough cut off one surfaceof the work in order to secure
contact. If this cannot be done, then a rough surface must be packed care-

fully with wedgeswhereit is out of contactwith thetable,or theclamping
boltswill pull andspringthework,andit will not betruewhenthemachining
is doneand the pressureof the boltsreleased.Thoughthe effectis more
pronounced
in thin pieces,
it is presentin all exceptthemostmassive
chunks.
Hence,a saferule is neverto tighten a bolt exceptin oppositionto a machined
surface,or, with a rough surface,neara packing.
Thin, and Substantial Articles.-When dealing with very flimsy
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pieces,it is not permissible to clamp directly on their upper surfaces.
Lateral pressureis adoptedin such cases,and also for those where the
upper surfaceshave to be machinedall over. The clampsare better if set
diagonally (fig. 35) to exercise a downward pressure.
Often it is necessary to
set a stop against one end
of

the work

in

the

line

of

direction of the cutting-tool
in order to prevent the occurrence of slip by reason of
the pressure in the longitudinal

direction.

For

hold-

ing substantial pieces, direct
clamping is adopted. But,
since tall bolts are apt to be
unstable

under

the stress of

heavy cutting, advantage is
taken of the presence of
suitable

lower

sections

on

which to bed the clamps.
These may be stout flanges,

Fig.36.-Large
VeeBlockandVee'd
Clamp

bosses,bores, or recessedportions, to be utilized by the judgment of the
machinist.

Cylindrical
and Bored Work.-This
is located and held in vee
blocks, which ensure parallelism of the work with the table. Parallel shifts
Work

Sectional Elev

S, Throw-offSprings
G, Grub Screwsfor Adjustment of Clamps

Fig. 37.-Vee Blocks for Two Shafts, Clamp Plates adjusted with Grub-screws and thrown off with Springs

and tubular portions of castingswhen located in vees of equal heights will
lie parallel with the table. If shafts are put through holes, and laid in
vees, the holes will be parallel. The clamps are variously set, according
to outlines, dimensions,and the avoidanceof portions to be machined.
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In mostcasesthe clampsarevee'din the grip (fig. 36),to ensurea better
holdandto shortenthelengthof theupstanding
bolts.
In fig. 37 a veeblockis madespeciallyto hold two shafts,to be keygrooved. The outer clamp plates are made to grip the shafts by the
tightening of their grub-screws. A useful provision is included, that of

theinsertionof coiledspringssurroundingthebolts,whichthrowtheclamps
clear when the grip is slackened.
Clamping

Plates and Packing.-

In generalthese are distinct and separate, the packing being of wood or metal,

cut or selectedto suit the height of the
clampplates,the latter beingkept strictly
Fig.38.-U- or Hair-pinClamp

horizontal.

But as work becomes more

repetitive the packing is included with
the plate to avoid the loss of time involved in handling loose pieces.
Clamps have the form of plates, with slotted holes for bolts, or they are
of U shape(fig. 38), which affords a larger range of longitudinal adjustment. They are single, or double, the latter to grip adjacentpieces,in
which case packing is not required (fig. 37). In this figure the grubscrews fulfil the function of packing. Small screw jacks often serve as
adjustable packing. Another group comprises stepped blocks (fig. 39)
to give a rangeof heights.
^sg*
Intermediate

n/

STEPPEDT
PACKING 1

C l-l "

-L

\

Attach

-

ments.-Many
articles
have
to
be fastened to an angle plate

1 instead
ofdirectly
on
the
table.
This occurs when a piece must
have faces machined at right

Fig.39.-Stepped
Packing

angles,and when the shapeis
such

that

it cannot

be held

on

the table without involving awkwardpacking-up. Facesthat occur at other
than right angles are dealt with on tilting or swivelling angle plates.
Articles

of another kind have to be held on machine centres, carried on

a machinetable. These areusedwhen machininghasto be donein angular
relations, such as the machined splined grooves in shafts, and in the
drilling of holes from various angles. The work is carried on the centres
directly, or on an arbor, and the angular positions are set with pins in
holes, or latchesin recesses,or by meansof a circle divided into degrees.
The machinevice is admirablysuited for holding small articles. It is used
chiefly on the shaper,the milling, and drilling machines,and occurs in

manyforms,to holdparallelor bevelledpieces,to bemachined
in parallelor
angular relations.
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IV

Jigs and Fixtures.-A jig is an appliancethat guides and controls
the locationof a tool relativelyto the work. A fixture is onethat locatesand
secures the work being tooled. The one may be used without the other.

If both are employed,they may be entirely separateand distinct, or be combinedin onejig-fixture. Both areintimately associated
with the standardization and interchangeabilityof the parts of machinesand mechanisms. They
eliminatethe need for the tedious, separatelining-off and setting of single
pieces, and they lessenthe errors that occur in machining.

The Jig.-The

original of the present-dayjigs in their myriad forms

was the drilling templet. The majority of jigs are employed still in the
work of drilling and boring. In these the bushes are the vital elements,
because on their accuracy the correctness of results depends. They are

made of steel, hardenedand ground, and provision is madefor their ready
renewal when they become worn by the friction of drills, reamers, and
boring-tools.

The simplestbushesarethosewhich area pressfit in the jig. Theseare
only removed when worn out. A better and more accurate method is to
have a permanent lining bush to receive a removable one, the two being
fitted by grinding. It is well to make bushes with a collar, to prevent them

being pusheddown too far in their holes. The edgeof the borewherethe
drill enters is slightly convex. Bushes are sometimes screwed in where they
must come into contact with the work. Lockings are employed to prevent
bushes from turning. A set-screw or a button is fitted to a slot in the collar,
or flats are made on collars of adjacent bushes. A bush may contain two or

more holesin closeproximity. A simplebushis slightly longerthan its bore.
A small bush will be of greater length, relatively, than one of large diameter.

All dimensionsare usuallystandardizedin shopswherethe systemis a permanent one, and each size of bush has its own reference letter or figure.

Fixtures.-The employmentof fixtures is the only alternativeto the
practice of bolting articlesdirectly to the tables of machine-tools. This is
a tedious process in the case of those of awkward shapesthat require
packing,and have to be set by careful measurement. This often occupies
more time than the actual machining does, and distortion is liable to occur.

From the point of view of interchangeabilityit is hardly possibleto set two
piecespreciselyalike. The fixture is designedboth to locateand to hold
the article, or often several,in the sameexactposition, so that eacharticle
will be machined in the same way.

In good designsprovisions are made to lessenthe time occupiedin
setting and in holding to a minimum. Often, as a result of high economies,
it becomesnecessaryto duplicate fixtures. One is unloadedand reloaded
while

the other is on the machine-tool.

Jig-fixtures.-The
highest developments are reached when the
fixture and jig are combined. The jig is generally hinged in someway to
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Fig. 40. - Plunger for Sensitive Feed Lever
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Fig. 41.-Open Fixturefor holdingSix ©fthe Rods

the fixture,to be thrownbackduringthe removalandinsertionof work,or

it maybemerely
liftedofflikea cover.Hookboltsorswinging
clamp
plates

securethe two. The fixture maybe usedfor differentmachineson which
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differentkindsof operations
areperformed,
or thejig platesmaybe changed
for the operations
of drilling or milling. The fixturemaybe rigid, or it
may be made movableso as to presentdifferent facesof the work to the

FLANGEHOLE
J/GS
SIDE W£W (/)

PLAN

OF TOP

PLAN

OF BOTTOM

pjgt 42.-Fixture for holdingFeed-pumpCheckValve

tools. Stoppinsandlockingdevices
provide
for precise
settings
on oneor
on severalpiecesof workheldin tandem.

Example of an OpenFixture.-Fig. 40 illustrates
a plungerfor a
sensitive
feedlever,andfig.41anopenfixturefor holdingsixlevers
while
theirendsarebeingmilledto bevels.This is by Messrs.
James
Archdale

& Co.,Ltd.,Birmingham.
Thelevers
restin vees
atoneend,in whichthey

J
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are clampedin pairs, and lie parallel in recessesat the oppositeend, where
they are brought up against an abutmentpiece. The endsto be bevelled
project beyondthe vees,wherethey are milled with a cutter, divided,in order
to permit of readjustment

-T\

with packing as the edges
wear.

Example of a Box Jigfixture.-Figs.
42 and 43
give the principal elements
of a fixture by Messrs.
Ruston & Hornsby, Ltd., of

\

Lincoln, used in machining
the body of a check valve.
Its

SIDE
ELEVATION

BA
CK
EL
EI/A
71
ON

characteristic

feature

is

theprovisionmadefor drilling a large number of holes
at different angles. The

\

valve,
in the
fixture, isenclosed
located by
a flange
which

enters

the

shallow

recess in the bottom,

and

is securedby the jig cover.
Fig.43.-DrillingBush
setatAngles
ina Locating
Block

The inside of the cover is
recessedto receive a flange

on the opposite end of the valve body. The four bushedholes arranged
in a circle in the bottom and in the cover guide the drills for the bolt

holes in the flanges. Two other holes are drilled at anglesthrough the
bushesA and B, to permit of which the fixture has bevelledfeet at a and b.
During the vertical drilling, bevelled packing
piecesare inserted under
these edges. The round
hole

^. 44.-Hinged Coverfor a FixturecontainingFour Drilling

Bushes
atdifferent
Heights

c

receives

bushes

that interchange for drilling and tapping holes.
The oblong recessD receivesthe locating block,
shown detached (fig. 43),
that carries a drilling

bush at angles in two directions. The fixture is then stood at the required

angleson a bevelledsupport. The holesE andF receivebushesto guide
drills for holes in the body.

Fig. 44is thecoverof a fixturethroughwhichholesaredrilledat different
heightsin the bodyof a feedpump. It is hingedat the left, and clamped
at the right with an eye-boltin an openslot. Nuts are not run off their
bolts, only slackened.
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present systemof measurement

is preciseandpositive,andis effectedrapidly. The micrometerandvernier
toolsareusedfor takingprecisemeasurements,
and the fixed gauges
check
machineddimensionsto predeterminedlimits.

Micrometer Calipers.-In micrometricmeasurement
the pitch of
a fine screwthreadis subdividedby meansof graduations
on the periphery
of a diskwhich revolveswith it. In the Englishcaliper(fig.45) the screw
usually has 40 threads to
the inch, and the " thimble "
-the
rotating elementhas 25 divisions. Since a
movement

of

the

screw

through one revolution correspondswith a longitudinal
movement of -£& in., one
partial turn of the thimble

- 45--Micrometer

Caliper

through one division movesthe screwthrough irV of -£&in. = TUTTF
in- To
enable the exact longitudinal movement of the screw to be read, the
barrel or " sleeve"-the cylindrical body-is divided in a line parallelwith
the axis of the screwinto 40 parts, but only everyfourth divisionis stamped
i, 2, 3, See.,from zero,correspondingwith o-i in., 0-2in., 0-3 in., &c. Each
of thesesubdivisionsthus represents25 thousandthsof an inch. To read
the caliper, therefore, multiply the number of divisions visible on the scale

4567

iiifiiiliiiliiiUiildiiiliiilinliiiliiiliiiliiiW

Fig. 46.-Vernier

Caliper

on the barrel by 25, and add the number of divisions on the scaleof the
thimble reckoning from zero.

