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NTRODUCTION

4 "Machine Shop Laboratory™ forms part of the recognised
aquipment of avary up=-to-date school end many schools have apent
larga sums on elaborate buildings and ready-made epparatus, yet it
is quite rare to Tind any of these leboratories with a2 sultably
squippad workshop for the repair and construction ol apparatus,

Tt i= also cormon to find in the cupboards of our
lahoratoriss & dusty collaction of broksn balesnces, selvanomaters
and such-like that are no longer in use owing to tha lack of some
emell screw or esseatial p%rt. The old spnarstus can be packed
and sent back to the makers for repairs, but this involves trouble,
time and money,

A gmall workshop enshles reprirs to ba done at naglizible
axpense without dslswy and, what is even more important, the tsacher
of seience with a knowladge of the vss of tools 1s sble te try
sxperiments that ere not found in school text-books snd to introduce
into his tesching a freshness and originality thet 1s often sadly
lacking in thase present days.

The modern scisnce student at the university receives
little treining in menusl dexterity. The lecture experiments
sre set up by skilled asssistants and the laboratory work ssldom
calls for much manipulstive skill, with the raesult that few science
masters hava sn opportunity of lesrning the use of tools and the

gonstruction and adjustmant of apparatus,



Following the sugrestions of Profesesor J.R. Osborn, the
candidete has attempted to remedy this deficisncy in his University
oy designing 2 "Machine Shop Leboratory", This becsme & necessity
at the time when the American Universitvy of Beirnt thousht of build-
ing & new Enrirearing School which ineludad in its program Civil,
Slectrical and Mechanical Engineering.

Although the "™achine Shop Laboratory"™ is of prime
importance for students tekineg Machanical Engineering courses, it
is esay to realiz2 fthat it is neceesary for all science students.
#hat is really beneficial to the student= ls not the completion
of a gsrtain model, but the manual dexterity rained while working
an thet model ,

To sum up, the "Machine Shop Laborstory”™ will have two
main functionst First, it will ensble repeirs, designs snd con=
structions of different apparatusz to be done relatively at neglipible
expenses at the Yniversity; and second it will be a vital laboratory
for those students majorinsr in Engineerinrs 2nd Sciences. Moreover
the leboratory will.prﬂvida for them an escape from the stapnation
of exemination Seience and something of the spirit of a razaearch
laboratory is introduced into achool studies,

It is to be noted that an elsborate, e¥pensive squipment
is not necessary, but it does include the nacessary machines for
the performance of the different operationz sithar on wood or matal,

The details will be studied in the subssquent chapters,



CHAPTER I

LOCATTON and GENERAL PLAN

Logation:®
Th

41}

gelection of 2 plsce %o ba used 25 a Machine Shop
Laborstory is Eﬁhject to various considerstions,

j The Machins Shop should be situsted near the Engineering-
Physics Buildine, since one of its main functions is to serve
Bnginesering and Science students, It also formes part of thelr
laboratory and sesy agéess from the mein building should be provided.

=, Thz Machine Thop is a centre of raepair for the whole
University and for that raeson it should hs reschad by a road which
will parmit any material to be hsndled ea=ily,

3, Un the other h=nd, the noise crested by the running
machinas should not ba = pause of disturbesnce for the other build-
ings, especielly whan lectures ara baing given. Uor thet, elsborate
studies should be made ae to adeguate dietance te be given and noiee
contrel. (see chapter YII)

4, Other factors should be considered as for example ayoid-
ing the proximity of the Machine Shop from a chemical laborestory.
Tha fumes of & chamiecal laboratory can couse steel tools to rust
over-night,

B The sveilshle land ie probably onz of the deciding
fagtors, HMAlthough this is saa economical problem, it plays an
important part in the location of the Machine Thop. In the present
case, the available lsnd is bounded by the New Engineering Building
to the south, by the property line to ths north and east, and by

a residence to tha west,



= ] =

Taking all these facts into considaration, tha "Machine
Shop Leborstory” will be located ta the north and at a distance
of 16 metera from the MNew Enginsering Building, Althoneh it conld
be plaged nsarer, the Machina Shop is placad =t that dlstance from
the Eneinesring building =o that the noise created by the running
machines will not be & c2uss of disturbance, Also, ths preveiling
winds in Beirut have s South-Wast direction and the Pumes of the
Chemigal lsboratory sre carried awey from the Machine Chop,

The location plan shows the position of the "Machine
“hop Laboratory" with raspect to the surrounding buildings,

Ganeral FPlan:

The building cove-z p totsl ares of approximately 715
square mstera and is divided into four Aietinect partst

1, The Torge shop

2, The [oundry

3. The metel worklnz shop

4, Tha wood workins shop

T@e aquipment and the pensral position of the machines
in thess different parts will be studiad in detail in the followling
chapters. 7Ths division= of ths Machine Shop Suilding will be dealt
with now,

The forga shop and the foundry occupy the north part
of the building, and are saperated by a mowvable partition. this
movable partition consists of e masonry wall which cen ba easily
removed in smargency c2ses, Lhe Torge shop énd the loundry sere
sach 12 maters long by 7 matars wide, HSach one is provided with
2 door 2 meters wide to parmit the hondling of equipment and

matarial, Two small rooms are locsted naar the forge shop and can
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e resched through it. ©Una agontains the forga goal necessary lor
the functioning of hearth, and the second is used 88 & atore plage,

Similarly, two other amall rooms are located near the
foundry, Une of them conteains the moulding sand necessary in
the moulding operations; snd the othsr the Toundry cosl used in
the core oven or brass furnscae, Thesa two rooms cen be resched
from the foundry itself, The pig iron, scrap and coke are placed
in an elevated store outside the bullding and near the cupola to
avoid the use of 2 vertie2l 1ift end s=ve lesbour (msee chropter III},
The core oven, the cupola and the adjoinine store ars locetad oute
gide the building, *he necessery =pace is provided,

Ths metal-working shop and the wood-working shop form the
front part of the bulliine, Each one hes a length of 15 meters and
a2 width of 8,2 maters, They sra also served by 2 two-meter door
which ce&n ba reschad from tha outeide for ths Handling of material
and equipment, The welding equipment is placed in a separate room
which can he reached throush the matal shop, In thie case, the
are produced during weldins operation 1s not 2 sourcs of trouble,

