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® Turning is the machining operation that produces cylindrical
parts. In its basic form, it can be defined as the machining of an
external surface:
m with the workpiece rotating,

m with a single-point cutting tool, and
m with the cutting tool feeding parallel to the axis of the workpiece and at a
distance that will remove the outer surface of the work.
m Taper turning is practically the same, except that the cutter path
is at an angle to the work axis. Similarly, in contour turning, the
distance of the cutter from the work axis is varied to produce the

desired shape.

m Even though a single-point tool is specified, this does not
exclude multiple-tool setups, which are often employed in
turning. In such setups, each tool operates independently as a
single-point cutter.
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Tool
Feed, f
Feed,

(a) Schematic illustration of a turning operation showing depth of cut, 4,
and feed, £ Cutting speed is the surface speed of the workpiece and the
Fi, is the cutting force, F is the thrust or feed force (in the direction of
feed, Iris the radial force that tends to push the tool away from the
workpiece being machined.
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operator can change by adjusting the controls, right at the machine.
Speed, always refers to the spindle and the workpiece. When it is stated in
revolutions per minute (rpm) it tells their rotating speed. But the important
figure for a particular turning operation is the surface speed, or the speed at
which the workpiece material is moving past the cutting tool. It is simply the
product of the rotating speed times the circumference (in meter) of the
workpiece before the cut is started. It is expressed in surface meter per minute
(m/min), and it refers only to the workpiece. Every different diameter on a
wortkpiece will have a different cutting speed, even though the rotating speed
(N) remains the same.

Feed, always refers to the cutting tool, and it is the rate at which the tool
advances along its cutting path. On most power-fed lathes, the feed rate is
directly related to the spindle speed and is expressed in mm (of tool advance)
pet tevolution ( of the spindle), or mm/rev.

Depth of Cut, is practically self explanatory. It is the thickness of the layer
being removed from the workpiece or the distance from the uncut surface of
the work to the cut surface, expressed in mm. It is important to note, though,
that the diameter of the workpiece is reduced by two times the depth of cut
because this layer is being removed from both sides of the work.
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{an) Straiglit turning (b} Taper turning {c) Profiling,
_L Depth

(i) Cutting off (k) Threading

Assoc Prof Zainal Abidin Ahma~ UTM 2006



Cylindrical turning
The tool moves parallel to the axis of the workpiece

The feed/rev is kept small to improve the surface finish

Screw cutting

The tool moves parallel to the axis of the workpiece
The feed/rev is coarse and equals the lead of the
thread being cut: Lead = pitch = number of starts
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Split-nut

Conical (taper) turning
The tool moves at an angle to the axis of the workpiece

The feed/rev is kept small ta improve the surface finish

Surfacing (facing)
The tool moves along a path perpendicular (907 to the

axis of the workpiece
The feed/rev is kept small to improve the finish
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Turret lathe
|

The turret lathe is a form of metal cutting lathe that is used for
short production runs of parts. The "turret" part of the name is a
special style of tailstock that can hold up to 6 tools with straight
shanks. By pushing the handlever forward, the tool is moved
toward the workpiece held in the headstock, eventually making
contact and cutting or forming the part. On the return stroke,
the tool is retracted and indexed to the next tool held in the
turret. In this way, a sequence of operations can be performed
on a part without switching tools with each operation. (That is,
different tools can be shifted into position without the need to
unscrew one and screw in another). Each tool can be set for a
different travel by a stop screw located at the far right of the
turret.
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Round turret for
OD operations

v

End turret for
ID operations
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INSET

. Tool-refief
Threaded shaft

" Thread F \
ﬁ Cutoff and \ Q |
B |
A i

chamfer

iy R i
(oo - [ Toolblock
Form A |@@| nock ¢ pivot
Q@ and E A End face
Turn '8 %, and chamfer
Turn °F / Roll turner '-.\
f Seeinsat - - Roller turner has rolls to support the

waork against the cutting forces

Turret lathe tooling set-up for producing part shown. Numbers in circles indicate
the sequence of operation from 1 to 9. Operation 3 is a combined operation. The
roll turner is turning surface F while tool 3 on the square post is turning sutface B.
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1 2 3 4 5
OD (rough) Drilling 0D profiling 1D boring (rough) Face grooving

6 8 9 10
ID profiling 0D (grooving) 1D grooving OD (finish) ID boring (finish)
or cut off

0D threading 1D threading

Using a disk turret which can hold 12 to 14 tools for a variety of internal and
external machining operations
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Heavy 450 R.H. Straight Screw Facing Cranked

Duty Rougher Knife Round Cutting Tool Found

Rougher Tool Nose Tool Naose
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GENERAL RECOMMENDATIONS FOR TURNING TOOL ANGLES

High-Speed Steel

Carbide (Inserts)