Vernier Calipers.-A

vernier is fitted to instrumentsmadefor making

the finest measurements. An inch is usually divided (fig. 46) into tenths,

and a vernier, of length equalto nine of the divisions, is divided againinto
ten parts. Each subdivisionon the vernier is thereforej-Jro-in. shorterthan
one division on the rule. When thousandths have to be read, each tenth
divisipn on the rule is subdivided into four, giving forty to the inch. Twenty-

four of theseparts are takenon the vernier and subdividedinto twenty-five
VOL. I.
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parts. Each subdivision on the vernier is thus shorter than those on the

rule by -ruW in. Hencethe rule: Note how manyinches,tenths, and parts
of tenths the zero point on the vernier has been moved from the zero on the
rule. Count upon the vernier the number of divisions, until one is found
which coincides with one on the rule. This division will correspond to the
number

of thousandths

to be added to the distance

read off on the rule.

Fixed Gauges.-Some fits in mechanisms must be tight and others
easy. Differences made in dimensions for the various kinds of fits are termed
" allowances". The very minute variations that are permissible are called
t£tolerances ". The term <climits " includes allowances and tolerances, and
gives the name to the " limit " gauges, which are generally guaranteed to be
correct within o-oooi in. Usually the hole is taken as the basis for measurement, and the allowance is made on the shaft, but this is not invariable.

For many years after the introduction of gauges,the Whitworth cylindrical
forms only were used-the " plug " and the " ring ". No attempt was
made at first to include limits. The plugs fitted their rings exactly on the

application of the merest film of oil with the finger. Tight and easyfits
were made by the exercise of judgment.
These have largely given place,
"
except for tapers, to the flat " snap
gauges, partly because these show a
dimension more finely than the others, and also becausethey can be used

on piecesthat are not cylindrical. In someforms there is a gauge,fixed by
two opposingjaws, at one end of the instrument that should passover the
"
work, and at the other a pair of jaws that must not. They are called " go
and " not-go " gauges. In large gauges the instruments are separate or
combined.

The Johansson

System.-In

this system, end measuring blocks of

rectangular shapes are employed. A set comprises eighty-one blocks
divided into four series. The first ranges from o-iooi to 0-1009 in. by
increments of o-oooi in., the second from o-ioi to 0-149 *n- ^7 °'Ooi in->

the third from 0-050to 0-950 in. by 0-05 in., the fourth measurei in.,
2 in., 3 in., and 4 in. The blocksin the first serieswill divideup the spaces
between those of the second series, and series three and four can be divided

by the first and secondseries. By meansof combinationsof the eighty-one
gauges,80,000different sizescan be obtained. These combinationsare of
muchvaluein providing a readymethodof checkingthe accuracyof a number
of fractional dimensions. They are used both for checking work directly,

and for testingother measuringinstruments,as calipers,limit gauges,measur-

ing rods,jig parts,&c. Variousholdersareprovided. Themostremarkable
featureof thesegaugesis that the blocks adhereto eachother by reasonof
the fine accuracyof their surfaces.
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IV

Work of the
Machines
DIVISION

The

OF THE

Lathes.

I
-These

in-

clude some forty to fifty groups,
eachhaving well-defined spheres
of operation. They range in size
from very small to mammoth
dimensions, while
chines

have

extreme ma-

little

in

common

except the fact that the work
revolves

between

centres

or

in

chucks. The prototype of most
of these is the standard, " self-

acting, sliding, surfacing, and
screw-cutting lathe "-the
round

machine-tool,

the

allecon-

omic value of which gets less
and lessas specialized manufacture

increases.

Short screws, and those of

which large quantities are required, are now manufactured
on turret
lathes, screwing
machines, and brass - finishers'

lathes. The longer screws and
stays are still made in screwcutting lathes.
The later lathes, fig. 47
being an example, nearly all
differ

from

the

earlier

in

the

provisions made for speed and

feedchanges.Steppedbelt cones
are now almost entirely super-

sededby all-gearedheads. When
cones are retained,

with

back

gears, speeds are arranged in
carefullychosenratios insteadof
in a haphazardway. All-geared
heads,being driven from a single

.5
T3
53
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pulley runningat a constantspeed,can he driven equallywell by a belt
drive from a countershaft or by a motor. Feeds are seldom taken now
from a M back-shaft ", but from a t4feed-shall '* in front of the lathe.

Anotherinnovation thehollowspindle allousstockliars to be passe
through from the rear of the headstoekto be-gripped in a chuck at the front.

It hascausedmanychanges,
in the designof spindlejournalsandhearings
which

are of value.

In all the common lathes a single tool is mostly used. This is so
severe a handicap on production that a large number of lathes have been

built for multiple-toolcutting. Someof' theseare automaticin operation. The distinguishing
featurent theseis tin* mountingof a batteryof

tools in the holder of the slide rest to cut simultaneouslyor in rapid succession. Thesearrangements
are used chiefly in the manufactureof articles
in which several different diameters occur, with shoulders and faces.
DIVISION

Turret

Lathes

and Screw

II

Machines.

The difference

between a

turret, and ;i capstanlathe is that in the former the tool holder is mounted
<m a saddle that slides alonjj the bed;

in the latter, the tool holder slides

along a saddlethat in fixed to the bed. The practical result is that the range
of movementof the turret is more extensivethan that of the capstan. The
first is also made in larger dimensions than the second. The difference

betweena screwmachineand a capstanlathe*in that the first is fully automatic

in action

hence often termed

an 4I automatic

$*

while the latter is not.

The movements of the first are caused by cams mounted on drums and on

disks. The movementsof tin* second arc produced generally by gears,
feed rods, &e. Tin* screwmat/him*rnuy or may not be equipped with a
turret. The work-holding spindle is most commonly single, but many
lathes now havefour, fivt\ or six spindles,each carrying its piece of work
which is brought round in turn to flic* tools.

Although manycommonlathesare fitted with turrets, the '* turret lathe"
i* a distinct type. It hasa hollow spimilc for bar work, and in many
lias a chuckfor fact*work, though the tendencynow 1*4
to allot thesefunctions
to distinct lathes. It h;i>ia cross-slide,with a tool post at front and at rear.
A chasingsaddlein frequently included for cutting -screwsof greaterlength
than can be clone"
convenientlyfrom the turret. The hexagonalturret, with
tools mountedon eachface,and with its rotationalmovementssynchronized
with thoseof the work* far outdistancesthe common lathe in speedof production. It is usualto schemethe operationsin such a way that a complete
cycle""""turning,
drilling, reaming,with rough and finishing cuts, tapping,&c.
"" can he finished on a
piece during one rotation. In the simpler
articles more than one piece can be tooled during one rotation.
Stops,-A featurecommonto all turret
is the fitting of stopsto

determinethe

and

of theworkbeingmachined.This avoids

tentative measurements.Originally a

fixed

was used. This is
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still retained in some instances,and is fixed at the rear of the turret. The

one stop servesfor every tool, so that eachtool has to be adjustedby it.
This is abandoned in the better class of lathe in favour of a separatestop
adjusted to each tool. For a six-sided turret, six stops are fitted. For

turrets that have cross-traverse
movements,similar stops are included to
determine diameters. The cross-slide again has its stops for the front and

back tool posts. Another kind of stop is included in the setting of the
turret tool itself. One determinesthe precise longitudinal position of
the bar thrust through the hollow spindle. Others, in box tools, set the

Fig. 48.-Automatic Turning Machine

lengthof a cut,or thethrow-out
of anopening
die,whileveeandroller
steadies
fix diameters. In the screwmachinesthe settingof the cams
determines
thelengthsandthediameters
of cuts.
Automatic Turning Machines.-It is a remarkable
fact,illustrative

ofthepresent
trendofmachine-shop
practice,
thatjustastheturretlathes
and automatics
havetakenmuchwork awayfrom,the commonlathes,so
theturretlathesandautomatics
in turnarebeinghardlyhit byothermachines

possessing
simpler
andmore
restricted
functions.
Thisislargely
duetothe

factthateconomical
production
requires
thedividingof certainclasses
of
workbetween
distinctmachines.
Generally
heaviercuttingcanbe done

anda larger
number
oftoolsbrought
intoaction.Asa result,
many
lathes
arenowfittedwith verysubstantial
restsfor holdingmultipletools. One

group,
represented
byseveral
designs,
istheautomatic
turning
lathe
(fig.48).
The functions
of this grouparerestricted,
but it out-distances
theturret
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lathe group in someclassesof work, owingto the simplicity of its functions,
the easeof setting-up, and its substantial build.
Illustrations
of Turret Work.-Some
examples of this kind, done

on lathes by Messrs.Alfred Herbert, Ltd., are given in succeedingfigures.
Fig. 49 shows the distribution caseof a rotary aero-enginebeing produced
on a combination turret lathe. The tool seen in operation is a counterbore,

the one swunground towardsthe front is a trepanningtool, which cuts a
recessof lo-in. bore, irV in. wide by 4 in. deep. These two tools are used

Fig. 49.-Distribution

Caseof a Rotary Aero-engine being turned on a Combination Turret Lathe

with feeds as coarseas 88 cuts per inch, and between them they remove over
100 Ib. of metal.

Fig. 50 illustrates the second operation on a propeller boss for an aeroengine. The work is held on a face plate form of fixture, and located
from the tapered bore with a spring tapered peg. The boss is turned with
an allowance for grinding, faced and counterbored, and the hole threaded
with a collapsing tap,
Fig. 51 shows the rough-turning of the fins of an air-cooled aero cylinder,

one of which is seenon the turret. The work is beingdone with a gangof
tools similar to parting-tools mounted in a special tool holder at the back
of the cross slide, all operating simultaneously. The piece is chucked

with an expandingarbor, and steadiedwith a revolving support carried
in

the

turret.
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Kc. 50.-Second
Operation
onPropeller
Boss

Fig.51.-Forming
theFins
ofanAero-engine
Cylinder
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Drilling Machines.-The practiceof drilling commonlyincludes
operationsallied to drilling, such as reaming,tapping,facing, arboring,
bossing; and the machinesrangefrom the sensitivehigh-speedgroupto

Fig. 52.-Heavy

Drilling

Machine
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the heavy multi-spindle designs,and embracethose specialmachinesthat
are built to deal with a single product exclusively. Though each group
retains its characteristic outlines, all the hidden details have been greatly

modified. Changesof equal momenthavebeen made in the treatmentof
the work done,and its mode of presentationto the machines,with which the

Fig.53.-Radial Drilling Machine,ElectricallyDriven,CentralThrust,with Universal
Tilting

Work-table
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problem of attendanceis linked. The practice of drilling single holesfrom
a single-spindlemachineis adoptedless frequently than it used to be, and,
instead,the practiceof multiple drilling is resortedto wherepossible. In the

Fig- 54--Three-way Horizontal Multi-spindle Machine

majorityof cases,
jigs or fixtures,or both in combination,
arenowemployed
in drilling and reamingoperations.
Selected Machines.-Fig. 52 illustrates a stiff drilling machine by
Baker Bros., Toledo, for boring motor cylinders. One motor firm has350
" Baker" machinesin its plant, manybeing arrangedin gangs. The machine

shownis electricallydriven, being started,stopped,and reversedwith a

pushbutton. In all the seriesthe speedranges
areeightin number,
and

feed rangestwelve,the numbersbeing suitedto the sizesof machines.
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Capacities
rangefrom J to 4! in. diameterin steel,andfrom 4 to 6 in.
diameterin castiron. A i-in drill canbe fed in steelat therateof 14! in.
per minute, a i-in. drill in cast iron at the rate of 24 in. per minute.
Fig. 53 shows one of the Asquith radial machines,electricallydriven,

havinga centralthrust to the spindle. The firm's universaltiltingtableis
a valuableadjunct,sinceit enables
eachsideof a pieceof work (except
that
in contactwith thetable)to bemachined
at asinglesetting. Thetablepivots
througha completecircleon trunnions,andcarriestwo independent
tables
on oppositefaces,eachof which can be given a rotary movementby hand.