The metal shop and tha wood shop cen be resched from the
main entrence thru a =sliding door,

tdjacent to matal shop is the office, Llhe dividine wall
is mada 30 cm, in thickness for tha two fellowing remsons:

1. To reduce vibretion and noise

2. To provide enough space Tor the =liding door

Similarly, the drawing room is located nesr the wood sheop

and is sspersted from it by 2 30 cm, wall, &l1lss the pattern stonese

room is placed near the wood shop 20 as to make the handling of

patterns sasier,

oy

£
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GHAPTER II

Forge Shop

It is undoubtedly true that =ince the new developments
in machine construction and the introduction of lathes and the large
variety of gimilar machines now in use in almost every machine shop,
the Forge Shop has lost considerably of its importance as one of
the indispensable departments upon which the machinist farmerly
depunded for much of his work, The introdustion of steel cestings,
malleasbla 4iron cestines snd othar similar materisls superseding in
many cases the lorgings, hae slso baen an important factor in the
mama direction,

Yat, while the Forge Shop mey have decressed in importence
in ths malking of forgings, there will alwaye remain the demand of
the machine shop for & csrtain amount of strietly machine Toresines
of iron =nd steel which e¢annot be mst by any other materiel, And
althourh great and important improvements heve been made in forging
by tha usas of improved hammers and the proceas of drop forging,
there ig still a large demsnd for hand forging,

Lecordine to "Hent's Mechenical Znpineers' Handhook™,
the dagirsbla Ffastures in a drop forgs shop production line are
specified in Tigure 2, which diagrams the prinecipal processes

(1)

involved . Figure 2

Buar Snears, [ Furnace M Wﬂgﬂgnu}hﬂ Fimmcr Em-y-r-'-lv-*__j'ir'd.fad'\‘w

[ Et'nr.nga

: _'_- o =0 - [ : | — -
Fickie i TF I‘Shltﬂﬁﬁﬂ?ﬂw ruﬁnj Cuenchy 'w;‘:i:' -,-,.H': ,“h.:

I. The chart is abatrscted from a dimpgram by fd.s.¥.Harrison
(Davelopments in Modern Drop Porging, and thelr Ralation te Currant
¥achine Shop Practice, Trens, A.S.M.E., 19356)
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Of sourse this diapram ghows a complete detalled process
and in the setusl forge shop, some progaases can be combined, others
omitted, The plan showing the forge shop lay-out gives probsbly tha
most convenient arrengement, Che hesrths are two in number snd 1n |
cese they are to be inereased, they are placed in pairs, so that the
total number becomss four. +hey are 60 cm, from the slde walls to
=1low room for the main blesst pipe, tuyvere cooling tank, etc... The
di=tance senter to csntar of hearth ir made 6,0 meters. Tha Zmith
works with his back to the fire, the beak of the anvil being slways
on his left, The positicn of the anvils is =8 shown, A cleer sone
of 2,5 meters wide must be laft from the anvil outwerds to allow for
the swing of' the striker's sledge hammer, A 1.0 meter way 1= mada
down the center of the gshop for traffic. Benches are placed between
tha farges, snd fittad with a stending wice, Windows light the bench,
hut apra at the back of the smith when not workins ot the banch; ha
will, howsver, get encugh 1izht in this case from the side windows,
Gach Smith has a tool rack ebove the benchas, on the wall, This
arrangement gives a shop with a span of 7 maters,

L power<hammer, & prinder, 2 tool-hardening furnaca and
s gpse=hardening furnsce are shown, The bending rolls end block
are normally kept outside the shop, in the store room,

Now som= of the importent tool or equipment which have
an influence on the plan lay out will be considered in detall.

1, Hearth

For convenience, and where output rather than portability

ig aimed at, it i= desirsble to provide fixad forges, constructed of

metal or brickwork, in shops de=igned for perm=nant use,
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The accompanyine figure (fig.3) shows a full-=izad metal

hearth, which can be built up in & machines shop.

Tamk
Cooliag Tue
1. =

,,-"Tu:,ni.m e T D,
=

Rir Ih.lk\ﬂ' :J:"I:"'TM H'I.f_L |.4-.Ti1-|=_

Fh;g-j.ul.l"lf

Figurse 3

The top of the hearth is about 75 cm. abova flaoor layel, and the
"l aor of the hearth is {lst snd from 22 to 30 cm. below the top
sdge, The a2ir-blast, which is provided by a centrifusal blower,
15 ponveyad throush ths tus-iron whiash prolecta sbout £5 em. through
tha bask of the hesrth, Tha tue-iron, or tuyers, is conical in
shape, and water-cocled, to prevent 1t from burning away, owing
to contact with the flame, snd is erected at such 2 lavel that
the hole for exit of air is sbout 10 to 15 cms, balow the top edge
of the hsarth,

The amaunt of =air saptaring the tuyera, can ba regulated
by & slide vslve, in the pipe connecting the shop air-main and
the tue-iron.

The accessoriez of the hearth are *

1, A weter tenk, conveniently placed near the forgs,
for quenching,

2., A coal hox

—ar

2, The dsta shown eon this figure are taken from "uckworth & Harris;
The Laboratory Workshop”
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. & water tank, at the back for cooling the tue-iron

N

. A poker [(metal red used in stirring the Tirae)

N

. A cosl slice (poker with a flat and)

A gheat iron cowl is placed above the top of the hearth,
and should he fittaed with a shest-iron chimney of sufficient length
to clesar the smoke properly,

The hearth can be bullt up of bricks if thi= will prove
to ba more economical. Howsver, in small shops, the metal hearth
will be more satisfactory.

