SECTIONA (ANS- 1)

i) Mechanical & strain gauge dynamometer ii) | Flank

iii) | Heel iv) | Feed

v) | Lower cutting speed & smaller feed vi) | More rapid

vii) | Higher cutting speed & fine feed viii) | Cutting force & cutting speed
ix) | Dressing x) | Correct

xi) | brazing xii) | Correct
xiii) | Slow speeds xiv) | Decreases

xv) | Stellite xvi) | VT" = Constant
xvii) | Sulphurised mineral oil xviii) | All of the below
xix) | Increases xx) | Larger
UNIT I (a)

A cutting tool (or cutter) is any tool that is used to remove material from the workpiece by means of shear deformation.

Cutting tools must be made of a material harder than the material which is to be cut, and the tool must be able to withstand

the heat generated in the metal-cutting process. Also, the tool must have a specific geometry, with clearance angles
designed so that the cutting edge can contact the workpiece without the rest of the tool dragging on the workpiece surface.

The angle of the cutting face is also important, as is the flute width, number of flutes or teeth, and margin size. In order to

have a long working life, all of the above must be optimized, plus the speeds and feeds at which the tool is run.
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UNIT I (b)
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UNIT I (¢)
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UNIT 1I (a)
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UNIT II (b)

Selection of cutting speed is based on making the best use of the particular eutting tool,
which normally means choosing a speed that provides a high metal removal rate yet
suitably long tool life. Mathematical formulas have been derived to determine optimal
cutting speed for a machining operation, given that the yvarious thme and cost compa-
nents of the aperation are known, The ariginal derivation of these machining economics
equations is credited to W. Gilbert [10]. The formulas aliow the optimal cutting speed
to be caleulated for two objectives: (1) maximum production rate, or (2) minimum it
cost. Both objectives seek to achieve a balance between material removal raie and ool
jife. The formulas are based on a kuown Taylor tool life equation for the tool used in the
operation. Accordingly, ferd, depth of cut, and work material have already been set. The
derivation will be illustrated for a turning operation. Similar derivations can be developed
for other types of machining operations [2].

Maximizing Production Rate For maximum production rate, the speed that minimizes
machiving time per production unit is delermined. Minimizing cutting time per unit is
equivalent to maximizing production rate. This objective is important in cases when the
production order must be completed as quickly as possible,

In turning, there are three time elements that contribute to the toial production
eyele time for one part:

1. Part handling time Ty,. This is the time the operator spends loading the part into the
machine tool at the beginning of the production cycle and unloading the part after
machining is completad. .

2. Mackining thme Ty, This is the thme the tool is actually engaged in maehining during
the cvcle.

3. Fool chonge thne T;. At the ead of the ool life, the tool must be changed, which takes
time, ‘This time must be apportioned over the number of parts cul during the tool life.
Let n, = the number of pieces cut in one tool life (the number of pieces cut with one
cutting edge until the tool is changed); thus, the tool change time per part = Tilrigp.

The sum of these three time elements pives the total time per unit product for the oper-
ation cyele:

L= T + T + - (24.4)
p
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where T, = prodaction cycle time per piece, min; and the other terms are defined above,

The cycle time T, is a function of cutting speed. As cutting speed is increased, T,
decreases and T/n, increases; Ty is unafiected by speed. These relationships are shown
in Figure 24.3,

The total time per part is minimized at a certain value of cutting speed. This optimal
speed can be identified by recasting Eq. (24.4) as a function of speed. It can be shown
that the machining time in a straight furning operation is given by

. abi \
Ty = = {(24.5)
1 '
where T, = machining time, min; D = workpart diameter, mm (in); L = workpart length,
mm (in); f = feed, mm/rev (in/rev); and v = cutting speed, mm/min for consistency of
units (infmin for consistency of units),
The number of pieces per tool #, is also a fanction of speed. 1t can be shown that
T ,
Hy = o (24.6
where T = tool life, min/tool; and T, = machining time per part, min/pe. Both T and 7,
are functions of speed; hence, the ratio is a function of speed:

f@lin
fp 22—
© o mDLaplin-

The effect of this relation is to cause T)/n, in Bq. (244} to increase as cutting speed
increases. Substituting Eqs. (24.5) and {24.7) into Eq. (24.4) for T, we have