Thesetableshavetee-grooves
for theattachment
of work. Drilling,reaming,
andfacingcanbe doneat differentangles.
At present,opinion is divided concerningthe best usesto which single-

spindlemachines
disposed
in gangs,or multi-spindlemachines,
maybeput.
Thespindlesare disposed
in gangs,or in clusters. Fig. 54showsa highly
specialized design to deal with work to be machined from three faces,without

resettingit. The machineshownis by the National AutomaticTool Company
of Richmond,Indiana. Many of the multi-spindletools havebeenevolved
for motor work, for drilling crankcases,cylinders,gearcases,
cylinderheads,
connectingrods, &c. They producea large number of holessimultaneously
instead of singly.

They also ream, counterbore, and face the holes.

DIVISION

IV

Boring Machines.-The
difference between a machine that drills and
one that bores is that the latter dealswith larger holes, which fact influences
the design and the operating mechanism. Though in very many machines

boringis includedwith drilling, only holesof small diametersand of moderate
lengths can be bored in these machines. Since thesemachinesare for
generalpurposes,tapping, facing, and often milling are included. Here a
large range of speedsand feeds is essential. A modern machineof this
classwill haveas manyas eighteenspindlespeeds,rangingfrom 7 or 8 r.p.m.
to 200 or 250 r.p.m., and saynine feeds,which, given in inchesper revolution of the spindle, range from 0-006in. or 0-007 in. to 0-115i*1-Per
revolution. If tapping and milling arenot included the rangeneednot be
so extensive.

An excellent example of a horizontal-spindledesign is the " PearnRichards " combined machine, the functions of which include drilling, boring,

tapping,surfacing,milling, and, with a suitableattachment,
screw-cutting.
Thirty-twovariationsin speedareprovided,
andeightratesof feed,applicable
to the longitudinal,transverse,
andverticalslidemovements.Theillustrationsarenearlyself-explanatory.Themachineis manufactured
by Messrs.
Frank Pearn & Co., Ltd., Manchester.

Fig. 55showsoneof the Crossley
gas-engine
bedsbeingboredandfaced

with tandem cutters in the bar. The bar is driven from the head and sup-

portedin thehingedbearing
onthestayattherighthand. Thesquare
table
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on whichthe bedis carriedcanbe rotatedona pin to presentdifferentfaces
to thework. It is alsodetachable.Fig. 56shows
thesamebedturnedround
90° to have the cylinder end faced and bored to receivethe liner. After
this, an edge-mill machines the water inlet and outlet and cam shaft
faces.

Vertical-spindle Machines.-These are the most populartypesat
presentfor dealingwith motor cylindersand thoseof the smallergasengines.
The spindles are massiveto enable them to withstand heavycuts in bores

Fig. 55'-Boring and facing Crank-shaft Bearings of Gas-engineBed
(Pearn-Richards

Horizontal

Combined Machine)

that range, say, from 4 to 6 in., and in lengths up to about 16 in. The
analogueof this classof spindleis that of the horizontalsnoutboring machine,
introduced originally to dealwith cylinders of small bores and having either
one or two spindles. This is being supplantedby the vertical design, to
which multi-spindles are more readily fitted, while the workman has a better
view of the operations, and the cuttings fall clear away at once instead of

choking the actionof the tools. It is alsoeasierto designand handlefixtures
for the vertical spindle machines than for the others.

With the rapid extensionof automobilework the vertical-spindlemachines
have been subject to many changes and improvements. Single-spindle
machines are ranged in gangs,three or four comprising a working unit.
The cylinder, held in a suitable fixture, is rough-boredunder one spindle,

Fig. 56.-FacingCylinderEnd of Gas-engine
Bed. Followedby boringandmilling seatings

(P.?*>}

222

THE

MACHINE-SHOP

finish-bored on the next, and reamedin a third, with possiblya finish reaming
to follow. The fixture retains the castingaccurately,and a jig locatesand
coercesthe boring bar.

When a castingincludesmore than one cylinder bore the samesystemis
adopted. But here the single-spindlemachineis at a disadvantage.Twin
and multi-cylinders, therefore, cast en bloc, are better dealt with in machines
having as many spindles as there are bores, all operating simultaneously.
The boring or reaming of two, four, or six cylinders occupies no more time

(P. 2331
Fig. 57.-Two

Distinct

Pieces of Work being tooled on one Machine

than that of one. Then, to avoidloss of time in changingof toolsand altering
speedsand feeds, work if held in a fixture can be transferred between adjacent
machines for rough- and finish-boring and reaming.
Boring and Turning Mills.-These
are strictly lathes in which the
axis of revolution of the work is vertical. They afford conveniencesrelating

chiefly to the chucking of work on a horizontal face plate and to the very
large diameters that can be dealt with thus. The advantagesare most
apparentwhen a number of separatepieceshave to be set up, and when a
piece of work requires loose packing, bolts, and clampsinstead of being
gripped in chuck jaws. And, when articles are not concentric,counterbalancing necessaryin the common lathe is not required in the vertical
machine. Another point in the vertical machines is that the work tables

are well supported,and provision is frequently includedwhen doing light
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turning for running them on the spindle only, and for massivework to
supportthem on an annularring nearlyas large as the diameterof the table.
Very many machineshave two work-holding tables. At the oppositeextreme, machinesof large dimensionswill take piecesfrom 30 to 40 ft. in
diameter. On all, a cross-slide,much like that of a planer, receivesthe
saddlesthat carry the tool slides. Frequentlya turret is mountedon a slide,
carryingabattery of tools. Boringandturning areperformedsimultaneously,
andturning maybedonefrom two tool-holderson oppositesidesof a diameter.
A photographof work being done on the machinesby Messrs.Webster&
Bennet,Ltd., of Coventry,will serveto indicate the utilities of the boring
and turning mills equippedwith turrets. In fig. 57 two distinct castings
arebeingtooled on one machine,bored,turned, and faced,in chargeof one
attendant. Loose chuck jaws hold the work in each case.

DIVISION

Milling

Machines.-These

V

are all derived from the Lincoln millers,

to which they bear no resemblancebeyond the fact that they all employ
rotating cutting-tools with many teeth.
The Lincoln Machine.-This
is used for plain horizontal and face

Fig. 58.-Slab Milling on a Plain High-power Cincinnati Machine. Material Steel,width cf cut 5 in.,
depth i in., feed 19 in. per minute.

Material

removed 24 c. in. per minute.
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milling. Generallythe bed is of the lathe type, and receivesthe saddleon
which the work-holding table has a cross-traversemovement. In some cases
the bed resemblesthat of a planing machine, along which the work table
traverses,this giving a longer range of feed than the other. As the table

cannotbe elevated,verticalmovementsare impartedto the spindle,which
slides in its bearingsin or on the facesof housings fixed at the left-hand end

Fig. 59.-Vertical-spindle

Machine

of the bed. An arborsupportis providedin a tail blockat the right hand,
adjustablealong the bed.

The Pillar and Knee Machine.-Also frequentlytermeda horizontal
spindlemachine,this hasa hollow columnthat carriesa headstockon top,
and a knee on one face, which receives the work table and its slides.

All

vertical adjustmentsare imparted to the knee. Machines are plain or
universal,the first beingrestrictedto rectangularmovementsonly, that of
the tablealongits saddle,that of the tablealone,longitudinally,and that of
the kneevertically. The secondincludesin addition a spiral head,an index
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plate,a sector,
change
gears,
anda swiveltable. Bythese
additions
a rotary
movement
canbegivento theworkwhilethetableis beingfedat anyangle.
Any gear-cutting,speciallythat of spirals,and the teeth of cutters, can be

producedthus. Thesemachinesare markedby increasedstrengthand
stiffness
oflateyears,andspeeds
andfeedsareverycommonly
beingimparted
through boxes of gears. In Fig. 58 will be found an illustration of a
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powerful Cincinnati " manufacturing" machine. The rigidity affordedby
the overhangingarm alonesteadiesthe cutter sufficientlywithout using the
front

brace.

Vertical-spindle
Machines.-These
(fig. 59) in their broad outlines
suggestthe common drilling machines. They have a column, arched above
to carry the vertical spindle, which receives edge or face cutters in its nose,
and is frequently belt-driven. A knee adjustable vertically carries the
work

table

and slides.

Numerous

variations

occur

in the

details

of these

machines, one of the most valuable being that of adaptation to profiling.
Piano-millers

or Slabbing

Machines.-These

were the latest to

be developed,but they are being employedincreasingly. They are built
on the planer model, with a long bed and work table, flankedby vertical
housings,carrying an adjustablecross-rail,with spindleheads. They often
successfullyrival the planers,sincea single cut is taken over a wide face
during the table travel,insteadof requiringa largenumber of reciprocating
movements.

Their utilities are enhanced by the fitting

of horizontal

spindles on one or both sides in addition to those on the cross-slide,
sometimesalso provided with angularsettings,while some machineshave
circular tables on the one that reciprocates. The sphereof thesemachines
lies chiefly in massivework, much of which is arrangedin tandem,frequently with the help of fixtures. Edge and face milling are both done,
and a large proportion of gang milling.

Continuous Milling.-This,
the last developmentin this kind of
machining,includesthat doneon piano-millers,but it is generallyunderstood
to refer to that performedon the rotary tablesof vertical-spindlemachines,
and is nearlyinvariablyassociated
with the employmentof fixtures. Fig. 60
illustrates a Becker machine machining the inside faces of yoke pieces, em-

ploying two y-in. insertedtooth cutters. Thirty-six piecesare held in the
fixture, and the productionis 160piecesper hour. Connecting-rodendsare
milled on their faces, with pairs of inserted tooth cutters, on a double-spindle

machine. They are setdiagonallyin placein the fixture to lessenthe space
left for " cutting wind ".
DIVISION

VI

Reciprocating Machine-tools.-These include the following tools:
(i) The standardplaning machinewith bed, work-holdingtable, housings,
and cross-rail, and tool-boxes; the derived machines are: the open-side

planers,pit planers,well planers,portablemachines,and key groovingand
broaching machines. (2) The shaping machines having single or double

rams,andtool-heads. The portableshapersare a small group. Gear-tooth
planersare shapingmachinesof short stroke. (3) The slotting machines,in
which the tools reciprocatevertically,one or two tools being carried in the
ram. The tables are simple, with rectilinear movements,or compound,
to include a circular motion for circular slotting.

Widely though these machinesdiffer, they are properly grouped as
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reciprocatingbecausethe cutting only occurs on one stroke. The return

strokesimplybringsthe work or thetool backto its originalstarting-point
in readiness
for anothertrip.

The commonplaneris a machinefor generalpurposes.It takesany
work within its capacity. The functions of the shaperand the slotter are

extremely
limited,sincethey only dealwith smallsurfaces.The portable
machinesare employedto perform their functions on massivearticlesin

situor on floor plateson work that cannotbe seton machines.The keygroovingand the broachingmachinesare specializeddesignsthat cut narrow

Fig. 61.-Motor-driven

Planer

slots in boresand elsewhere. In someof their functionsthey resemblethe
slottingmachines,but they dealwith lengths impossibleon the slotter, and
produce sections at one stroke that could only be done much more slowly
on this machine.

The principal improvementsin the later planershavebeenthe following:
(i) An increasein cutting speeds,and provision for effectingseveralchanges
in rates suitable for different metals and alloys. (2) A rapid rate of return.

