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Maximum spindle area

Workpiece

lems and the method of lubrication. Some
standard machines come equipped with uni-
versal-joint heads having a high, neutral,
and low-speed shifter range for each spin-
dle. Special heads can he designed to incor-
porate this speed selector feature.

Slip-plate drill heads are often used for
repetitive hole patterns and longer produc-
tion runs. The same type of  universal rods
as those used on adjustable-arm heads drive
slip spindles mounted in a slip plate that can
be changed for different hole patterns. The
capability of producing various hole pat-
terns on fixed centers can make slip-plate
heads more desirable than fixed-center
heads; however, greater center distances
are sometimes required between spindles,
and the locational accuracy of the spindles
is not as close. The spindles normally rotate
at lhe same speed unless the head is of
special design. These heads are generally
used for drilling holes 1.6 to 57 mm ('/ia to
2'4 in  J or more in  diameter in  cast irons and
steels.

Fixed-i eater drill heads are used for ded-
icated. high-production machines. The
number o f  spindles can vary from 2 to 2(N)0
or more, depending on the number of holes
required in the workpieces or lhe ease with
which lhe workpieces can be handled,
(fearless heads are required for large num-
bers o f  spindles, and all spindles operate al
the same speed for light-duty operations.
These heads are stronger and more rigid
than cither lhe adjustable-arm or slip-plate
head because lhe spindles are permanently
fixed for required hole patterns.

Gearless, fixed-center, crank-driven drill
heads are used when the need for close-
center holes makes the use of gears and
universal joints impractical or impossible.
Some heads of this type are capable o f
drilling holes with center distances as close
as 4.8 mm (0. 19 in ) and diameters of 0.51 to
19 .05 mm (0.020 to 0.750 in.). In  one appli-
cation. a gearless dri l l  head having 1800
spindles w as mounted on the ram of  a punch
press to dril l acoustical tiles. A 38 kW (50
hpt electric drive motor was mounted on
top of  the press.

One design of a gcarless dril l head is
illustrated i n  Fig. 9. 1'he driver (A),  in lhe
drilling machine spindle rotates lhe drive
crank (B) in lhe dri l l  head. This crank
moves the oscillator (C) in a short oscillat-
ing motion, l he oscillating motion rotates
lhe individual drill spindles (D i  in the same
direction and at the same speed as lhe drive
crank IB).

Centei distance limited:
select spindle size I o  suit
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spindles are driven by a single powerhead
and are fed simultaneously into the work
(Fig. 7). The spindles are driven and can be
adjusted over a limited area by means of
sliding-bar guides. Because the areas that
can be covered by adjacent spindles over-
lap. the machine can be set up to drill holes
at any location within its overall capacity.
For example, a typical machine having 20
spindles can drill holes at any location with-
in a 760 mm (30 in. I diam circle. A special
drill jig is made for each job to provide
accurate guidance for each dril l I Fig. 8).
Although such machines are costly, they
can be readily converted for use on different
jobs where the quantity to be produced will
justify the small setup cost and the cost o f
the jig.

Multiple-spindle drilling machines are
available with a wide range of numbers o f
spindles in a single head, and two or more
heads are frequently combined in a single
machine for mass-production work. In
some cases, such machines perform drilling
operations simultaneously on two or more
sides of a workpiece.

Applications. Multiple-spindle machines
are primarily used for three general types of
production operations:

• Multiple operations (drilling, reaming,
chamfering, spotfacing, and so onl  in a
single hole. Machines used for these ap-
plications are often equipped with hand-
positioned tables, shuttle tables, or rotary
indexing tables

• One operation in multiple holes that are
the same size or  different sizes and are on
the same or different planes. Machines

used for these operations may require a
rotary' indexing table if  hole center dis-
tances arc close. Multiple-plane opera-
tions are often performed with multiple-
position workholding fixtures

• Multiple operations in multiple holes that
generally require the machine to be
equipped with a rotary indexing table or
other type of table, especially when tap-
ping is one of the operations to be per-
formed

Multiple-spindle drill heads are de-
signed for various applications and have
geared or gearless (crank-type I drives. Al l
tools on a head are fed into the work piece
together, but tool lengths are sometimes
staggered so that cutting loads are applied
progressively. There are three major types
of geared drill heads, as follows.