I1. Thae Power Hammer

The power hammer is a very useful machine where h=avy
material heas to be worked. It may be elther stesm or pneumetic,
The latter has a distinet =advantage in that it can be electric-
motor driven, and fa meda in various sisss complate with motors
in salf-contained sets,

"Kent's Handbook" specifies s I-cwht hemmer as a handy
size for a normal .forge shop, In thie hsmmer, the weight of moving
perts i8 3 cwts,

IIX, The Air Blast

‘nothar feature which must be given caraful consider-
ations 1s the aireblast, If not properly designed, it may become
a2 source of trouble,

(3) : 3
E small smith's fire raqu%ras about 1.30m of air a

minute and & lerge one sbout £€.60 m , both arainst a pressure of

£.25 cm. to 25 em. of water, OSmall fires with the blower closze to

3, Dsta taken from Dickworth & Herris: "The Laboratory Workshop®
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them work well with a pressure of 8,25 cm, of water; lerge fires
will rTequire a pressure of 12 em, of water, Allowing for pipe
friction, 2.9 m..5 per minute should be taken as tha basia for the
normal fire having a 1 1/4 inch tuyere pipe.

The main blsst pipe is taken in 2 trench or in the open
st the bagk of the hearths; it ie of the seme dismeter as the out-
lat of the blower, Tha connsction to =ach forze is usunlly by
1 1/4 4nch pipe, teppad straight into the blaet mein; in the
connecting pipe, ths regulatine =lide 1a placed.

Tt should be noted that bande in the blast main should
as far ss posaible, be aveided, espacielly where a centrifugal fan
hlower is used, The blest mein ehould inverisbly be cerried from
1,25 to 1,85 maters past the last fire,

IV. Smith's Tools

Tn tha following article, soms of the indispsnsable
tools are listed, Fart of this souipment is not shown on the plan
merely because thay are placed in the tool rack,

The anvil, is mads of wrought iren or steal, with a
dpubla-shear steel top weldad on 2nd herdened. It i= placed on
2 metal or timber anvil bleck, of such & haight thet the top of
the anvil is sbout 60 em, above floor level,

Tha small tools includes : hammers, blacksmith's tongs,
cold set, anvil cutter or hardie, hot set, fullers, flatter, sel
hemmer, swages, swagze block, coller swage, punches, drifts, esmith'sa
mandrel, sad an adjustable support. Before starting the next
chapter, the following suggestions given in Kent's Handbaook ars

listed :
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" A forge shop should be well lirhted and ventilatad. Smoke

wlll normally be discharged by the cowls over the hearths,
through saparate shesat-iron chimneys;, to the ocutside of the shop,
in addition ths reol should be provided with louvres or ventilat-
ing skylights to lead off the smoka, <‘ha [loor should be of
rarmed earth mixed with ashes. The spaces between the forges

and at the back of them may be in conerete on which to atand

tooles, surface platee, vices, ate,.."
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CHAPTER I11

The Foundry

Tt is necessary to point cut in connection with this
chapter thst patterns and pattarnmaking will be dealt with in the
chapter on wood working, Tt 1s also helpful to expose some facts
ahout moulder's work, bacause this is en important oparation in
foundry practice,

Iron moulding comprisss four distinct branches:

1. Green sand, in which metal is cast in a damp mould,

This 1

the normal prectice with iron and for thet it will be
atudied in detail, i

2. ey send moulding implies thet the mould is dried
thoroughly before metel is run into 1t, =nd ia esmployad where
a Pine surface ig requirad and also Tor heavy Jobs,

3 Loam moulding does not require a pattern in the ordinary
sense, strickles and swaep boards ars used with wet losm or straw,
Tt is confinsd to symmetricel articles,

4, Ohill ¢asting is the procesa of casting matal in a metal
mould: the auick-coocling acticn causes AN intensely hard surface
to ba formed on tha castine,

In gresn-sand moulding, the sand af which the moulds
ara made must be fine-greined, free from lumps, and of =uch a
consistency that it holds together when damp, It must be infus-
ible when in contsct with molten metal, =nd the mould must be
gufficiently porous to allow the gases formed by the metal in thea
mold to escape,
Sen gand is not suitable, A cesting can be produced

in almost any type of wyellow-coloured sand which will hold together
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;hen damp and retain the shaps of thas pattern, If such sand cannot
be found, the addition of a little clay will jmprove the sdhesive
proparties af the sands which may be availshls,

The foundry floor is covered with sand to a2 depth of from
E0 to 100 em. It is usad repeatedly for filling moulds, Floor sand
constitutas the body of the mould, but the actual surfaces which
come in contact with molten metal sre mada of "fecing sand™, which
is the trua mounlding material.

Tha mixtirs of fasines asnd should be of the right consist-
ancy. & rouph recipe for genersl emall work in irom 1s given by
Frsd H, Colvin in his book: "Starting a small Machine Shop”, 2nd
congists of six verts [loor sand, four parts new =and, and one part
enal dust, The insredisnts are ground up and mixed together,

The Foundry will conaist of the following sguipmentst

: A ﬂUEﬂlill PMigure 4 shows the design of the cupola, It
i= constructed of 10 mm {or 3/8") steel sheet, lined with 12 em,
Pire-brick set in fireclay and mounted on & steel pedestel, the legs
of which sre set in conerste, The drop bottom is 10 mm steel shoet
(3/8"), Ths tuyeres, slsz hole, teppine hole, running spout {let
through the foundry wall)and eolourad sight glasees are =11 indicated
in tha fisurs, The air blast for the cupols 1s provided by a2 blower
which is penerally of tha centrifugal type.

The firabricks =re laid in & good nuality of firecl=y
which should be thorourhly mixed with water and thin enough to
ensure close joints, The layer of bricks are basdded upon the clay

prouting as quickly as possible, and as each brick is leid, it is

=

1. Data tzken from "Textbook of Mechenicsl Engineering", official
COPY ,
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Mlgure 4
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lightly tapped down with = hammer to ensure a solid bearing. A
slearance of 1,25 cm to 1,80 om is laft betwaen the bricks and the
shall of the cupola., This space iz filled with grouting made of
sbout aqual parts of fireelay and old firabricks ground togpether,

After tha gupola hae baen lined, it is dried =2s z2lowly
and completely as possible, ctherwlse the linins will be burnt
much more by tha firet blow than need be the casgse, To carrvy out
the drying, the drop doors are c¢losed snd covered with sand to a
depth of 6 to 8 em to prevent thes heat from warping tham, Wood is
plecad on the sand and a chargs of coke or coal i mdded end the [ire
laeft to burn out,

After the drying out, the surface of the lining iz glven
a thin coating of cement grouting made with fireclay, A hnndful of
selt is pleeed in the pail of water usad to wet the clay, This
traatment will put a glaze on the facae of the lining, which is yvery
effegtive in resisting the burning effects of the first blow, which
is alwars harder on the lining than subsequent bloweg, The shorter
the first blow can be made the better, =2nd gara should be tskan to
keep the blast ag mild as possible.