(24.7)

zDL . T{rDLyY=1y
F FCUn

The cycle time per piece is a minimum at the cutting speed at which the derivative of
Ex. (24.8) is zexo:

=T+

(24.8)

kg

dv




~ Solving this equation yields the cutting speed for maximum production rate in the
operation: . - .
. . 2w . G

Vinay == mr——""T"=F
620
A ;

where Vg, 18 expressed in m/min (ft/min). The corresponding tool life for maximum
production rate is

249) -

Topa == (i - 1)1';’ : (24.10)

Minimizing Cost per Unit  For minimuom cost per unit, the speed that minimizes pro-
duction cost per unit product for the operation is determined. To derive the equations for
this case, we begin with the four cost cornponents that determine total cost of producing
one part during a turning operation:

1. Cost of part handling time. This is the cost of the time the operator spends loading and
unloading the part. Let C, = the cost rate (e.g., $/min) for the operator and machine,
Thus the cost of part handling time = C, 7},

2. Caost of machining time. This is the cost of the fime the tool is engaged in machining,
Using C,, again to represent the cost per minute of the operator and machine tool, the
cutting time cost = C, T}y, .

3. Cost of tool change time. The cost of 100l change time = C, T/n,.

4. Tooling cost. In addition to the tool change time, the tool itself has a cost that must
be added to the total operation cost. This cost is the cost per cutting edge €, divided
by the number of pieces machined with that cutting edge . Thus, tool cost per unit
of product is given by Ciin,.

Tooling cost requires explanation, since it is affected by different tooling situations.
For disposable inserts (e.g., cemented carbide inserts), tool cost is defermined as

I
C = ;é (24.11)

where C, = cost per cutting edge, $/tool life; £, = price of the insert, $/insert; and n, =
nurnber of cutting edges per insert. This depends on the insert type; for example, triangular
inserts that can be used only one side {positive rake tooling) vield three edgesfinsert; if
both sides of the insert can be used (negative rake tooling), there are six edges/insert;
and so forth.

For regrindable tooling (e.g., high-speed steel solid shank tools, brazed carbide
tools), the tool cost includes purchase price plus cost to regrind:

a=L11q (2412)
g

where C; == cost per tool life, $/tovl life; P, = purchase price of the solid shank tool or
brazed insert, $/tool; n, = number of tool lives per toel, which is the number of times the
tool can be ground before it can no longer be used (3 to 10 times for roughing tools and
10 to 20 times for finishing tools); 7, = time to grind or regrind the tool, min/tool life;
and C = grinder’s rate, $/min.

The sum of the four cost components gives the total cost per unit product €, for
the machining cycle:

ok, G

Hy Ay

’g@: == C@\ﬂ + ﬁ*‘@?‘m +

(24.13)
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C. is a function of cutting speed, just as T is a function of v. The relationships for the
individual terms and total cost as a funetion of cutting speed are shown in Figure 24.4.
Equation (24.13) can be rewritien in terms of v to yield:

L GorDL (G T, + C )DLy /")

L’G == ‘L"S?}ﬂ fv f{:g]!n

(24.14)

The cutting speed thal obtains minimum cost per piece for the operation can be deter-
mined by taking the derivative of Eq. (24.14) with respect to v, setting it to zero, and

oo, i 2415
limn (1""" B C@Ew%,fj;) {- }

The corresponding tool life is given by

; 1 (Col + €
T ; 24,
. (rz 1) {s Co ) (2416)

1
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UNIT I (a)




>
\ ' T = P =~
mﬁ@%mm@"’wwm /{"ﬁww"éu O
i adl T ‘/)M ) TN e cban Co Tl #‘"Cao'v‘u y PO e R
ot Arieen~ Aoel st

o) e Aot s

Oo’.\;t'(k\',( ce -
*

I @ p’“\cn""“ Arebiicen P ard C

CL\..“‘/?‘) P,f(44‘0(', X

16’\;‘ b‘ncm (y\/\r\l;va )'yb-éﬁ ces

F‘mcﬂx\"‘/"éa

P @ ST O /V\AMC«/\,\A/;« tte RO
a~ral Py N et TUI€ e Mlﬂ(mt:;-ﬂ .