(3) The cushioningof the reversalwith springsto absorband giveout power
on the return stroke. (4) The employmentof a light aluminium alloy for
the driving pulleys to lessenthe inertia at reverse. (5) Driving at high
speedswith narrow belts, using separatefast and loosepulleysfor driving
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and reverse,and pulleys of different sizesfor the two functions, insteadof
trains of gears. (6) Employinga large " bull wheel" for driving the table
rack insteadof a smallpinion. (7) A vast extensionof electricdriving, with
a correspondingmultiplication of speeds,reverses,and feeds effectedby
switches. In consequence
of theseimprovements,modernplaning-machines
hold their own in faceof the keenrivalry of the piano-millingmachinesthat
operateon the sameclasses
of work.
An exampleof a motor-drivenplaner is given in fig. 61. Taking 84 in.
by 84 in., a 45-h.p.motoris required. It is oneof a seriesby the Cincinnati
PlanerCompanyof Cincinnati,Ohio, U.S.A. It is termed a " rapid power
traverse machine", because each tool-head is moved rapidly from one

position to anotherwith power, derived from the motor mounted on the
arch, instead of slowly by hand. Power is transmitted down through a
splinedshaftto a gearbox at the side,providedwith lever handles. Forced
lubrication is suppliedto the table vees. The table is boxed, and open at
the sidesso that dirt and chips can be drawn out.
DIVISION

VII

Gear-cutting Machines.-Broadly
all these fall under one of two
groups. In the first the teeth are shaped directly or indirectly from a
pre-existing form: directly, when the cutter has the section of the tooth
space; indirectly, when a reciprocating planer arm carries a single-edged

tool, controlledin its lateralmovementsby the edgeof a former having the
desired tooth curves to an enlarged scale. This method is suitable for all

teeth, whetherwith single curves(involutes),or double curves (cycloids),
and spursor bevels. But, sincethe degreeof accuracyobtained depends
on the accuracy of the form, it is open to error. Though this may not be
wholly eliminated, the gearsso made are good enough for most commercial
manufacturers. But they do not meet the very exacting demands of the
high-speed gearsused in automobiles and the best machine-tools.
In the secondgroup the teeth are generatedfrom the basis of the involute
rack-tooth with straight sloping sides. A cutter having the section of a

rack-toothis usedfor generation,or oneflank only of a rack-tooth,or several
completerack-teethcombinedin onecutter, or, a pinion-like cutter, is generated from a rack basis, or a hob-a worm, with teeth of rack section, is

fluted in milling-cutter fashion. In somemachinesthe rack-tooth is not
embodiedin the cutter at all, but in the mechanismof the machineitself by
means of " roll cones " in one design, and
movements of slotted links.

Pressure Angles.-In

in another by certain controlled

order that all generatedinvolute teeth shall

mesh together, the pressure angle must be the same for all. This corresponds with the diagonalpath of contact of the teeth to which the sides of

the rack-teethon the pitch points are normal. This is 14^°in the B. & S.
system,the one until recently almost universally adopted. Its disadvantage is that small pinions are much undercut below the base line, to
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oid which the rack-teethin this system are slightly rounded, and the
:ms of the cutters for pinions below thirty teeth have two curves instead

one. Undercut can also be preventedby increasingthe length of the
dendumof small pinions. But other views now obtain, chieflyin conseenceof the growth of generatingmethods,of the increasingemployment
the short " stub " teeth, and the desirefor the closestapproximationto
ithematicalaccuracy. Pressureanglesare now increasedto 18°,20°,and
sn 25°. Gears can thus be produced without undercut down to twelve
:th.

Machines using Form Cutters.-The type of these using rotary
ttersis the Brown & Sharpe. One group is usedfor spursonly, another
:ludesthe cutting of bevel gears. Later machinesinclude provisionsfor
iltiple cutting. Form planing of spur and bevel gearsis represented
by
i Gleasonmachines. Theseare madeto be pitched by hand or automatiiy-

Machines for Shaping Gear Teeth.-The " Bilgram " was the
ginalmachine. It is now made for shapingspur as well as bevelteeth.
is, andthe Robey-Smith,employsplaning tools, the movementsof which
: controlledby links. The Fellows machine cuts spurs, internal gears,
i helical teeth. It employsa pinion-like cutter. The Sykesmachine
ploys two cutters, which operate simultaneously. They producespur
i helical teeth. The Gleason planer shapesthe teeth by meansof a yoke,

the insideof which a segmentis bolted which has the sameangleas that
the gear to be cut. The Sunderlandmachine cuts spurs and spirals,
ng a reciprocating cutter containing six rack-teeth. The machinesthat
.peby meansof hobs, cut spur, spiral, and worm-teeth.
DIVISION

VIII

Grinding Machines.-Grinding
has invaded the old territory of
ning, boring, and facing. The lathe is now often a mere satellite-a
ghing, a first-operation machine, playing second fiddle to the grinder.

:ut is takenwith a coarsefeed that leavesmarked spiral ridgeson the
face of the work. Then the grinder performs the second operation,
nely, that of fine-finishing to precise limits. The lathe reduces with
ater economy than the grinding wheel, but the latter imparts a finish in
lere fraction of the time that would be occupied by the turner in producing
preciseresults. When machining allowances are slight, the grinder takes
rge of the entire work. It is not necessaryto pickle, as it is when milling
ters have to remove small amounts. The grinding wheel can operate

b.allowances
of iV in. or less,which would give trouble to the latheman
) hasto get under the skin.

Cylindrical Grinding.-This

representsby far the largestvolumeof

"k done. The common method, to which there are exceptions, is to
ite the wheel and the work, and to traverse the wheel. The object of

traverseis to get the maximum amountof duty from the wheel,and to
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retain its truth as long aspossible. To usea traversefeed only slightly less
than the width of the wheel is more economical than to employ a feed that
bears a small proportion to the width of the wheel. The peripheral speed
of wheels is usually about 5000 ft. per minute, that of the work from 20
to 25 ft. The wheel speed is constant, that of the work is changed when
desirable for making differences between roughing and finishing. Chatter
and vibration are prevented by the employment of a large number of back
steadies.

Surface Grinding.-This

has been largely favouredby the employ-

ment of the magnetic chucks. These hold flimsy and awkwardly shaped
pieces, which would give vast trouble if clamped on work tables. Reinforcements in the shape of stops and rings are necessaryto prevent side-slip. A
large number of small pieces can be held and operated on thus. Fixtures
are also largely employed. The machines are built in two types, one in
which the work table has linear movements, the other with rotary motions.

Machinesfor grinding cylinders,for form grinding, and thosefor tools
and cutters include a large number of designs. The machines for grinding
the cylinders of automobiles and gas-engineshave developed with startling
rapidity. The spindles have a planet or eccentric motion, so that while they
are revolved at high speeds they are rotated slowly in a circular pathway,
the diameter of which is increased to impart the feed. The work is carried

on a tablethat can be adjustedtransverselyto bring boresin alignmentwith
the wheel. The work table is fed towardsthe wheelwith changesof travel
for roughing and finishing cuts. Wet grinding is provided for by a pump
and tank and pipe.
Continuous Grinding.-This
relates to the treatment of numbers of

small piecesarrangedin tandem,or in a circle,to be ground with facewheels.
Much of this work is done on magnetic chucks or in fixtures. The more
awkwardly shaped and the smaller the pieces are, the greater are the econo-

mies of continuousgrinding. Often the choicelies between this method
and that of milling doneon lineally or circularlymovingtables.

CHAPTER

V

The Shops
DIVISION

I

Organization.-This must be basedon a rigid costsystem,from which
the price of work in all its stagescan be ascertained,and leakagesdetected
from day to day. The old methodof addingmen's time in the aggregate
and lumping contingentexpenses
and profits on that is no longer followed
in competitive firms.
In order to fix costs at all stagesa routine system is essential. For this

Fig. 62.-The Heavy-turning Shop

Fig. 63.-Spur

Gear-cutting

Department

THE

SHOPS

27oo

anintimateknowledge
of thenatureandscope
of theoperations
performed
on hundreds
of machine-tools
is necessary.
This devolves
on the shop
manager,
and on the foremenwhohavechargeof the groupsof machines,
aslathes,automatics,
planers,gear-cutters,
millingmachines,
grinders,
and
so on. Each foreman must know the capacitiesand limitationsof eachof

the machines
in the groupof whichhe hascharge,andmustseethat they
are operatedto the fullest advantage. He will consultand discusswith the

shopmanager
respecting
thebestmethods
of machining
certainarticles.The
manager
will decidethe questionof economies
thatmayresultby thetransferenceof work from one group of machinesto another,as from lathesto

turretlathes,from planersto millingmachines,
fromlathesto grinders,
and
soon. Theforemenandmanager
jointly consider
thequestion
of thedesign
andemployment
of fixturesandjigs, andtherelationof theexpense
which
they bear to the product. Detailed drawingsare madein the officefrom
sketchessupplied.

Whenthemethods
of machining
havebeendetermined,
thedetailsareput
on a definitebasisby the foremanor therate-fixer. Sketches
areprepared,
or cardsare written, stating preciselythe natureand sequence
of the several
machiningoperationsinvolved,the toolsto beused,the speedsandfeeds,and

limits. Generally
it ispossible,
astheworkproceeds,
to effectslightspeedingup, which on a piece-workbasis,or a bonussystem,is to the advantage
of
the machinist. But it doesnot lie with the attendantto makechanges
in the
generalroutine previouslydetermined. That canonlybe doneby suggestion,
with the consent of the foreman, or manager.

This organizationincludesall details. The grindingof tools of all kinds
is done in the tool-room, and they are checkedout to the men, and returned
when they have become dulled with use. Gauges,jigs, and fixtures are treated
similarly, and they are corrected or renewed in the tool-room. In this

systemnothing is tabulated by name. Every item, howeverinsignificant,
hasa number, or a letter, insertedon the drawings,and is checkedout and
in by that.
The Tool-room.--This

is a necessarygrowth, consequent on turret

practice, and on the employmentof the multiple-edgedcuttersusedon
milling machines,gear-cutters,and elsewhere.The set-upof boxesof tools
for turret work entails elaborate constructions and delicate adjustments.

The grindingof cutterscan onlybe doneon universalmachines.Drills
aregroundon machines.The standardized
grindingof single-edged
cutting
tools is done on machines. Thesefunctionsare relegatedto the menin the
tool-room, who also construct the smaller jigs and fixtures. Hencethe

tool-roomis a machine-shop
in miniature,a microcosm
complete
in itself.
It containsa few machines
of everyclass,in whichuniversal
designs
arein
evidence,
sothat, havingcastings
andforgingsandbarssupplied,
thewhole
of the work of tool-making
in its widestsense
is performed
withinits precincts,andtools are ground,repaired,set-up,andkeptin workingorder,
readyfor usein the shop.

Fig. 64.-Department

for Milling

and Testing Worm Wheels
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II

of Shops.

i. Messrs.
DavidBrown
& Sons
(Huddfd.),
Ltd.,Lockwood,
Huddersfield.-

This is a largeworks,occupiedsolelyin the productionof gearwheels.
The extensive
shopsarelaid outon thegroundfloorexclusively,
andall are

arranged
in parallel. Theworksareself-contained,
including
pattern-shop,
foundry,smithy,andhardening-shop.Thereis a heavymachine-shop,
and

a heavy erecting-shop. The principal sectionaldepartmentsare: the raw

materialstores,
thetoolstores,
thecutting-off,
thelightfitting,andmilling,

automatic,
doublehelicalandbevelgear,spur,worm,andspiraldepartments.