Tha cupola 1s placed outside the building, but 1s capable
of being tapped from the inside. A lsbour-saving srrangement for
nandling pig-iron, scrap and coke; which should be stored nesr the

cupola is shown in figure 6,

D

Cedanle Turmace

Figurn 5
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Tn this c¢ase, vertical li?ngfur charging ls svoidad,

2. A Brass Furnace:! The methods of using green sand are

aractically the same as in iron moulding. The green-sand method
iz the one ususlly adopted, and apy yallow loamy sand, not too close
in texture, 1s suitable, but no coal dust should bs added, When
4 fine surface is required, shout one-sighth of flour is agmatimas
mixad with the sand,

The fumes of molten brass are poisonous, and gozd ventil-
ation is therefore esseatial,

Pigurs 5§ shows s crucible furnace and is salf=explanatory.
The brisks are linad with fire-clay snd praferably are fire-bricks,

A 15 tha ashpit, B ths firebars, C a natural-draught flue,

Fipgure 6

Cruciblas for brass work sre very brittle, esp=ciaslly
whan damp, HNew cruciblass should be heated up very graduslly, near
a furnsces for 24 hours before use, to avold cracking,.

Tt is to be noted that portabls oil-fired crueibla
furneces csn be obtalned, The erucible furnace shown in the figuras

is,howsver, 8o sasy to build that the heavy and expensive type is

2., Specifications taken from "Textbook of Mechenical Enginearing"
Officisl copy,
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not of much uss to the foundry.

3. A dryine-oven for moulds and cores: This is an essential

part in the foundry. In making cores, the matarial is rammed up
damp, clay-water baing used to pive the renuired cohesion, The cores
are then baked in the corsa oven.

A design of a core oven is shown in figure 7. The drylng-
gven doors are flush with the wall, and ths drying-oven bullt ont

a5 aAn snnexa .

e Urew

FMipure 7T

4, A corg-maker's hanch: Cores are usad in 2 mould to pravent

moltan metal from flowing into pleces required to be hollow in the
finished casting. They mey ba of anvy required shape, For this, a
gore-maker's bench is provided, snd the necessary tools should bae
supplied,

5., A fettler's bench: Fettlins consistz of the removal of

fins, r™unners, risers, and sand from the casting, =nd ganerally
¢leaning it up. The runners are gometimaes hit off with a hammer,
but when this is done care should be tnkan te sees that the adjoining
portiong of the casting are not damaged, In the case of brass

castings and thin iron castings the runners must be sawn off. The
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wurnt sand is remaved by a wire brush or sealing tool, but & sand
hlast is preferable snd iz provided.

5a Emery wheel: The irregularities =re chippad off or

sround off on the emery wheel,

i i 8and mixer ¢ To obtain & good composition of moulding

sand, a sand-mixer is used and will prove to ba of great halp,
Castines should be dsliversd to the machine shop free
from sand When sand is smbaded slipghtly in the surlace, machining

ie extremaly difficult,
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CHAPTER IV

Matal Working Shop

Maghine tools for working on matsl are designed to perform
the same operations as hend fitting, Strictly spesking, fitting is
the operation of reducing accurately by manuwal work a rough cesting,
forging, or other plece of metal to the required shepe and dimensions
by the removel of the surplus metal, but the term covers various other
pparations such as assembling parts and adjustments to enginea apd
machinery,

Machine tools fell into three main cateporiss -

l, Those employing tools with one eutting edge conly, Examples
are lathes,boring machinea, planers, shapara, and slotters,

2. Thoze employing a series of cutting edres. These include
all types of milling machines, broaches, drills, &nd reamers,

3. brinding machines, using wheels of emery, carborundum, eto..

The practice followed in machine shops as for exsmple the
speed of metal removing or depth of cut, will not be studied in this
chapter, Lecause these facts heve no influsnce on the lay-out itself
end require a long discussion which is bevond the scope of this study.

In selscting the eguipments of & machine shop, two facts
are considered. First, the necessary tools sre selected, and second,
the mechines using these different tools for the different operetions
on metal are considered.

The stondard tools must include El]

1, A complate sat of tocls for mild steel
2, A complete set of tools for cast iron =nd tool stasls
3. A complete set of tools for brass
The sugrested equipment lor a machine shop given by Frad

H. Colvin in his book "Starting 2 small Mechine Fhop" includes:

——

1, Taken from "Textbook on Mechrnical Engineering®, official copy
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5 Drilling Machinag: Bench - 1 high-gpeed (10,000 to

20,000 v.p.m,) for drills up to L/8 or 3/16 in, Une slowsr speed
for drilis up to 1/4 or 3/8 in.
Floor machine - capacity up to 1 or 1 1/2 in, holes
Portable motor drive - to cerry 1/4 in, drills
2, Lathes : 8 to 12 in, swing, If two lathes, one B and
one 16 4in, One should have taper attachment. Motor driven tosgl
post grinder (or tool block grindear) to be used on lathe, shaper,
or millinz machines,
3. Milling Machine t Hr 1 or Nt 2 universal, if possible,
an account of variety of work it cen hendle, such =s emergency gesr
cutting.
A Tan Norman type mechine with universal head is very
ugeful. A bench-type miller is good for small work.
L Jhapert An 18 or £4 in, stroke mechine wlll hendle a
wida variety of work,
5 Plaperst Upen-side types a2s they can hondle 2 mach wider
varisty of work then the double housing type.
5 Slotters: Crank or hydraulic-driven, Some kindas of work

con ba done on sither slotter or vertical miller.