@ T e ACnpast ool (/ib‘ P
“(}ﬁ W”D WO v P ey pretrl
< S CW

COO’\.L/(L«‘D .
@ <¢o /r»c«,u'o(-i yosw e codror wik e r _/,,?u/—v’?‘wo
Lou~Areny) PANERUIN P
W’\Wva ,:z,é,é/ A pocdiie At oo
> SR o -6

@ . W .ngo ancle ot
punh o~ —e Lot Ao ,};"Lt/%e/v\— 1
- ’ o~k co\j/vu/)"f'wl,_/vh.,

Lot O Ges oy ¥’ =
@D - <To etk s B 0 Lo i)
@ 7 /0o (u,\ru'cl (Cmo«:a,;\/ww A4 N f,ou«w‘-—’ P>
i b-/\M(/(, "'”1" M} M p..&.zuo




L e O /Ml

g filom (40 . oA T

< 2:*”(' ﬁ"/\ W&( JAMM /?‘OMMA Conrumprlm
B 9 aherts, 6772 D000, pteonnnt B #

.-&9 L AHoCt= o
N ~(’“C. \?L Ve pdotder

@ 9/{‘ 'W“'L"( he aro1 (e ror

@ q/"f)’I’bQ,uuM be W’Y‘\%?L(‘C ,{7‘ Q/AZAW% /76me(/('
@’\, # otreld hare  fowo (L»\,'aco«h‘/% To frer~ X Gt flono
e Ma braped

B)  Of douwtrt e atbd i st asd OGS B
46 COO"'I/C (.A‘J‘-« <

co

@ 9’" Glhe~ld he /)(Léﬂ ﬁa/LZ‘(u./a«
aﬂ‘\A a,(u'a@,,/vt j\a/Dttaah o

UNIT III (b)
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UNIT 1II (c)




5.39. TYP ING TO Ls

The following materials are commonly used for manufacturing the cutting
wols. Selection of a particular material will depend on the type of service it is
expected to perform.
High Carbon Steel,
High Speed Steel,
Cemented Carbides,
Stellite,
Cemented Oxides or Ceramics, and
Diamond. ) £ =G 1 T _SL'T c.llc-_ 0.(’" lV‘n = - !(5(7; v
1. High carbon steel. Plain carbon steels having a carbon po u.uuagc as ’
high as 1.5% are in common use as 0ol materials for general class of work.
However, they are not considered suitable for wols used in production work on
account of the fact that they are not able to withstand very high tempcerature. With
the result, they cannot be employed at high speeds. Usually the required hardigss
is lost by them as soon as the temperature rises o about 2007°C - 250°C. They

are also not highly wear resistant. They are used mainly for hand tools. l]u.y are,

owev csscostl, il for le and easy ltrel J< ks [
&w\du‘ y eas y % y - I;V“;AL :&n c:;w.n’,&l

High '{-nrl\nr{ e eSS Aind 10 be more effecuvc th

S rOIT SRR 220 e A 1A

R

high wbon steels. These steels, in addition to the carbon content at par with thal
in the plain high carbon steels, are provided better hot hardness, higher impact
resistance, higher wear resistance, etc., by adding small amounts of tungsten,
chromium, molybdenum, vandium, eic., which improves their performance
considerably and they are able to successfully operate upto cumng u:mpcmlures
of 350°C. . .
2. High speed steel. It is a special alloy-sieel which may contain the alloying
elements like tungsten, chromium, vanadium, cobalt and molybdenum, etc. up
25 per cent. These alloying elements increase its swength, toughness, wear
resistance, cutting ability and ability to retain its hardness at elevaled wemperatures
in the range of 550°C to 600°C. On account of these added propertics the high




specd stecel toots are capable of operating satcly at 2 i 3 i~ higlor cotting
spoecds than thosce of high ciarbon steci woxels T