Also heavy and light turning, planing, boring, drilling, capstanlathe, and

grindingdepartments,
thetool-roomandinspection.The baysrangefrom
120to 310ft. in length. Theyareservedwith overhead
electrictravelling
cranes. Skylightsin ridgeroofsgive amplelight, andarc lampsprovide
artificialillumination. The machines
areall drivenelectrically,
thesmaller
in groups,the larger with separate
motors.
Fig. 62 showsthe heavy-turningshop. Heavyboring and turning mills
are seen on the right, and a number of chucking lathes .on the left, served

with an overheadrunway andpulley blocks. Fig. 63 is a view takenin the
spur gear-cutting department.A catholicselectionof machinesis apparent,
They include the Gould & Eberhardt, the Brown & Sharpe, the Sunderland,
and the Fellows gear generators. Much of the work is of a massivenature,

requiring the serviceof the overheadtravellingcrane. Fig. 64 is the shop
in which worm and spiral gearsare milled and tested. The machinesused
were designed and built by the firm. The machinesfor grinding worms
after cutting and hardening are also made by Messrs. Brown. The heads

of the grinding wheelsare adjustableto suit the gearangles. In the general
grinding-shop, cylindrical and vertical spindlemachinesare installed,and
trays disposeddown the centrehold the work.
2. Messrs.A. Harper, Sons,& Bean, Ltd., Dudleyy Worcestershire.The works of this firm at Tipton are built for the constructionof automobiles,the various departmentsof which areillustratedby the photographs

following. Precisiontools are madeat Dudley,and drop forgingsand
pressingsat Smethwick. The foundry is at Tipton.

Fig. 65 is a view in the milling department.An Ingersollmachine
occupying
the centreof the shopis dealingwith a row of crankcases.It is

machining
thetimingcoverface,thecylinder
face,andtheendsofthefeet
simultaneously.
Two verticalmachines
on the left mill the sumpface,
andthemagneto,
starter,andlightingfaces
respectively.
In theforeground
at the right is seenthemillingof the verticalfacefor themagneto
cradle.
Thesemachinesarelaid out in line, arrangedfor eachoperationin sequence,

andthecomponent
partsarepassed
alongto themachines
ona rollertype
ofconveyor,
withball-bearings,
occupying
thecentre
of theshop.

Fig.66shows
alineofseven
multiple
spindle
" Natco
" (National
AutomaticToolCompany)
drilling-machines.
Thethird,fifth,andseventh-the

Fig.65.-Milling Departmentfor dealingwith CrankCases
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Fig. 66.-Crank Cases,in FixturescarriedalongTracks,beingDrilled and Tappedunder
" Natco " Multiple-spindle

Machines

foremost-arebeingusedfor tapping in all 44 holesin the crank case,
and the others drill betweenthem 72 holes. The methodusedfor locating
*the case is the truck fixture on trunnions, transported along the tracks.

The caseis loadedat the beginningof the track, and is unloadedafter passing
under all the machines. The trucks run on to turn-tables, and are returned

by wayof a similartrackat the rear. Two or morefixturesareused. As
eachoperation
is completed
the chipsareblownout by compressed
air.

Figs.67and68aretwo viewsof the methods
employed
in millingthe
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cylinder
faces
onanIngersoll
machine.
Fourspindles
areoperating
together
on two components at a time.

On the left side the crank case and manifold

faces
aremachined-these
twofaces
being
used
asregisters
formachining
thetopface,andtheinspection
coverfaces
ontheothersideof themachine.
Thefixturewill taketwelvecastings,
sothatit will beseenthatsixarecom-

pleted at eachsetting.
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Fig.69shows
anassembled
frame
in position
in a frame-drilling
jig.
Anyerrors
intheframe
aretaken
careofbythelocations
being
made^selfcentring
andcompensating.
TwoHammond
double-arm
drillingmachines

cover all the holes, the machinesbeing bolted on channelirons. Special
shanksareusedfor all the variousdrills to bring them to their correctlevels,

andthusavoidverticaladjustments
of the machines.The shanks
areused
in conjunction
with quick-acting
" Gronkvist" Swedish
drill chucks,
which
allowthe drills to be removed
withoutstoppingthemachine.Thedrilling
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jig consistsof two cast-irontrunnions,on which swingtwo indexing plates.
Channelirons which connecttheseplates carry all the bush plates, and
quick-actingclamps,the compensatingbeams,and locations. The constructionis suchthat the revolvingparts arelight, yet rigid, so that no deflection can occur during drilling. The whole jig can be revolved easily,
andindexedto allowfor drilling from four sides. Foottreadlesarearranged
in convenientpositionsfor startingand stoppingthe machines. The result
of theseeconomies
is that the 112holes in the frame are drilled in twenty
minutes.
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Fitting and Erectingof Heavy
Machinery
The assembly
anderectionof heavymachinery
of all typescallsfor
not onlythe skillandcarewhichthehandling
of largeplantrequires,
but,
to a verylargedegree,
for thejudgment
whichis partlyintuitiveandpartly
the result of wide and all-roundexperience.So many problemsarisein

the erectionof plant on site, as comparedwith its erection at the makers'

works,whereall the usualfacilitiesexist,that success
or failuredepends
verylargelyon the ability to sizeup a difficultycorrectly,andthendevise
waysandmeansof producingthe bestpossibleresults. It is not possible,
therefore,
in anarticleof thiskind,to givecomplete
directions
for theassembly
and erection of all kinds of heavyplant, as the conditionsto be met with

varysogreatly;theaimof thearticlewill beto dealwith thekindof problems
that ariseand the variousmeanstakento meetthem. It will probablybe
concededthat, if the problemswhich arisein the erectionof a large steamturbine electric generatingset and condensingplant be considered,the
ground will cover most of the problemsthat arisewhen handlinglesscomplicated plants. The article will deal,therefore,with a plant of this description, and somegeneralnotes will be added on the applicationof the
principlesto the erectionof specialplants.
Foundations.-These

are almost invariably made of concrete nowa-

days, though in certain casesbrick is used for cheapnessand wherethe
weightsto be supportedare not very heavyand are not subjectedto shock.
In general,it is advisableto makethe lowestpart of the foundationblock
in the form of a concrete float or raft on which the main foundation block

is built. The dimensionsof this concreteraft depend on the nature of
the subsoil; where this is soft or friable, the areaof the raft must be corre-

spondinglylargein orderto lessentheweight,per squarefooton theraft,

of the superimposed
machinery.Wherethe subsoilis particularly
soft,it
will probably
benecessary
to drivea largenumberof pilesfirst,roundthe
headsof which the concreteraft is built. It shouldbe the first duty of the

engineer
in charge
of erection
of machinery
to satisfyhimselfregarding
the
suitabilityof thefoundations
andthesubsoil.In general,
thefoundations

areprovided
bythecustomer
to thedrawings
ofthecontractors
whosupply
243
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and erect the machinery,but no contractorwill acceptresponsibilityfor the
foundationswhich are built to his drawings,as he cannotbe expectedto be
familiar with local conditions, or the peculiarities of the subsoil.
The datum line, or level from which all vertical dimensions are taken,
is usually the finished engine-room floor-level, and the foundation-block

height is carried up till, with an allownaceof i in. to a in. for packingplates

Fig. i.---2O,ooo-kw. Turbo-alternator in Course of Erection, showing bottom half of Turbine Cylinder
in position,

with Condenser and Valve Chest coupled up

under the bedplates,the top of the latter is at the required height with referenceto the datum level. In somecasesit is becomingthe practiceto build

shortpiecesof H-girdersinto the top of thefoundationblockto supportthe
bedplate;thesegirdersarespacedevery3 ft. or so,andarecarefullylevelled
so as to presenta smoothmetal surfaceon which to level up the bedplates.

Where provisionhas to be madein the foundationblock for foundation
bolts, it is advisableto make the holes big enoughto allow at least 2 in.
lateral movement of the bolt in every direction; this allowancewill take

careof any inaccuracies
betweenthe drawings
of thebedplateandthe actual

Fig.
a,-looo-kw.
Turbo-alternator
Set
partly
erected,
Generator
Rotor
being
lined
uptoTurbine
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casting,moreparticularly as regardsthe spacingof the holesfor the foundation bolts.

As it is the general practice to grout-in bedplates, care should

be takento seethat the top surfaceof the foundationblock is left rough,
so asto allow the grouting material to obtain a grip or bond with the founda-

tion. Where short H-girders are built in, as explained(p. 244.),the level of

Fig, 3.-i,

Concrete float. 2, Ground or basementlevel. 3, Foundation block. 4,Short steel girders

built in.
5, Surface of block left rough for grouting.
tf, Foundation bolt holes.

6, Air inlet to generator.

7, Space for condenser.

the concreteshould be left at least 2 in. below the top of the girders, in
order to allow the grouting materialto obtain a good grip of the girders.
Bedplates.-Before putting the bedplatesin positionfor carrying the
prime moverand generator,careshouldbe takento seethat anyheavyparts
of the plant, which are situatedunderneath,are put in position first, in
order to obviate trouble and difficulty later on. In the case of very large
steam condensers this is essential,but where the weights are not excessive,

Fig. 4.-i,

Condenser. 2, Feet of condenser. 3, Wood baulk not necessarilysecuredto condenserfeet. 4. Wood
baulk or steel girder for runway. 5, Steelrollers. 6, Cross batten to tie together supports(3).

and the dimensionsreasonable,
the condensermay be slid in under the
turbine, after the latter hasbeenerected,and then jackedup or lifted by the
crane, one end at a time, and packed up till in its final position. To do

this, it will probably be necessary
to build a suitablecradle,or support of
girdersor timber baulks,onwhichto restthe condenser
during this operation.
Let us assume,then, that the condenserand other heavy parts, e.g.
atmosphericexhaustvalveand pipes, &c., have beenplacedapproximately
in position. The turbine bedplateis then put on the foundations,prefer-
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ablyonsteel
packing
plates
atleasti in.thick,placed
underneath
theheavier
parts,soasto leavea gapbelowthe soleplates,
whichwill facilitatethe

insertion
anddrawing-out
ofwedges
orflatpacking
plates
used
inlevelling
up. Thebottom
portion
oftheturbine
cylinder
canthenbeplaced
inposition andlevelledup, both axiallyandtransversely.

It maybeaccepted
asa goodgeneral
rulethat,before
placing
together

twomachined
faces,
thefacesshouldbelightlyrubbedoverwitha smooth,
flat file, moreparticularlyall roundtheedgesof the machined
faces.This

notonlyensures
thatthefaces
areclean
andfreefromburrs(particularly
roundtheedges
ofdrilledholes),
butit alsoimmediately
shows
upanybulges
or bumpson the faces. Theseburrsareoftencaused
by thelinksof chain

slingspressing
intothemachined
faces,
whenchains
areusedfor liftingthe
castings. Insteadof putting downthe bedplatefirst, the bottomhalf-turbine
cylinder may be put directly on the bedplate,bolted down, and the whole

thenliftedin onepiece,
wherethecapacity
of theoverhead
crane
or lifting

tackleis largeenough. In the majorityof steam-turbine
plants,guideor

director keys are provided betweenthe bedplateand the cylinder,which

preventmovement
in a transverse
or lateraldirection,while allowingfree
movement in an axial or vertical direction.