I 0 Waldinz and cutting equipment: Should include both

- o pe—e

oxyacetylane and arc machines,

However, some of the machines listed above, will not be
naaded in & schosl shop equipment. For instance, slotters are
mainly used [for lecomotive freme or similar work. Other operations
requiring planers can be performad on &n =ngine lathe, For that

reason, the ejuipment as shown on the plan will consist of the

following ¢
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1. Bench lathe : The lathe should naver face windows, For
o

that resson it is placed at 45 angle to windows, M elearanca of 2

meters is sllowed 25 shown on plan for feeding work through thas head

stock.
o

248 Engine l=athe: The engine lathe is also plsced st 45 to

windowa, A clearance of 2 maters i= also allowed for fasdins work
through the head stock,

The lathe is & machine tool designed originally for turn-
ing eylindrigal work, A stendard sliding, surfacing, and scraw-
cutting lathe can be used without any speciel sttachmants for:

2, Turning cylindricel work
« Turning taper work

c, Boring coylindriecal 2nd taper wWork

d., Orilling, reaming, and tepping holes.

e, Formed work that ecan be ent with 2 formed teol,

P Faging work that cen be hald on a face-plate or sngle<plate,

E. Cutting serews internal a2nd external of any desired form

and piteh

Also with some spacial attachment, the lathe can be made
to pfr;arm a wide variety of work,

3., Milling machine: Thia is on= of the moat importent machines
in the shop. It is placad at dﬁn angle to windows, Chip guards are
neadad for asafety.

Milling cutters gperate upon the principle of the fly-cutter,
b simple milling cutter is 2 cylinder having, upon ite circumfersncas
2 number of teeth, or cutting edpes, upon one snd of thes eylinder,

In operation, tha cutter ia made te revolva at & uniform spasd, This

motion produces the cutting action, =o that the cutting speed ig the
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rroduct of the revolutions per minute and the circumferancs of the
cutitar.

Each adpz of a2 circumferentially toothed cutter is in
agetion durdng only s smell portion of & revolution, and then complstes
the revolution frealvy, while tha other taath in succession are operat-
ing upon tha work. In nearly ell milling operations the work,i.e,
the objset which is being worked upon, is fed slowly and continuousaly
towards the cutter, and in a direction opposite to that of the cutting
movemant of the testh.

4, Tool Grinder: In fixing the position of the grinder, one

{mportant Tact must be kept in mind., The grinder should never ba
locatad near Finishing or polishing operations, On the other hand,
it should have a good artificisl light and for safety precautlons,
the erindar whasls must heve puard,

Bvery grindins machine ¢an be coneldared 23 8 milling
machine in which en shrasiva wheel tzkes tha plsee of a2 milling cutter,
An abrasive wheel mey be comsidered ms a milling cutter in which,
instead pf s faw =teel cutting edges, many thouesands of small cutting
edgas haye baen substituted, =ach consisting of the point of an
sxceadingly hard erystal, each crystal being embedded in » matrlx,
formad into the shape of the whasl,

In consequence of the small size of the ecutting points, and,
therefore, tha =m=ll cut made by each one, very high cutting speeds
ara possible. The extreme hardness of the cutting points enablas
work to ba carried out upon msterisl which no stesl tool could cut,
Grinding is tha only method of mschining hardened steel,

0
5. The shapar: The machina is placed at 45 angle Lo windows,
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No other precautions nead be considerad, The ram on some shapars
gxtends beyond the basa of the mechine on the hack stroka,

Shapers ara straight-line cutting machines in which the
tocl is moved to produce the cut; carrled by a ram, which is driven
by a rack and pinlon or with revarsing gear, giving a suitabls
forward speed for the cut and s auick return,

6, Drill Press: As shown on the plan, » clecrsnce of 2

meters radius. 180, for handling shests and rods or ships is allowed
for, around thes drill preass. OUn tha other side of the machine, a
clearance of 2.5 meters is left for the belt fnd motor adjustments.

In this machine, the drill is normally cerried in a
vartical revolving spindle, while the work rests on 2 horizontal
table., There are two principal types:

&, Filler drilling meshines, in which the spindle is carried
by a fixed arm, and can move vartically to feed the drill into tha
waric, but has nc lateral traverse,

b, fadiel drilling machines, in which the spindle iz garried
by a saddle, which slides alongz a radisl arm,

For light work, tha first type is to be prefarred bacause
the radial type is heavy and expenziva,

T. [Power cut off saw: The distance from the wall 1= made

3,5 metars to allow snourh clearance for stock feed, Planty of

Work ares is left for the operator, The mechine itself is placed
o

at 45 anple to windows,

8. Presg brake or power shagr: The power sheay mechine is

allowed 2 clearance of 2 meters for handlins shests stock and 1is

o
placed at 45 =angle to windows,



9. The walding equipment consists of oxvzcetvlene and are
mechines and is placed in a seperats room easlly accessible from
the metal working shop. In this case, the are produced will not
be a source of trouble in ths main shop.

Having salacted the mechinery for the machine shep; the
power to drive this machinery will be studied now,

The powar required to drive any machine ¢en be obteined
from it= maker, or failinr that, an examination of the driving
arrangements will ususlly afford sufficient guide, & rough rule
given by Kent's Hendbook is 1 H.P. per in, width of belt, for single
laather belts up to 3 in, wide,

The power required for a given machine will depend on
whether gerbon gteel or high-spasd gteel tools are to bo used, and
in the latter ¢case alaso on wWhether the design of the machine will
permit tha tools to ba used at thelr maximum cuts and speeds,

Small machines fraquently do not allow for tha maximum
cuts with high-speed tools, the reason baing that the work dealt with
in thaege machines is usnally too lisht to stand the =train,

The following tnhl? taken from the "Texthogok of Machanical
Enginsaring” (officisl copyl, pives suitable powers for various
machinea, the minima being for old-fashioned light machines using
carbon steel tools, and the mexima for modern hesvy duty machines

with hirh-gpeed tools.