ihe most conunonly usced high specd steel is hoter Koown br ils composiuaon
of ailoving clements as I8 — 4 — 1, r.e . the one that contuns 18S: W, 49% Cr and
1% Vv Another class of HLS.S. conuins high proportions of cobalt (2 o 15% )
and is known as Cobalt H.S.S. It is highly wear resistant and casrmies high bhot
hardness. A highly wough variety of H.S.S_, known as Vanadium H.S.S., carrics
26 V., 69% W, 69 Mo and 49% Cr. It is widely tavourced 1or w-ols which have
to bear unpact loading and perfornm inemmiittent cutung.

3. Cemented carbides. The cvery day growing demrand of higher
productivity has given rise 1o the production of cemcented or sintecred carbides.
These carbides are formed by the mixture of tungsten, timnium or anaiam with
carbon. The carbides, in powdered form, are mixed with cobalt which acts as a
bindcr. Then a powder metallurgy process is applied and the mixtuare, sintereedd
at high pressures of 1500 kg per sq. am (o 4000 kg por sq. cm and wemperaturces
of over 1500°C, is shaped into desired forms of tips. These carbide ups are then
brazoed or fastenced mechanically (clamped) to the shank made of medium carbon
steel. This provides an excellent combinadon of an extua-hard cutting edge with
a tough shank of the wool.

These cemented carbides possess a very high degree of hadniess and wodn
resistzince. Probably diamond is the only material which is hirder than thesce
carbides. They arce able to rewain this hardness at clerated oa peratures up o
1000°CT. With the result. the tools upped with cemented carbide ups arce capable
of operating at speeds S 10 6 umes (or morc) higher than those wim the high speed
steels. 1t will be interesung 10 note at this stage that the best results with these
tools can be obrained only when the machines, on which they are to be used, are
of rigid consuucuon and carry high powered motor so that higher cultung spccds
can b employed.

4. Stellite. It is a non-ferrous alloy consisting mainly of cobalt, tungsten
and chromium. Other elements added in varying proportions are @antalum,
molybdenum and B oron. It has good shock and wear resistances and retains its
hardness at red heat upto about 920°C. On account of this property, it is
advantageously used for machining materials like hard bronzes, and cast and
mallcable iron, etc. Tools made of srellite are capable of operatng at speeds up
to 2 dmes more than those of common high speed steel tools. Stellite does not
respond 1o the usual heat eaunent process. Also, it can not be zasily machined
by conventional methods. Only grinding can be used for machining it effecuively.
A stellite may contain 40-509% Co, 15-35% Cr, 12-25% W and 1-49% carbon.

S. Cemented Oxides or Ceramics. The inroduction of ceramic material
as a useful cutting tool material is, rather. a latest cevelopmem in the field of
ool metallurgy. It mainly consists of aluminium oxide, which s comparauvely
much cheaper than any of the chief constituents of cemented carbides. Boron-