Side and Side and
End End
Back  Side End Side Cutting Back Side End Side  Cutting
Material Rake  Rake Relief Relief  Edge Rake Rake Relief Relief  Edge
Aluminum and
magnesium
alloys 20 15 12 10 5 0 5 5 5 15
Copper alloys 5 10 8 8 5 0 5 5 5 15
Steels 10 12 5 5 15 -5 -5 5 5 15
Stainless steels 5 8-10 5 5 15 -5-0 -5-5 5 5 15
High-temperature 0 10 5 5 15 5 0 5 5 45
alloys
Refractory alloys 0 20 5 5 5 0 0 5 5 15
Titanium alloys 0 5 5 5 15 -5h -5 5 5 5
Cast irons 5 10 5 5 15 -5 -5 5 5 15
Thermoplastics 0 0 20-30 15-20 10 0 0 20-30 15-20 10
Thermosets 0 0 20-30 15-20 10 0 15 5 5 15
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Dog (clamped to work,
driven by dog plate) i

Jaws (3), adjustable

Workpart to clamp work

_ Center (other center T
at headstock end)

\Workpart

Dog plate {driven by lathe spindie)
(a)
(b)

Faceplate
(attached to spindle)

Collet with three slits 1o
[ permit squeezing of work

Turned surface
Workbar

Workpart
Sleeve (advances forward to squeeze collet) Clamps (4)

() (d)

FIGURE 25.4  Four workholding methods used in lathes: (a) mounting the work between centers using
a dog, (b} three-jaw chuck, (c) collet, and (d) face plate for noncylindrical workparts.
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(b)

e,
i e S e

/4 Split segments ? _ T _
ollet sleeve 7////////“/“ "‘/////n- 3 N \ur iece
Headstock e /‘4&\\\\\\\\\\'\\ ok
spindle sleeve Spindle
FIGURE 22.6

{a) Schematic illustrations of a draw-in type collet. The workpiece is placed in the collet hole, and the conical surfaces
of the collet are forced inward by pulling it with a draw bar into the sleeve. (b) A push-out type collet.

O O O7®

ST - 2
ROUND SQUARE WEXACON VIEW GF
COLLET COLLET COLLET COLLET

Assoc Prof Zainal Abic. FICURE 23-37 Several types of lathe collets. {Co:rgfg of South Bend Lathe)

Chuck

Feed, f
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Summary ot T'urnit | as

v = Feed rate, or linear speed of the tool along workpiece length, mm/min or in/min

=fN

V = Surface speed of workpiece, m/min or ft/min
= p D, N (for maximum speed)
= p Dayg N (for average speed)
| = Length of cut, mm or in.
D, = Original diameter of workpiece, mm or in.
D; = Final diameter of workpiece, mm or in.
D.,g = Average diameter of workpiece, mm or in.
(Do +Dx) 12
Depth of cut, mm or in.
= (D, +Dx) /2
= Cutting time, s or min
=l/fN
3, . .3, .
mm’/min or in"/min
= p DagdiN

Torque = Nmor Ib ft
(Fe)(Dayl2)

Power = kW or hp

= (Torque) (w, where w=2p radians/min

lote: The units given are those that are commonly used; however, appropriate units must be
ised and checked in the formulas.

d

—

MRR
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TABLE 23,4
General-purpase starting eonditions Range for roughing and finishing
Warkpiece Cutting ool Depth Feed, Cutting Depth TFeed, Cotting
material of cut, mm/rev speed, of cat, mm/rev speed,
mm tinfrev) mimin mm {mfrev) m/min
{im.y {Rtfmin} fin:} {ftiminy
Low A and Unevaied 1.5=6.3 0.35 k14 0.5-7.6 0.15=1.1 60=135
Trev machining carbide (0.06-01.25) [URHEN] 300) {0.02-0.30) {0.006-0.04 5} (200-430)
atechs Ceramic- % i 2145275 & Lo 1201-425
coited carbide (BO0-900) (4D0-1400)
Triphe-coated ! % 185-200 k * 9245
carbide teii-630} (300-%0U)
TiN-coated k) T 105-130 Iy ) o0-230
carbide {350-500) (200750
A0y ceramie - 0.2% 305440 : " 365550
0010 (13001430 (1200 800)
Cermet o 0.30 215-290 - " 105455
(01 2) (T00-930} (3301500
Medium and Ui coted 1.2-4.0 (.30 75 2576 0.15-0.75 45-120
high - sieels carbide {0.05-0,20) 0.812) @50 (0.10-0,30) (0.006-0,03) (150-400)
Ceramic- 3 4 185230 ' § 120410
conted carbide (RO0-750) (400-1350)
Triple-conted 2 s 120150 = . 75-215
carhide (A00-500) (250-700)
TiN-coated carbide - " 90200 2 tt 43-215
{300-650) 501005
AL ceramic . n2s 335 s i 245455
0010y (1100} (8001 500)
Cermer ’ 025 170-245 s # 103305
3 —— (0.010) {350-£00) B (3501000
Cast ivon, pray L eoened 1.25-6.3 0.52 SHD {300y 04-12.7 01075 75185
carbide (0.05-0.25) 0013 A0 5-0.5) (0H004-1,03 ) (230-600)
Ceramic- b3 ol 200 Ly T 120-363
conted carbide (650} (4001200
TiM-coated 4 o M-135 " ™ 60-215
carhide (3004500 (200-700)
ALLO ceramic # 0:25 455490 L % 365835
(00104 (15001600} {1200-2804)
SN ceramic & 0.32 730 r = 20019011
(0.013) (24040 (6503250
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