This is done in order to allow

the cylinder to " breathe " or expandand contractwith varyingtemperature,

without upsettingthe alignmentof the set. It is important,therefore,to
see that these guide or director keys are not only properly fitted, but when

fitted are secured against the possibility of working out. The turbine
bottom half-cylinder and bedplate may now be levelled up; it is often found

when levellingup large castingsthat if the piecebe levelled,sayin a transversedirection, by meansof a level appliedto one sideof the casting,and
the level be then tried in the same direction on the other side of the casting,
it will be found to be out of level. This is nearly always due to the casting
having " sprung", dueto internalstrainsin the castingeasing
themselves,

moreparticularlywhenthe skin is brokenby machining.Anothercause
Is the manner in which the castinghas been bolted or crampeddown on

the boring-millor planer-table,
whenbeingmachined.If the castinghas
beensprungbeforemachining,
then,whentheboltsor crampsarereleased,

the casting
will springback,andtheresultwill bethatthemachined
faces
are not true. This difficultyis got overby placinga steelor stiff wood

straight-edge
rightacross
thebedplate
or cylinder,
andputtingthelevelon

thestraight-edge
andsetting
thecasting
orpiece
levelin thismanner.
The
levelling
up is done
byinserting
steelwedges,
preferably
3 in.wide,under
thesoleplate,
and,whenwedged
up,adjusting
theheightof theparallel

packing
pieces.
In thiswaya truesurface
is prepared
(represented
by
thetopofthepacking
pieces),
onwhich
thebedplate
maybemoved
laterally
without
upsetting
thelevelof thepiece.Thenextoperation
is to check
theheight
ofthecentre
oftheturbine
shaft
orspindle
above
theengine-room
floor-level;
if thecentre
istoolow,thenit willbenecessary
toincrease
the
height
of alltheparallel
packers
bytheamount
bywhich
thecentre
istoo
low. Conversely,
if thecentre
is toohigh,thethickness
of thepackers
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will have to be reduced, either by the use of thinner packers or by having
the packers machined. Having thus levelled, at the proper height, the bed-

plate and bottom half-cylinder, the next operationis to set the cylinder
central on the axial centreline. For this purposeit is usualto use a length
of fine piano wire, stretched tightly by means of weights between the two
outer pedestals. The wire is very carefully centred at the extreme edges
of the bearing pedestals, and the bottom half of the cylinder, plus bedplate,
is then jacked over on the packing pieces below the bedplates, so as to bring
it central on the steel wire. The final test is made with an inside micrometer,
behind which is held a piece of white paper, in order to show clearly when
the end of the micrometer is just touching the wire. This adjustment makes
the cylinder right for position sideways and vertically. Its position endwise is usually taken from the centre line of the turbine exhaust, and this

line, as well as the axial centre line, is determinedbeforehandfor building
up the foundations, and is retained for definitely fixing the position of
the turbine.

When the piece is finally set, the level should again be very carefully
checked, and if necessary readjusted, before the bedplates are grouted-in.
There is a difference of opinion among engineers regarding the best time
during erection for grouting-in the bedplates. Some men prefer to erect

the wholeplant completebeforedoing anygrouting; otherspreferto grout-in
the bedplates immediately they have been finally set and checked over, and
before any weight, e.g. other portions of the plant, is put in position on
the bedplate. The arguments used in favour of the former method are,
that if the whole plant is completely assembledfirst, any errors in the drawings, which might make it impossible or difficult to fit the various parts of
the plant together, can be adjusted without cutting away the foundations
or undoing a lot of work made permanent. Against this advantage must
be placed the disadvantage of liability to spring the castings and soleplates,
due to the concentration of the weight of the whole plant on the comparatively small areaof the packing pieces between the soleplatesand the foundation block. On the other hand, the number of caseswhere a complete plant
has to be taken up and re-erected, due to some oversight in the layout drawings, is so remarkably small as to be almost negligible, and a good deal can
be said in favour of grouting-in immediately the soleplatesand main structure have been assembledand checkedfor position. The whole of the area of
the underside of the soleplatesis thus available for distributing the weight
of the plant, and in consequencethe liability to settle and get out of level
is very much reduced; further, it is usually possible to make a very much

more satisfactoryjob of the grouting-in processbefore the whole plant is
assembled, on account of the greater freedom and space to get at the job
when the bedplates and lower parts only of the plant are in position.

Instead of using parallel packing pieces,which are left in and groutedup, some engineersprefer to use steel wedges,about 3 in. wide and
3 or 4 in. long, tapering down in thicknessfrom J in. to nothing. The
wedgesare driven in under the sole plates until the latter are levelledup,
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and,after the groutinghasbeenrun in andhasset,thewedgesarewithdrawn.
The use of wedgesis a much quickerjob than with parallelpackers,but It
is obvious that the contact of the wedge with the soleplateis more or less

a line contact,as comparedwith the surfacecontactobtainedwith parallel
packers,and it is thereforeessentialwhen usingwedgesthat the soleplates
be grouted-in beforeany weightis put on.
Careshouldbe takenin mixingup the groutto seethat it is thin enough
to run easilyunder the bedplates;it should havethe consistency
of very
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thin cream,
andshouldpreferably
bemoreliquidthanotherwise.
The

proportions
of cement
andsand
used
areasfollows:
onepartbyvolume
(bucket
or barrow)
of cement,
twoparts
finesharp
sand.Before
grouting-

upa dam
ofstiffcement,
orofboards
orbricks,
should
bebuiltallround
thebedplate
toaheight
of2or3in.higher
than
thefinished
level
ofthe

zroutandthesurface
oftheconcrete
foundations
should
thenbethoroughly
wetted
withseveral
bucketfuls
of water,
in order
to prevent
thewater
m

thegrout
being
rapidly
absorbed
bytheconcrete
foundations
The
grout-

ngmaterial
isthen
runin,and,
when
thesurface
ofthe
hqmd
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bcfttom
oflength
the
soleplates,
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should
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so, after part of the contractionhastakenplace and the grout partly settled.
With regard to the length of time required to set,this varieswith the nature
of the cement; someslow-setting cementstake two to three weeksto set
properly, but where ordinary cementis used in mixing the grout, and the
depth of the grout is not great, sufficientsettingshouldtakeplacein a week.
A simple test is to stab the surfaceof the grout with the tang end of a file
held in the hand; setting should be allowed till the point of the file marks
but doesnot enter the grout. It is usualto carry the grout up over the top
of the bottom flange of the soleplatein order to securea good grip; in
some casesthe whole of the hollow interior of the bedplate is run in solid

with grout; in suchcasesit is advisableto havesomeholesdrilled previously
in the bedplate to let out the air, and allow the grout to fill the whole solidly.

When properly set, the dam of brick or wood is broken away,and the
grout projecting from the side of the bedplate is dressedoff. The holdingdown bolts, which secure the turbine cylinder and bearing pedestals to the

bedplate,shouldbe carefullyexaminedand adjusted,anddowel-pinsbetween
the cylinder and bedplateproperly fitted. A word might usefully be added
here on the use of dowels and holding-down bolts in such cases. Due to

the wide rangeof temperaturethrough which a steamturbine has to work,
i.e. from the temperature of the atmosphere, when starting up, to the temperature of the steam when on Ioad9 and also on account of the high temperature throughout that may be reached, if the vacuum on the condenser
is lost and the set goes over to atmospheric exhaust, the expansion and
contraction
or " breathing " of the cylinder and shaft may be very considerable, and amount to J in. or-f in. in large sizesof plant. The amount of this

expansioncanbe calculatedfrom tablesof the linear coefficientof expansion
for various metals, though the actual movement may differ, in certain cases,

from the calculatedamount, on account of the shapeof the casting,&c.
Provision has to be made to allow this expansion to take place, and at the
same time the cylinder, bearings, Sec.,have to be properly held down. It
is usual, therefore, to definitely fix a datum level from which the vertical

expansionand contractioncantakeplace,and alsoto fix a definitetransverse
line from which the axial expansion and contraction can take place. The
datum level for vertical expansion is naturally the top of the bedplate sup-

porting the cylinder, and it is an advantageto have this level as near as
possibleto centre line of the shaft and cylinder,so asto makethe expansion
or

" lift " of the cylinder top half equal to the downward movement of the

cylinder bottom half, and so keep the cylinder under all conditionscentral,
vertically, on the turbine spindle. In some turbines the datum level is
several feet below the shaft centre line; in these casesit is usualwhen setting
the turbine shaft to put it some ten-thousandths of an inch high, so that,

as the cylinder expands or lifts with heat, it makes itself central on the
turbine spindle. The transverseline for fixing the datum, from which the
axial expansiontakes place, is securedby meansof two stout dowel-pins,
one on each side of the turbine cylinder, set half in the cylinder feet and half

in the bedplate. These dowels should be a nice tappingfit in order that,
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while
theydefinitely
fixaline,thecylinder
isfreetoexpand
along
thedowels

asit gets
hot These
dowels
areusually
placed
about
midway
along
the
cylinder
length,
andtheexpansion
thustakes
place
in bothdirections
from
thisline. In othercases,
thedowels
arefixedattheexhaust
endofthe

cylinder,
andthe wholeexpansion
thustakes
placein theonedirection

viz.towards
theH.P.end.It isnecessary,
of course,
to have
afixed
point
onthecross
transverse
datum
line,soastocontrol
definitely
thedirection
of thesideways
expansion.
Thisfixedpointis formed
byvertical
kevsat

boththeHP.andL.P.ends
ofthecylinder,
sethalfin thebedplate
and

haltin projections
fromthecylinder
onthevertical
centreline These

keysenable
thecylinder
tobreathe
vertically,
butkeep
thecylinder
central
sideways
underallconditions,
andthuscompel
theexpansion
(lateral)
to
takeplace
equally
onbothsides.Thedowels
should
bemade
aneasy
tapping fit, andthe holesthroughthe

F

cylinder feet, through which the
holding-downbolts pass,should be
at least J in. bigger in diameter than

the bolt, so as to allow the cylinder
to expand and move laterallywhen
heated. The bolts, therefore, have

to be of specialconstruction;theyare
known as collar or shoulder bolts,
and are shown, together with the
corresponding type of stud, in the

Fig. 6.-Holding-down

Shouldered Bolt to allow for

Expansion and Contraction of Cylinder Feet relative

accompanyingsketches. A special toBedplate
washer is always used under the 4, i,-002
Bedplate.
2,Cylinder
feet.5,3,
Boltsnoulder.
in. for sliding
clearance.
Clearance
round
head

of the bolt

or under

the nut

boltfor expansion
of cylinderrelativeto bedplate.

of the stud, and it will be seen that

when the bolt is tightenedhard downon the shoulder,and the lengthfrom
shoulderto under side of headis just correct,that the cylinder,while definitely held down, canmove or expandsidewaysas required. In orderto

gettheexactlengthof thebolt,fromshoulder
to head,the boltis tightened
downwith thecollarin position,andtheamountof slackbetween
thecollar
and the head is then measuredwith feeler gauges,and the length from
shoulderto head is then reducedby the figure obtainedwith the feelers,

with the exception
of two thousandths,
whichis left on in orderto provide

a verysmallclearance
between
theboltheadandwasher,
andthusallowthe
cylinder to expand.