Lathes, B-in centre 1 - 58.H.F.
Lathe, 12-in centra 2 )2 ™
Planer, 2 fest X 2 feet 1i-5 ™"
Planer, 5 faet X 5 faet 15 =20

Shaper, 12 in stroke 5.8 &
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Sansitive drill, taking 1 in,diam, 1 - 2 BHP
Radial drill, taking 2 in,diam, Bl -
Gylindrical grinding machine,B8 in,swing 2 -g ™

! ! " 18 4n.swing 5 =15 ™
Surface grinding machina,12 in,whesl 15

Althourh this tshle doss not include the necassary inform-
ation for all the machines sslected, it is 3 fact that from it and
from other considerations, the total moximum horas-powar for all the

metal working machines in the shop ean be estimated,
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CHAPTER ¥

Woad-working Shop

The woodworking shop has two important functions, In this
shop are carrisd, first, the different oparationz on wood; and second
the constructlon of petterns to be used in another part of the
"Machine Shop Laboratory”.

Thase two operations reguire the same equipment, but the
presance of patterns mekes it obvious that s pattern storags room
is neaded with some other accessories,

In the fellowing peragreoph, the differsnt machinea used
in tha woodworkineg shop will bs gonaidered and a brief deseription
of their way of working wlll be given:

) o Circular Saw: The circular saw is locstad near the

lumber rack, Lengthwise sn allowence is mede for pross-cutting
long boards, Parpendicular to thet dirsction, an allowance is
msada for ripping long boarda,

The circulsar =aw iz secured to the revolving spindle of
the =aw bench by means of a nut. A steady-pin is provided to prevent
the saw from revolving on the spindle. The sew has a cantral hole
for tha spindle to pass throusgh, =nd a steady-pin hole. The spindle
and steady-pin must be a good fit in their respective holes in the
=AW,

2,  Band Saw ! Hhs shown on the plan, an allowance of 2 meters
iz made on ona sida and perpendiculer to thet, the path is kept clear
to allow for big work,

Band saws have the adyentage over circuler saws in Ghat
they remove less woodj their ralative thinness, howsver, leads to

mora frequent demage to thelr comparativaly weak teeth, This
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muchine econ work with bande frem 1/4 in, to 2 in, wide. The saw
pulleys are faced with rubher tyres cemented to the rim, The top
pulley can be edjusted by a serew, so that ths saw can be made to

run on any portion of the rim, The tension on the saw is obtained

by & splral spring, & handle varies the distance hetwaean centars,
and enshle=s saws of sliFhtly diffaraeant lengthe to be used; thig allows
for breakages., A rollar puide, s#djustable for height, takes ths
thrust of the saw while cutting. The saw is guided through a wooden
mouthpisce, but ne preking is used. The table cen be tilted for skew
cuttinzg. A brush, clzaers away chips from the rim, It is dasgirable
also to Fit wire gusrds over the top and beottom pulleys,

i Scroll Saw: The wall should not be hehind or to the IIEF,'L

of the oparator, No other sllowesnces nead be considerad.

The serall saw ie used ghiefly for cut-cuts that eannot be
mada on band =2aws; and is much less costly than band saws. It is
apacinlly helpful for curved outline, .

4, Wood Lathe: This machina ia placad at ¢5u angle to windows,
and at a distance of 30 cm from the wall ag shown on the plen. The
light should coma gvar the operator. The shop will contein two of
these machines, due to the waristy of work they can handle,

The lathe is an exgeedingly versatile machine, turning
rouynds #ad polygenal sections in almost every conceivable combination,
Cutter knives are mounted on 2 cutter spindla or asrbor in the raar,
and revolve at high spesed, All knives ars mounted on the arbor
whether lor square, round or hexsgon cuts,

5. Orinder: No precautions need be taken in loceting the

grinder, Other machlines may be plose to it on either side,
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The wood grinder 1= similer to the metal grinder in its
waey of consgtruction, But here, the abrasive wheel need not bes made
of as hard 2 materisl as lor metal work, Wheel guards are a safaty
pracaution and should be used if possibla,

6. Shapart It 1s one of the oldest types of machines, Tt is
still important in woodworkling although meany of its functions have
haen absorbed by more spacislized machines, As shown on the plen,
the path running from laft to right of the operator, scross the machine,
{s kept clear. OMn allowance of 2 maters is made bevond, to the left
and rirht of the operator,

Tha shaper conslats essentially of & large [lat matal tebla
with & wvertical spindle; driven from below, extending up through tha
center of the table, Revolving cutter heads, mounted on the end of
the spindle, accomodate & variety of knives for & wide range of cuts,
Solid heads may be mounted for long runs, The shaper is esspscizlly
ugaful in re-sntrant curves, octapong and other odd contours not
guitad to mechines designed for rectilinear or e¢ircular cutting. Small
moulding, {lutings, both stralght and curved, and many edge and end
cuts can be made on A& shapar.

T. Jointer: The jointer should be locsted near the eireulap
saw, Lensthwise an allowance is made for long work. The mechine is
placed at & distance of 1 meter,at least, from the wall,

The cutting mechanism of a jointer consists of a catting
head which revolves at & high-speed, Edged jointing is the pre-
dominant function of the jointar., The Jjointer is provided with & high
fence to permit it both to square and trus tha edge,

B. Drill Press* Tn locating tha drill press, care is taken to

allew 2 elearance of 1 mater on both sides of the machine for long werk
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The l=mp is placed over the machine and to the left of the operator,

The drill press is similar to that used for metzlworking.
Tt gonaists of a drill which 1s garriad in 2 verticel revolving spindle,
while the work rasts on a horizontal table,

9. Belt Sender: An sllowance of 2 metars in both directions

is mads for long work. The daylipght should coma from beyond tha
operator and to his left.

10, Dise Sander: Hare 2lso the light comas from beyond and to
the left of the opsrator. An allewance of 1 meter iz made at the
rieht and st front, supposing thst the grndar runs clockwise,

The sanders are used in finishing operatiocns. They sive to
the wood a smooth sorface. The belt sander hes & 6 to B in, endless
sandpaper belt ruaning clpockwise on two 18-in, pulleys. In the over-
head type the work table, moving on ways toward and away from the
operator, is below the lowsy halt, and the emooth side of the paper
i5 arainst the pulley, The work is held on the table by stope at the
left and an edre clamp at the right.

The mazchines listed above form the sguipment of the wood-
workings shop. Smell tools which were not described and which are
indispsnsable in the shop will be placed on racks or shelves,

Tn connection with this chapter, some parsgraphe will be
devoted to wood preservation.