uundpx i powdered fonm are added and mixed will aluminium oxide powde
fu:d sn;nu;n:d logether at a temperature of about 1 700°C. They are then con‘rpar:::c:
::')i::ls;::;:;n:"'!'z)w.lv.l:a{u:.\'. lools- madc 9[ ceramic material arc capable of
- ‘ = peratures, without losing their hardness, up o 1 200°C. They
ire much Hlore wear resistant ‘as compared 10 the cemented carbide tools. B ut
:t}cfjlrec§znxlnc :lunc They are more brittle and possess low resistance to bcnding--Wiuth'
“mr:".:{l:“l; “-lltj-.rc(z‘)::]((::_"b‘c- §afely ‘cnlpk)ycd for ruug!) machining work and in
e 2 -]- g is .lﬂ(f:ﬂnl“clll. Howewver, their application for Mnishing
e yiclds very satisfactory results.
> rc"l]:)t.\“:;c::c])‘:lrc(:”lll:a(. under SUHIII.U’ conditions, the ceramic tools are capable
’ : g ¢s morc maitcrial than the mngsten carbide (ools with a
guu.\unlpn(m ol 20 per cent less power than the lauer. They can safcly - "
il 2-3 umes the cuting spceds of tungsten carbide tools ‘ N i
Cenunic ool material is usced in the form of ups which arc cither brazed
: tardl sStusnk or held mechanicilly on them as the cemeoente . e
Spwecially designed ool holders are also uscd for holding
cocvlant is necdoed while machining with cerunic ools.
ta ")(;)‘.‘ _‘)4,.‘;”;”““. .])':t""()"d is lln:A hardcest lA!l:ll('rl.tl known and uscd as Tutting
craul. It s brivde and oflers a low resistance 149 shock but s highly wes
resistant. On account of 1the above factors dizunonds are utnpl,uvcd o -'~'vnl-' l"';"—
culs ©on materials like bakcelite, carbon, plastios, alluminiom :and l'l;"t\\ i ”li \ "”\ lf
of their low coefficient of friciion they produace a high grmde (;l \‘u::..\c Ll:;::l::
lluvw.:_vcr. an account of their excessively high cost and the 'J‘clncri Ls l.mrr'ucd abov ..
!hc_v Nnd only a confined usce in ool industry. They are used in the l'(.»rln (‘H' h':"‘
?n‘\crted or held in a suitably designed wheel or bar Diamond particles are '. H
in diavmond wheels and laps. : ol

o thie
d carbide ups.

these ups. Ulsually no

UNIT IV (a)

Tube drawing is a metalworking process to size tube by shrinking a large diameter tube into a smaller one,
by drawing the tube through a die. This process produces high-quality tubing with precise dimensions, good
surface finish, and the added strength of cold working. Because it is so versatile, tube drawing is suitable for




both large- and small-scale production.

There are five types of tube drawing: tube sinking, mandrel drawing, stationary mandrel, moving mandrel, and
floating mandrel. A mandrel is used in many of the types to prevent buckling or wrinkling in the workpiece.

Most ferrous seamless tubes are first rotary forged. This process consists of two hot working processes the first
of which is rotary piercing.

Tube drawing is a metalworking process used to create a tube with a smaller diameter by pulling, or drawing, a
larger diameter tube through a die. There are five methods of tube drawing that are commonly used. These methods
are fixed plug drawing, floating plug drawing, tethered plug drawing, rod drawing and tube sinking.

This process is a cold-working process, meaning that the metal tubing is not heated prior to being shaped in the tube
drawing process. This gives the finished product added strength because the metal tubing is not affected by thermal
expansion during the process. In addition, this process produces tubing with more precise measurements than other
methods of production.

Fixed plug drawing is the oldest form of tube drawing. Using a mandrel that is locked in a fixed position near the die,
the process of fixed plug drawing produces the best interior surface finish of any tube drawing method. Fixed plug
drawing is also the slowest method in use and is extremely limited in the amount of diameter reduction possible.

Floating mandrel, or floating plug, drawing incorporates a free-floating mandrel placed inside the tube stock. The
plug is forced to the throat of the die by friction and pressure, called axial force. The floating plug method is capable
of producing very thin tubing diameters. This method of tube drawing is noted for producing tubing with high-quality
inner and outer surface finishes.

UNIT IV (b)

Forging is one of the oldest known metalworking processes. Traditionally, forging was performed by
a smith using hammer and anvil, and though the use of water power in the production and working of iron dates
to the 12th century, the hammer and anvil are not obsolete. The smithy or forge has evolved over centuries to
become a facility with engineered processes, production equipment, tooling, raw materials and products to meet
the demands of modern industry.

In modern times, industrial forging is done either with presses or with hammers powered by compressed air,
electricity, hydraulics or steam. These hammers may have reciprocating weights in the thousands of pounds.
Smaller power hammers, 500 Ib (230 kg) or less reciprocating weight, and hydraulic presses are common in art
smithies as well. Some steam hammers remain in use, but they became obsolete with the availability of the
other, more convenient, power sources.