Adjitstahle-artn, univerxat-joini drill
heady are generally used forfrequent change-
over or limited production requirements.
They provide maximum flexibility because
the spindles can be adjusted to any desired
location within the head housing. Spindles
can be removed or  added, up to the capacity
of the head. The adjustable-arm spindles are
rotated by universally jointed connecting
rods that transmit power from a fixed-cen-
ter. gear-driven, or crank-driven head. Al l
spindles rotate at the same speed, which is
normally limited to a maximum of  21)00 rev.'
mm primarily because of joint wear prob-

Several problems not encountered in or-
dinary drilling operations arise in the drill-
ing of long holes in rifle barrels, long spin-
dles, connecting rods, and certain oil-well
drilling equipment. As lhe hole length in-
creases. it becomes more and more difficult
to support lhe work and the dril l properly.
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lems and the method of  lubrication. Some
standard machines come equipped with uni-
versal-joint heads having a high, neutral,
and low-speed shifter range for each spin-
dle. Special heads can he designed to incor-
porate this speed selector feature.

Slip-plate drill heads are often used for
repetitive hole patterns and longer produc-
tion runs. The same type of universal rods
as those used on adjustable-arm heads drive
slip spindles mounted in a slip plate (hat can
be changed for different hole patterns. The
capability of  producing various hole pat-
terns on fixed centers can make slip-plate
heads more desirable than fixed-center
heads; however, greater center distances
are sometimes required between spindles,
and the locational accuracy of the spindles
is not as close. The spindles normally rotate
at the same speed unless the head is of
special design. These heads are generally
used for drilling holes 1.6 to 57 mm (Vi6 to
2'Zi in.) or more i n  diameter in cast irons and
steels.

Fised-i enter drill heads are used for ded-
icated. high-production machines. The
number o f  spindles can vary from 2 to 2000
or more, depending on the number of  holes
required in the workpieces or the ease with
which lhe workpieces can be handled,
(fearless heads are required for large num-
bers of  spindles, and all spindles operate al
the same speed for light-duty operations.
These heads arc stronger and more rigid
than cither lhe adjustable-arm or slip-plate
head because lhe spindles are permanently
fixed for i eq aired hole patterns.

Gcarlcss, fixed-center, crank-driven drill
heads are used when the need for close-
center holes makes the use of gears and
universal joints impractical or impossible.
Some heads of this type arc capable of
drilling holes with center distances as close
as 4.8 mm (0. 19 in. ) and diameters old 5 1 to
19 05 mm (0.020 to 0.750 mJ .  In  one appli-
cation. a gcarlcss dril l head having 18(H)
spindles was mounted on lhe ram of  a punch
press to drill acoustical tiles. A 38 kW (50
lip t electric drive motor was mounted on
top of  the press.

One design of a gcarlcss dril l head is
illustrated in Fig. 9. The driver (A), in the
drilling machine spindle rotates lhe drive
crank (B) in the dril l head. This crank
moves the oscillator (C) in a short oscillat-
ing motion. I he oscillating motion rotates
the individual dril l spindles (D i  in the same
direction and at the same speed as the drive
crank ( B I.

Deep-Hole Dri l l ing Machines
Several problems not encountered in or-

dinary drilling operations arise in the drill-
ing of  long holes in rifle barrels, long spin-
dles, connecting rods, and certain oil-well
drilling equipment. As the hole length in-
creases. it becomes more and more difficult
to support the work and lhe dri l l  properly.

Mullipie-tpindle drilling machine of the
open-side type incorporating a way designFig. 7

(b)

Fin R Side view (a) and top view (b) ot a multiple-'s* ° spindle drill head showing the relative posi-
tions of lhe spindles drill head, and workpiece and the
dimensions that must be considered in choosing a dri l l
head

spindles arc driven by a single powerhead
and are ted simultaneously into the work
(Fig. 7) I he spindles are driven and can be
adjusted over a limited area by means of
sliding-bar guides. Because the areas that
can be covered by adjacent spindles over-
lap. the machine can be set up to dril l holes
at any location within its overall capacity.
For example, a typical machine having 20
spindles can drill holes at any location with-
in a 761) min (3(1 in.) diam circle. A special
drill jig is made for each job to provide
accurate guidance for each dril l (Fig 8).
Although such machines are costly, they
can be readily converted for use on different
jobs where the quantity to be produced will
justify the small setup cost and the cost of
the jig.

Multiple-spindle drilling machines arc
available with a wide range o l  numbers of
spindles in a single head, and two or more
heads are frequently combined in a single
machine for mass-production work. In
some cases, such machines perform drilling
operations simultaneously on two or more-
sides of a work piece.