Praservatives that lenpthen the life of wood exposed to
decay or attack by insects or marine borers arat

1, Preservatives of an oily nsturs, relatively Insoluble in
water

2y Salts injected into wood in water solutions. £
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ﬁ_ Taxle constituants in a3 voletile solution other than water
4, Pipra ratardent wood trestmants
An intelligent selection for a particular service grestly
prolonzs usefulness of wood, with excellent ultimate economy,
When natural or machanlcel seasoning is impracticeble,
gresn timber is pre-conditioned. This consists in plaging tha wood
in ovens for A certain time, In this case, the drving oven of the

foundry can be used satiafeectorily.
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CHAPTER VI

Machina Foundations

Generally, Poundstions are used to distribute the weight
of @ structiure on a lsrger area and thus prevant the ground from
yielding.

It is of course true that no qfﬂund can be found so absolute-
1y solid as not to yield somewhat when the weight of the structure is
put upon it, and, therafore, we must not expect to wholly pravent a
gertain smount of sattling, but we should use all possible care to
hsve this settling as equal as possible ovaer the whole ol the fonnd-
ation.

In the cege of the foundations for machinery, the guestion
is guite diffarent, Here not only the weight must be sustained but
the nuastien is complicated by the jara, stralns, and shocks= dus to
the oparation of ths machines; and this must alsc be considered.
These vary largely in different coeses, as for instence, the steady
revolutions of =n engine lethe, the reciprocating motion of an enpgine
and the vertical conoussions of the steam hammer,

Tn other words, all machines when st work, have unbalanced
forcas which tend to give them sither vartiecal or horizontal move-
ments. Foundations are resuired in order to restrain this movemant.
Usually the sizme of the foundation is determined by the manufacturers
of tha machines from their knowledge of tha unbalanced forces and,
to & certsin extent, by expsrience. Conseguently, the meker's founda-
tion plans should be raquired and carsfully worked to.

The fmet that the unbalanced forces within the horiezontal
machine are usually sreater in the horisontal direction makes it ob-

ripus that great care has to be teken to pet a good solid Foundstion
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blogk, but although the vertiecal meschine produces less strain on
the foundations, it is =qually important to have the same solidity
and homogeneity,

An insufficient foundation 4s ususlly a continual source
of trouble, which; if not remedied, eventuzlly resulte in costly
repairs to the machine. Also, in sddition to the risk of unsqual
sattlamant and fracture of tha foundstion bloek, there is always
the dangar aof excessive vibration baing set up in the surrounding
soil, which may ceuse demsge or annoyance, and which constltutes
g public nuisance,

As to ths choice of material, a reinforced concrete block
{s best for foundations snd ie praferable to ordinary building bricks
which were used verv often before. The best quality concrete should
ha used, Also before deciding on the dimensions of the foundetions,
tha nature of the soil should alwaye be considered,

The method of constructing tha2 machine foundations which
is ganarally followed will be describad nit{ The necessary excava=-
tion having been made, the position of the holding-down bolts is
located by means of sfuare wooden boxes, large snough to enable the
holding-down bolts and plates to ba put into position after the
concrete hes set and the boxes removed,

The boxes should be attached to a template to pravent any
movement while ramming in the concrate, Depth of bolt holes should
ba sufficiant to 2llow bolt to drop in, to c¢lear the top of the bed.

Thin wires mrs attached to the thraadad portions of the bolts and theh

1, Deseription taken from "Texthook of VMachanicel Enginsering”,
officisl copy
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passed through the holes in tha machine bed. The bolts may then
be pulled through when bad is in position., All bolts must hang

vertically.

For machines not li&ble to sevare vibretions in a vertical
direction, it is satisfactory to use boxes with parallel sidas.
Frovided the concrete is cleasned and rourhened after removing the
boxes, the parallel sided plug of cement formed by grouting in the
bolts will hold firmly.

ks en additlonal safepuard in the case of machines sub-
Ject to severa vertical vibration, the boxes msy be tapared, tha
larger end being downwards, The construction of the tapared boxas
is shown in fipure 8. Providad the width at the bottom is not
greater than the diaponzl of the top opening, with due allowsnce
for the thickness of the bLoards, the sidea can he knocked inwspda,
twisted to the diegonzl position and Withdrawn, lhe proporticns

shown provide the nescessary clearanca,

Fig, 8- Foundation Block
dhowing both bolt & boxes
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The boxes should be gressed or soaped on the outside to
prevent tham from stisking to the conerste, Lhey should rast on a
wiock of wood (which can be left in the foundation) to prevant the
copcrete rising up in the box.

The concratea cen now be put in and well rammed in the
usual way. When the foundation is completed, several days or waaks
should eslapse before placing sny heavy waight on it, se that it may
be sat uniformly, The bolt boxas, howaver, should be removed immads-
j{ataly: the concrete has set sufficiently to stand.

Then the holdine-down bolts #nd plates can be plecad in
nosition, and the machina put on its foundation., The mechine must
then ba carafully levellad up by inserting thin iron wedges under
the bed, using 2 spirit level. The nusts can he screwed on the bolts,
and the bolt-holes should thaa ha filled with a grouting of one part
cemant and two parts sand, being made thin so thet it flows easily,

Foundations for mechines subject to considarahle vertical
shocks, such 2s steam hammers, and the like, must be treated in an
entirely diffarant manner, Such & Toundatiom, unless properly made,
would sdon be gpoilad by cracks snd disintigration rom the shocks,
and serious consequences to the machine m%mht ansue.

Typical drop-hsmmer foundetion is shewn in Figure 9

e, 0ivan 1n rent's "Machanicel Engineer's Hendbook
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Figure 9
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CHAPTER VII

Vibration & Noise Control

With this chapter, it is important to state that tha methods
of raducing vibration and noise are given the prime importance. The
mensurements and the experiments agcomplished on wvibration and noise
are beyond the scope of this study, Neverthsless, the nacessary
dafinitions for the underatsnding of the remaining part will be given,

-+

I, Vibration Prevention ¢

Of' the several methoda of attack in vibration reduction,
the particuler method or methods adopted depend on the individual
problem, Briefly theass mathods arae:

1. GHemoval of exclting causa- This, when possible, is most
satisfactory. Unbalsnce in rotating machinery is a common source of
trouble. In rigid rotors it can be almost completely eliminated by
balance welpghts. Gear tooth frequency noises is best avolded by pre-
glsion in manufacture.