Forging is a manufacturing process involving the shaping of metal using localized compressive forces. Forging
is often classified according to the temperature at which it is performed: "cold", "warm", or "hot" forging.
Forged parts can range in weight from less than a kilogram to 580 metric tons. Forged parts usually require
further processing to achieve a finished part. Forging as an art form started with the desire to produce decorative
objects from precious metals.

Forging can produce a piece that is stronger than an equivalent cast or machined part. As the metal is shaped
during the forging process, its internal grain deforms to follow the general shape of the part. As a result, the
grain is continuous throughout the part, giving rise to a piece with improved strength characteristics.
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218 Houndary for maximum-shear-stress Weory under bi-axial stresses

18¢s and Hencky’s theory. The'theory states that the failure of the mechanical
: subjected to bi-axial or tri-axial stresses occurs when the strain cnergy
i per unit volume At any point in the component becomes equal to the

ey O distortion per unit volume in a standard tension-test specimen when
iameds .

cube subjected to the three principal stresses oy, o and a3 is shown in
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where g,, €, and &, are strains in respective directions.

Also, &1 = 2 [0, - (03 + 03]
%'%[02-!1(01 + a3)]

1
€3 = [03 —u(o + 0))]
Substituting the above cxpresions in Eq. (a),
P B [(o2 + 02 + 02) 2p{0,05 + 003 + a.00)]

The total strain energy U is resolved into two components—aone U, correspond
to the change of volume with no distortion of the element and the ot b
corresponding to the distortion of the element with no change of volume, i.e.,

U=U,+ U, e

75-2

g L
:

= [{o, - 02) + (02 - 03) + (o3 - ) ‘j

| Sy = VEH(O — 0% + (3= P o (o o)’
mSidering factor of safety,

: V
(].'\

- \/ [{ov ~ oz)z-r (03 -y’ & (01 - "1)21

T = 0),
11., ““’*-—---—um-viw
(ﬁ) ((,' - 11.(_’) s (I))

UNIT V (a)
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UNIT V (b)

13.9. RESINOID BOND (s~ Fueex o bt &)

It is a synthetic organic compound, which is enough strong and flexible.

It provides a sharp cutting action and enables a high rate of stock removal at high

speeds. Resinoid bonded wheels are vastly employed for cutting bar stocks, fine
grinding of cams, precisicn grinding of rolls, etc. '

/Mls are manufaciured from a mixtre of abrasive grains, synthetic

resins and some compounds. JTbis mixtare is filled in moulds and then fed into

the furnace {or g_ng!% constant temperature of about 200°C is maintained in
the rumacf‘Duc o heal e resin sets and binds the abrasive grains together.

The shape and size of the bonded wheels, thus produced, will d nd u the
shape anp:i= size of the monld---5"""" off ot dptbats & B adire art Tako Az -l Kedrmarel
2 - I o~ il

13.11. RUBBER BOND (f 77 Vi Ca il ot o

It is composed of fairly hard vulcanised rubber. The common manufacturing
process consists of passing of rubber and sulphur through the mixing rolis and
adding the abrasive grains slowly as the above two constituents pass through the
rolls. Adding of abrasive grains continues till the required proportion is achieved.
The mixture is then passed through another set of rolls to obtain the required
thickness. The wheels are then cut and placed in preheated moulds and vulcanised
under pressure. These wheels are quite strong, close grained and can be made
in very thin sections. They are mainly used where a very high class surface finish
with close dimensional accuracy is a primary requirement. During the operation,
water can be safely used as a coolant but caustic soda and oil should not be used
asmefouma'disimchateslhewndwhilemelanersol‘tensiL

~—— _ ‘UNITVI (¢)
Given,  Ag,, = 25 x 25 = 625 mm® ; T
H = 0.25 mm.
V=12V
p =3 Q cm.

For iron, valency, Z = 2

P

atomic weight, A = 55.85
density, p, = 7860 kg/m”
The gap resistance R is given by

3 x0.25
R= — T = 2
625 - 0.0012
Current I = X. = ]:g_..._ 1000 A
- K 00012
¢ material removal rate (MRR) in ECM (taking 100% current efficiency) is
MRR=-°L =3 68X10° gm/s

pF