Beforejointingup anysteam-pipe,-or
thevalvechestto the cylinder
bottomhalf,theyshouldbe carefully
examined
for anyloosematerial,
e.g.
nuts,pieces
ofsteel,borings,
See.,
thatmayhavelodged
in thesteam
passages;
in thecaseof steam-pipes
it is veryadvisable
to eitherdrawa heavy
chain

through
themrepeatedly,
orto tapthem
allovertheexternal
surface
with
a heavy
handhammer,
or todoboth,in order
to loosen
anyscale^or
rust
thatmayhave
formed
inside
thepipes,
dueto the" weathering
" ofthe

hardskinontheinside
ofthepipes.In particular,
thesteam-nozzles
should
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be carefullyexamined,especiallythe nozzle-boxor spacebehindthe nozzles,
which appearsto be a favouriteplacefor foreign matter to collect. Any
foreign matter not removedwill be blown through by the steam,and may
seriouslydamagethe turbine blading. As a rule, the joints betweenthe
steam-chest and the turbine cylinder are dowelled, in the manner shown

herewith, in order to definitelyfix the position of the steam-chest.The
dowelsareput in at the joint in orderthat they canbe easilywithdrawn or
knockedout when the joint is broken. If the dowelsare put in at right
anglesto the joint, as in the other sketch,there is a dangerof the dowel
being " burned in " by the prolongedactionof the heatof the steam,more
particularly when the steamis superheated.On the other hand, great care
should be taken to seethat the dowel used in the joint is made an easytapping

fit afterthejoint is boltedup tight. If the dowelis too tight, thereis a danger
of the joint being forced open at the
dowel-pin, and thus causing serious
steam leakage. A note will be added
later, on the making of joints for
steam-, water-, and oil-pipes.
Assuming, then, that the nozzles
and steam-chest have been carefully
examined and cleanedout and jointed
Fig. 7.-Dowel-pins
in Joints
up to the bottom half of the cylinder,
i, Dowel-pins drilled radially. Joint can easily be
the next step is to put in position
split and dowel-pins removed.
2, Holes for hexheaded
dowel-pins
at
right
angles
to
joint.
On
highthe bottom halves of the stationary
temperature steam-pipes these dowels are liable to
" burnin", andhave
tobedrilled
out,unless
theyare diaphragms. Before this is done the

made
afairly
easy
fitinitially.

outsidesurfaceof the diaphragms,
which fit

into the grooves in the

cylinder, should be carefullyrubbed over with a little flake graphite to
preventthem rusting in in courseof time. After the diaphragmbottom
halves are in position, the drainageof the cylinder should be tried in order

to seethat water, condensedsteam,&c., cannot collect in the cylinder,
and not only cause rapid deterioration of the blading, but also be the

causeof the turbine shaft " whipping", due to the wheelsrunning in
water at the bottom. The effectsproducedin this way are sometimes
very serious,and havebeendisastrous. The bestway to test the drainage
is to open all drain-cocks and run water from a hose in between the dia-

phragms,and into all pocketswherewater may lodge. As a rule, the diaphragmsare so arrangedthat anywaterin the cylinderautomaticallydrains
awayto the exhaustend,andthenceintothe condenser. This is accomplished
by the design, or, where necessary,a small hole, say f in. diameter, is drilled

through the bottom of the diaphragmsin an axial direction, the hole being
increasedat the L.P. stagesto | or f in. diameter. A small quantity of
steam blows through this drain hole and keeps the cylinder clear of water,

the lossof steambeingquite insignificant. Previousto putting the bearings
in position, the bottom halvesshould be carefully scrapedand beddedon
the journals of the shaft they haveto carry. This is done by smearinga
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little redleadmixedwith thin machine
oil on thejournal,andthenrubbing
it uniformlyoverthejournaltill almostdry. The bottomhalf-bearing
is
then put on the journal and rockedbackwardsand forwardsa few times;
the high or

" hard "

spots of the bearing will be marked with red lead, and

mustbe carefullyscrapeddownwith a curvedscraper;the red lead should
be smeareduniformly over the journal beforethe bearingis againmarked.
This processis continuedtill the bearingis markedpretty uniformly. The
top half-bearingsare also tried for marking,and the hard spots removed,
but the markingprocessis not carried so far, or is so complete,as in the

caseof the bottomhalves.(An exception
is madein the caseof bearings
for reciprocatingplant, wherethe pressurecomeson the top and bottom
half-bearings
alternately,and the
necessity, therefore,1 exists for

themarkingand scrapingof both
halves to be done very care-

fully.) After all the bearings
have been scraped,the bottom
halvesare put in positionin the
pedestalsor housings,and the
centre line, previously used, is
againstretchedthrough in order
to align the actualbearings.
The bearingsof high-speed
turbine plant areinvariablypro-

videdwith meansfor adjusting
the bearingrelativeto the pedestalor housing,
bothvertically
Fig.9.-PaddedBearings,
showing
AdjustingLiners

behind
Steel
Pads

and horizontally. The vertical

adjustmentis usuallymadeby
means
of liners,both at the top

andthebottom
ofthebearing:
theadjustment
sideways
is made
eitherby
linersor bytwotapered
steelwedges
oneitherside.Thebearings,
also,

arefrequently
made
self-aligning
by theprovision
of spherical
seatings

in thehousings,
butthisdegree
ofself-alignment
is slight,andis provided
simply
to allowthebearings
to takeup a comfortable
position
on the
journals,
andto remove
stresses
dueto slightinaccuracies
of alignment,
or dueto alteration
of alignment,
caused
by stresses
in the castings
or
settling
offoundations,
&c. Oneof themostconvenient
andwidelyused
bearings
is thepaddedbearing,
onwhichtherearepackets
of thin liners

at thetop,andbottom,
andsides,
consisting
of sheets
of steel,
varying
in thickness
from-005
upto-025
in.,each
setof liners
being
covered
by
a steelpad,throughwhichscrews
passandsecure
the padandlinersto

thebearing.
By removing
a liner,say-005in.,fromonesidepadto the

other,
the^whole
bearing
ismoved
over-005
in.;inthesame
waythebearing

canbe raisedor loweredby veryfine stages.
Beforetheturbinespindleis put in position,it is advisable
to raisethe
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bottomhalf-bearings,
say-gVin., by means
of the bottompads,previously
described;
thisis awiseprecaution
toprevent
damage
tothebrass
labyrinth
packing
stripswhichlinetheH.P.andL.P.glands,
diaphragm
collars,
&c.,
to preventleakage
of steamout,or airin. Some
oil shouldbepoured
over
the shaftjournalsandinto the bottomhalf-bearings;the shaftshouldthen

be carefullyloweredtill restingin thebearings,
specialcarebeingtaken
duringthislowering
operation
thatthewheels
areclearofthefixeddiaphragms
betweenthem. Thethrustblockbottomhalf shouldthenbe putin position
andwedgedup temporarily
with wooden
wedges,
to preventanyaxialmove-

. 10.- Top Half of Turbine Cylinder turned over for fitting of Top-half Diaphragms, Glands,and Nozzles

ment. The shaft and wheels are then slowly revolved by hand, or if neces-

saryby meansof the cranepulling on a ropepreviouslywrappedroundthe
shaft. If the brasslabyrinth strips are touching the shaft, they will mark
the shaft with a fine yellow line. Beforelifting the shaftto scrapethe labyrinth strips,it is advisableto fix the verticalguide-stripsin positionto prevent
the wheelsfouling the diaphragms,andthe shaftis then raisedandthe brass

labyrinthstripsscraped
andsharpened
up againwherethe shafthasrubbed
them flat. The shaftis then loweredagaininto its final centralpositionby

previously
removingthe ^Vin. of linersaddedto the bottompadunderthe
bearings.

In orderto put the half-diaphragms
in thetophalf-cylinder,
thelatteris

turnedupside
downandthediaphragms
thenputin position
andsecured
by
" keeps
" held in by screws.Beforethe diaphragms
areput in position,
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any nozzlesin the top half should be bolted in positionand properlyjointed
up. The completedtop half-cylinderis then turned back into the upright
position,andcarefullylowereddown into placeon the bottom half. Guiderods are usually provided for guiding down the top half, and it is advisable
to put strips of sheet metal -3Vin. thick and 3 or 4 in. wide at several places
round the main horizontal joint. This is done in order to try the spindle
for being free before the top half is right down in position. The spindle is
then pulled round once or twice by hand or by the crane,and if quite free,
the pieces of sheet metal can be removed from the horizontal joint, the
weight of the top half being meanwhile taken by the crane. The top half
is then lowered right down and the spindle pulled round again. The cover
is then finally lifted, and the edgesof the brass labyrinth packing strips sharpened up. The setting of the thrust block, which determines the position
axially of the turbine spindle, should now be carefully adjusted, and the
axial clearancesbetween the wheels and the fixed diaphragms very carefully
checked over at both sides of the turbine. A record should be kept of these
clearances,and if they are less than the clearancesrequired by the particular
type of turbine being erected,it may be necessaryto have the fixed diaphragms
further machined; special care should also be taken to observe and accurately
measure

the clearance

between

the nozzles and the blades on the first

wheel.

When the spindlehasbeenfinally set,the permanentcollarsfor securing
the thrust block in position axially can be machined to the required thickness,
and either pinned on to the thrust block by two or three countersunk screws,
or left loose and tapped round into position.
Having prepared the main horizontal joint of the turbine cylinder and
spread the jointing material uniformly, the top half is lowered into position,
dowel- or steady-pins driven in to fix the relative positions of top and bottom

half-cylinders,and the bolts through the joint then put in, and eitherbanged
up tight with a large spannerand heavysledge-hammer,
or pulled tight with
a heavy spannerover the stern of which is passeda piece of heavypipe
several feet long, for additional leverage.

I]

Whenthe supplyof steamis available,
it is advisable
to go round all
joints which reach a high temperature under working conditions, and
tighten up the bolts after the joint hasbeenheatedup. The effect of heat
causes the jointing material in the majority of casesto " give ", and this

give should be taken up on the bolts through the joint, otherwisethe joint
will very probably begin to blow in a very short time.

The next operation is to erect the alternator and couple it up to the
turbine.

In the very great majority of cases the alternator stator is built

in one piece, i.e. not split horizontally, the exceptionsbeing few and far
between. The advantages of making the stator without a horizontal break

arevery great,both from the electricalaswell as from the mechanicalstandpoint, so that even the largest alternatorsare made in one piece. This
means,therefore, that the generatorrotor has to be threadedthrough the
stator, and as this is an operationwhich has puzzled many engineers,a
descriptionis given of the method employed.
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outboard pedestal is roughly levelled up on the
in
the engine-roomfloor is not designed
Tht journals of the generatorrotor are carefully
and the top and bottom half-bearingsfor eachend beddeddown,
floor, or

In

257

258

HEAVY

MACHINERY

as describedpreviously. The shaftjournalsare then cleaned,a little oil
rubbed roundthejournals,and the rotor put in positionin the outboard

ist position-Rotor with central lift lowered into outboard pedestaland packed up at turbine end

/

\

2nd position-Pedestal
cover bolted on. Pedestal forms an out-of-balance weight which enables
rotor to be slung out of the geometric centre. Chain blocks can be hung on crane hook and help
to support pedestal if necessary

1

-jri

-<!- -j

./

L

1.