2. Tuning is mpplicable only when vibration is digtinetly of
rasoneant type. Hesonant vibrations usually ars excited by a2 realative=
ly smell stimmlus, which hzppens to be in step with a natural wibra-
tion frequency. The tuning of steam turbine wheels is =n exsmple,
alse the avoidance of shaft eritical speeds through selection of
proper dismeter at the operating spaed.

L3 Elastiec suspension! Tha function of elsstie suspension 1s
to isolete a powerful forced vibration so that it cannot be trans-
mitted beyond the vibrating piece of spparatus. This is not & friction
damping process. Springs do not sbsorb vibrations throush damping,

but ara aften 2 very affective mesns of preventing transmissiom.
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Elsgtic suspension methods are much used to suspend nolsy
machinary, ete.,, but there is atill much ruasework in thier aprlica=
tion. An incorractly da=igned elmstic suspension mey do more harm
then zood, The design of & good suspension is not slways sn easy
matter and often reguires knowledge of vibration vprinciples as well
as pypariance,

4, Damping, orreduction of vibration amplitude throush action
of friction, iz & cure for rescnant vibretions only. Forced vibrat-
{ona are apt to result from powarful exciting forces which are not
mach reducad by spplication of fricticn devices. Sheck absorbers
uwsad in vehicla suspension are typical friction dsmpers which limit
tha arplitude of resonent vibrations excited by rosd irregularities,

In goneral soms mAachinery can be isolated by mounting on
a comparatively flexible floor frame, elastically suprorted on the
golid floor below. This prevants the transmission of rumbles, grind=
inF noises and hums throurh the building, to radiate sound from panels.
Sprines or rubber pad suspensions used at intervals of sbout 30 em.,
depanding on ﬁﬁe floor load, will parform well, steel being more
parmanant. The Tlooring should yis=ld perceptibly, say 0.25 cm, under
machinery load.

Machinary ramiirineg exsct aligpament, as an sccurate lathe,
cannot be placed directly on & flexible floor, but must be sef on a

ririd, sprins-supported platform.

II. loise Contrel:

Yoise control is meaningful only in its relstion to pecpls.
Sound topether with hest snd licht, i= one of the braic physical

phenomena that determines the environmant in which we live.



Human baing hes remarkable properties of adaptation and
the question is not how much noiea can we stand, but rather how much
should we be expected to toleraste or fnd normally acceptable undey
a particulsr circumstance. Given adejuats motivation, we can tolerate
almoat snything, within vervy wids limits, But bavond some ressonabla
limit we must exert axcassive compansetory effort,

Hefore proceeding with thie discussion 1t 1s necessery
to define hare some tarms usad in that articla,

Decibel: a logarithmic unit 2xpressing the ratio of twn
quantities, or the messnitude of ona quantity with respect to a anaci-
I'led reference marnitude., The degibel by it=elf i= not an ahsoluta
measure of anything unleses agsooisted with = particular quantity and
a particuler reference.

intensity: the amount of =ound enargy falling on 2 unit
2res par unit time, rapreasanted by I

Intenaity leval: is siven by IL=10 lop I,f{-a‘“'

Transmission coefficient: (7 )r tha fraction of incident

energy that is tranamitted throuzsh a barrisr (wall, floor,window, ete, )
iransmiseion losa: (TL )} in decibels : TL = 13 log {’ﬁ}]
Noise reduction: (N.R.} in decibsls NR = 10 log ()

= ]:L."" IL_‘_
ig the difference in sound level betwaan

LWo sperces or conditions,

Briefly, the effscts of noise on people can be divided into
three gpeneral clossas: (&) Physiclosical effeets, (b) damage, and
(e} psychological affeets. &ven these three ara not complately

independent of sach other,




When wa increase the noiss lavals about 130 db,, demags
to our hesring mecheonism oceurs, Frolonged high levels bring om
permanent deafness, Holse Trom machinery varies with power, speed,
type of mechaniem, mounting and even the state of repair.

loise eontrol in buildings is achiesyed by mesne of (1) proper
planning, to segregate sounda, (2) proper design and detajiling of
structures, to block affactively tha presage of =sounds, and (3) proper
atilization of finishes and Turnishings to absorb =sound. Sagregation
reduces noise bty putting the sourece farther away; insulstion reduces
nolse by prasenting # barrier agpinst its passage, and sbsorption
radiuces noise by drasining off sound ensrgy. Thase thres technigues
ara based on distinetly differsnt phvsical principles.

Sound ie transmitted through a well by sir pressure oscilla-
tiona produced on its farther =ida by lssksge, or mors commonly, by
pscillations produced by vibrations of the wall itself, Llhis l=tter
phenomenon usually occurs regardless of the prasence of the former,

In general the transmission loszs | TL) incresses ag the
barrier becomes heavier and more complex, as shown in fisure 10.

Unfortunstely the cost also genarally increases, so that
aoconomic compromisss often bscome necessary,

The conclusion is that we need for ths "Machine Shop
Laboratory" walls of low trensmis=sibility. A double wall is more
dasirable than a single wall, being cheaper and less maseive for the
game transmiasion loass, A comparatively rigid skeleton of ordinary
5 X 10 em, studding should be used, with inner snd outer walls hung
from it by spring connaections. These walls are generally made of

gelotex or similar material, ! thin laver of plaster-lika reinforcemeit
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is helpful. Oesides adding mass, it dscreases porosity, which is
an advantage, The celotex mey be reinforced by thin shest 4ron,
Sheat iron must not ba used without celotex, s= it is subject to
'e30nsnces,

opring connectors eliminate the bridging effact of
studding, which results when the walls are directly neilasd to it
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Such a wall has an air spece of about 12,5 om,, whiech is fair
specing.

This kind of wall i= lass expensive then 2 heavy masonry
wall and has mn edvantage ovar it, in thet it hee a greatar effect

O resonances .
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