A
3rd position-Sling up against end of generatorstator. Outboard pedestallowered on small steel rollers
and turbine end packed up

4th position-Turbine

end raised,rotor jacked or pulled on rollers into final position
Fig. 12

pedestal,the other end of the shaft being packedup on baulksof timber,

&c., asfar aspossibledeadlevel. Thetop half-bearing
andpedestalcover
are then put in positionon the outboardpedestal,
but the bolts securing
the cover are left about -£%in. slack. The rotor, togetherwith outboard

pedestal,is then slungon the crane,carebeingtakento arrangethe sling
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It is obviousthat the pedesta

forms an out-of-balance
weight, which brings the centreof gravity from

Fig. 13.-Stator Shellof 2o,ooo-kw.
Turbo-alternator, singlecasting,weight28tons,showing
steel trunnion pins for turning

canting on end

thegeometrical
centretowardsthepedestal,andthusleavesoneendspecially
long,asshownin thesketches.Great care mustbe takento getthe whole
piecedeadlevelwhenhangingon the crane, a spirit-levelbeingusedfor the
purpose,
heldon thejournalor parallelpart of theshaft,thepointof support
VOL. I
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(i.e. wherethe wire sling gripstherotor) is moveduntil the balanceis obtained.
Sometimes, in order to achieve this, it is necessary to hang a set of chain
blocks on the crane hook and support the pedestal slightly by tightening
up the chain blocks. Having thus got the rotor slung level, it is an easy
matter to thread the piece through the stator until the rope sling supporting
the rotor, &c., is nearly up against the stator winding. A support of steel
beams or baulks of timber should previously have been arranged to support
the turbine end of the generatorrotor, and the rotor is then carefully lowered;
some ten or twelve, or more, steel rollers should be placed under the outboard pedestal, and the latter lowered down on to them. These rollers
should be made of \ in. diameter steel rod, in lengths a little greater than
the width of the pedestal. The sling is then removed from the body of
rotor, and the turbine end of the rotor shaft is supported by the crane, and

a slight endwisepull appliedby the crane. The pedestalend will roll on
the small rollers, and, when the generatorand turbine couplings are together,
the generator bearing (turbine end) can be put in position and the rotor
lowered into it. It only remains to lift the outboard pedestal end of the
rotor with the crane and remove the small rollers. It is the practice nowadays to place a sheet of insulating material, e.g. fuller-board, leatheroid, &c.,
under the outboard pedestal, and to insulate from the pedestal, by means
of insulating tubes and washers, the bolts which hold the pedestal down
to the bedplate. This is done to prevent the circulation of stray currents
through the rotor shaft, pedestals, and bedplate. Under certain circum-

stancesthesestray currentsreachhigh values,and the effecton the generator
is to causepitting of the journalsand white-metalbearings,and the breaking
up of the oil passing through the bearings, with the formation of acid, which
in turn

causes further

corrosion.

Before closing up the bearingsand bolting down the bearingpedestal
covers,it is most important that the clearancesbetweenthe bearingand
journal for oil be accuratelymeasured,and if necessaryincreasedto a safe
figure, and at the same time the fact be definitely establishedthat the cover

is actually binding down the bearinginsideit. The white-metallining of
the bearingsshould be scrapedawaycarefullyat the sides(seefig. 15) for
a sufficientdistancedown, so as to leavethe actualbearingarea-that area
contained in an angle of about 120°; this side clearance should not be less

than five-thousandthsof an inch, and it should be possibleto get a feeler
gauge down on each side, all along the bearing. The clearance between

the top of the journal and the bearingis obtainedby putting two or three
strandsof soft lead wire acrossthe journal and bolting the top and bottom
half-bearingstightly together; on openingout again,the lead will be found
to havebeen flattened out to the exactclearanceon the top of the bearing,
and this thicknesscan then be accuratelymeasuredby a micrometergauge.
This clearancevaries with different makers; an averagefigure is about
i mil. ('ooi in.) per inch of journal diameter,and if necessary
the inside of
the top half-bearingshouldbe scrapedawaycarefullyto obtainthe necessary
uniform

clearance.

Fig.
14.-ao,ooo-kw.
Turbo-generator
in
course
of
erection,
showing
special
method
oflifting
7o-ton
sutor
bytwo
cranes,
as
neither
crane
byit&elf
could
liftthe
piece
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In order to determine whether the pedestal cover is binding down the

bearing,immediatelybeforethe cover is put on, a strand or two of soft
lead wire is laid acrossthe top pad or outside machined surfaceof the bearing

and the pedestalcoverthen bolted down; if, on lifting the coveragain,the
lead wire is not flattened down " to nothing ", additional liners must be put

under the top pad, and the test repeatedtill the desiredresult is obtained.
Unlessthis precautionis taken,thereis liable to be a considerableamountof
vibration when the plant is running, and this will result in " hammering "

of the bearingsand the running of the plant will get rapidly worse. In investigatingvibration troubles in high-speedplant, it is always wise to
examine the bearingsfirst of all, for clearanceand for tightnessin the
pedestal.

Before finally closing up the bearings,oil should be pumped through
the lubricatingsystemin orderto seethat eachbearingis receivingan ample
supply of oil. When runningup a set suchas describedabove,the utmost
care should be taken. As soon as the spindle just starts to move round,
the engineer in charge should have a quick run
round in order to locate any unusual noises,
sign of smoke, or evidence of heat, and be prepared to shut down instantly if necessary. The
running-up for the first time frequently takes
several hours, during the greater part of which
the set is being run at slow speed, which is
very gradually increased; this gives any trouble
time to show up at lower speed,and gives the
man
in
charge
a^ better
chance to
avert trouble
Fig. 15.-Bearing
showinj? Sides
,
"/" ^i
i r
"
i
^ r n
j
scraped
away
forOilClearance than if the defect IS Shown Up at full Speed.
Joints.-In
considering the best type of
material for making any given joint, while the principal point is the
tightness of the joint under working conditions, due regard must be paid
to the time and labour involved in breaking the joint, removing the old
material, and remaking the joint when such a course becomes necessary,
e.g. opening up or dismantling machinery for inspection. There are some
materials which make excellent joints, but which are removed only with
the very greatest difficulty.
There are a large number of jointing materials on the market to-day,
for all of which special advantagesare claimed. Some of these materials
are in sheets, others in powder or paint, and some in metal, wire, sheet,

and net, and nearly everyengineerhashis own particularmethodof making
any given joint, which he claims is superior to any other method; only a
general statement, therefore, can be made as follows:

For Steam-joints(flanged).-The joint facesare very carefully scraped,
bedded on a small, portable, plane table, and, before being bolted together,
are wiped over very lightly with graphite or some graphitic paint, or even

left without anyjointing materialat all. Alternatively,a Taylor corrugated
joint ring is used, which has previously been filled with one or other of the
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jointing materialsin paint or putty form. For joints in pipes carryingsuperheatedsteam,thejoint ringsshouldbe madeof corrugatednickel. Alternatively,
a joint ring can be cut from a sheetof jointing material and, before being
put in position, painted on both sideswith thin graphite paint-or a ring
can be cut out of thin copper gauze,and the latter then thoroughly filled
with red-leadputty, or other jointing material, beforebeing put in position.
For low-pressuresteamjoints the latter is a favourite method, the addition
of a strand or two of leadwire threadedround the gauzeadding to its efficiency. In the steam systemsof collieries, where low-pressuresteam is
used without superheat,ordinary rubber joint rings are frequently used
with successon systemsup to 100 Ib. per square inch.
The mainjoint betweenthe top and bottom halvesof a turbine cylinder
is usually made by smearingjointing material of the consistencyof thick
cream on the bottom

half, and

then adding a strand or two of
lead wire at the low-pressure
end, and soft copper wire, about
No. 27 gauge, at the H.P. end,
and then bolting the top half
down solidly.
It

is advisable

in the case of

all steam-joints, or joints where
the temperature is likely to be

high, to go round all the bolts in
the joint as the temperature is
being raised. This is known as
" following up " the joint, and it
is invariably possible to get an
extra

turn

or

half-turn

on

the

bolts and nuts when the joint is

Fig. 16.-Copper

Gauze Joint Ring with Lead Wire

woven
inandfilledwithRed-lead
Putty

heatedup. If this is not done,
there is a danger of the jointing material being blown out and the joint
havingto be remade,and in somecasesnecessitatinga shut-down.
For Joints in Water-pipes,rubber insertion is usedmostly; the rubber
joint ring should be put on dry; somemen smearthe rubber with tallow
or grease,hoping to makea moreeffectivejoint, but greaseand oil only result
in rotting rubber and shouldthereforenot be used.
An excellentjoint for flangedwater-pipescanbe madeby a ring of thin
coppergauzefilled in with red-leadputty, and a strand of leadwire threaded
through.

Oil Joints.-Special oil-jointing material in sheet form makesthe best

joint; this consistsof a strongpaperboiledin soft soapand causticsoda.
Alternatively,ordinarysteamjointing materialof the asbestos-sheet
typeis
frequentlyused,but careis takento paintthejoint ringwith shellacdissolved
in methylatedspirit, immediatelyprior to beingboltedup. For large,flat
surfaces,
soft soapsmeared
thinly overthe surfaces,
anda pieceof leadwire
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laid on, makesan excellentjoint. For jointing togetherlarge,flat, machined
surfacesof condensing
plant, red and white lead,thoroughlymixed together
into a thin creamby the additionof gold size,is excellent,but it is essential
that the ingredientsbe thoroughlymixedtogether; the joint canbe improved
by laying in a strand or two of tubular cotton packing. For very large,

flat joints a ribbon of asbestos
from i to 2 in. broad, laid on a smearingof
red and white lead applied to both top and bottom surfaces, makes a verytight joint.
Use of Cranes and Lifting-tackle.-For
light lifts, hemp-rope slings
are the handiest to use; it is also an advantage to have several lengths of
rope of different sizes (not slings), so as to be able to make a sling to any
given length, but in tying the two ends together care should be taken to
always insert a wooden pin (preferably 3 to 4 in. diameter and tapering
down) in the knot; unless this is done it may not be possible to open the
knot again, once a heavy weight has been lifted and the knot pulled tight;

the taper-pinis easilyknockedout anddoesnot lessenthe securityof the knot.
For heavier lifts, wire-rope slings should be used in preferenceto chains;
the latter are liable to crystallize when in constant use, and eventually snap
off short; this is particularly the casein frosty weather. If chain slings are

used,they shouldbe annealedat regularintervals,e.g.everythree months,
by heating to a dull red and allowing to cool slowly. Another objection to
chain slings is that the links are liable to press into and damagethe machined
surfacesof the plant being erected,and in this respectparticularly wire-rope
slings are much to be preferred, though even wire ropes will press into and
indent highly finished surfaces,such as the journals of heavy shafts, and it
is usual, therefore, in designing such shafts, to make special provision of
space at each end where the lifting slings should be placed.
In lifting a heavy piece the following precautions should be observed:

*i. When the craneor lifting-block hasbeen tightenedup, so as to just
put some tension on the slings, see that the crane ropes are vertical when

viewedboth from the front andside; unlessthis is donethe piecewill swing
to onesidewhenlifted, and,in the caseof a heavylift, considerabledamage
may result.

2. The slingingshouldalwaysbe arrangedso that the centre of gravity
is belowthe point of support,i.e. the point or points from which the piece
is suspended.If the centre of gravity is abovethe point of support, the
piecemay capsizeand fall out of the slingswhen beingraisedor lowered.
3. If one end of the piece lifts before the other, the sling at the end

which lifts first should be lengthened,or the other end shortened. The
most convenient way to lengthen a sling is by meansof a series of shackles

eachwith removablepin. For shorteninga sling,piecesof timber or wooden
wedgescan be placedbetweenthe sling and the piece.
4. Whatevertype of sling is used,it should alwaysbe protectedfrom
damagewhere it passesover sharp edges,corners, See.; fillets of sheet iron

or thick lead are used,or severalthicknessesof sacking.
5. Whenthe piecehasbeenlifted, say,an inch clear,the lifting operation
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shouldbestopped
in orderto seethatthecranebrakes
are in order,or that
thechainlifting-blockswill not run back. The pieceshould then be raised
anotherinch, in orderto seethat the cranecanstart lifting with the load
on it. It is unfortunately
too oftenthe casethat the controlling arrangementsof anelectrically
operated
cranewill not allowthecrane to startagainst
heavy load.

6. The pieceshouldthen be loweredan inch, to see that the lowering
can be stopped,and that the pieceis thus properlyunder control. By
carryingout afew simpleprecautions
of thiskind muchtrouble anddamage
canbeaverted,as,if the craneshouldfail to holdthe piece, it canonlyrun
down an inch

or two at most.

7. Wheneverythingis satisfactory,
andthe brakeblocks, &c., adjusted
if necessary,
the piececanbe lifted into position,thoughcare shouldalways
be takenwhen loweringto seethat the craneand lifting tackle are not subject
to shocks due to suddenly stopping.