Applications. Multiple-spindle machines
arc primarily used for three general types o f
production operations:

• Multiple operations (drilling, reaming,
chamfering, spotfacing, and so on) in a
single hole. Machines used for these ap-
plications arc often equipped with hand-
positioned tables, shuttle tables, or rotary
indexing tables

• One operation m multiple holes that arc
the same size or  different sizes and are on
the same or different planes. Machines

used for these operations may require a
rotary indexing table i f  hole center dis-
tances are close. Multiple-plane opera-
tions are often performed with multiple-
position workholding fixtures

• Multiple operations in multiple holes that
generally require the machine to be
equipped xx ith a rotary indexing table or
other type of table, especially when tap-
ping is one of lhe operations to be per-
formed

Multiple-spindle drill heads are de-
signed for various applications and have
geared or gearless (crank-type) drives. Al l
tools on a head arc fed into lhe workpiece
together, but tool lengths arc sometimes
staggered so that cutting loads are applied
progressively. There are three major types
of  geared drill heads, as follows,

Adjtts lahle-artn , universal-johu drill
heads are generally used forfrequent change-
over or limited production requirements.
They provide maximum flexibility because
the spindles can be adjusted to any desired
location within the head housing. Spindles
can be removed or added, up to lhe capacity
o f  the head. The adjustable-arm spindles are
rotated by universally jointed connecting
rods that transmit power from a ttxcd-ccn-
ler. gear-driven, or crank-driven head. Al l
spindles rotate al lhe same speed, which is
normally limited to a maximum o f  2000 rev/
mm primarily because of joint wear prob-
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Gearless dri l l  head in which an oscillator (C)
rotates the drill spindles (D)Fig. 9

Fig. 10  Fixed-lable, advancing-spindle machine designed far deep-hole drilling

The rapid removal o f  chips from (he drilling
operalion becomes necessary to ensure (he
proper operation and accuracy of (he drill.
Rotational speeds (up to 2(1 0(H) rev/min)
and feeds must be carefully determined
Jw.ww .'.tisw .)> a> r>.vissihilUy of
deflection than when a dril l of  ordinary size
is used.

To overcome these problems, deep-hole
drilling machines have been developed 1 Fig.
10). These machines may be o f  either (he
horizontal or the vertical type, with either
single-spindle or multiple-spindle construc-
tion. I n  addition, either the workpiece or
the drill may revolve. Most machines are o f
horizontal construction, using a center-cut
gun dril l having a single cutting edge with a
straight Hute running throughout its length.
Oil. under high pressure, is brought to the
cutting edge through a hole in the dril l.
Normally, the drill is stationary and the
work is rotated in  a chuck with steady rests
providing support along its length, but
where it is difficult to rotate the work, the
situation is reversed (Fig. I I I .  In  gun drill-
ing. the feed must be light to avoid deflect-
ing the dril l.

Because of  its lung stroke and ease of
chip removal, a gun-drilling machine is also
suitable for boring, trepanning, and cham-
fering. The revolving dril l is fed into the
workpiece resting on the platform Equip-
ment of  this type requires an efficient cool-
ing system to pump the coolant in large
volume and high pressure for cooling the
tool and Hushing the chips. I he system also
filters the coolant and keeps it al a uniform
temperature. Vertical deep-hole drilling ma-
chines are also available for work that is not
relatively long.

Transfer Drilling Machines
Frequently designated as automated ma-

chines. transfer drilling machines complete

they are cost effective only for volume
production.

Indexing Table Transfer Machines.
Parts requiring only a few operations are
adapted to indexing table machines, which
are made with either vertical or horizontal
muts spaced around the periphery of an
indexing table. A special vertical machine
with a six-station indexing table can drill,
ream, chamfer, and mil l connecting rods at

a senes of machining operations at succes-
sive stations anil transfer the work from one
station to the next. They are. in effect, a
production line o f  connected machines that
are synchronized in their operation so that
the workpiece, after being loaded at the first
slation. progresses automatically through
the various stations to its completion. Au-
tomatic drilling machines are of the index-
ing table or the in-line transfer type, and

Rotat ing Chip b0»
work support Cu l l i ng  f lu id

D'lU hinder teed line

Guide Pushing

Sp ind le
Dr. II-W

Workpiece
Wood plug

Base

Cat l i ng  f lu id can Ln-
lea  t r r r jugn spindle

teed hne

1“
L
J

Gun drii

Base

tb i

P *  I I Two methods cl gun drilling, (a} Workpiece rotales while the tool is held stationary. Cutting fluid is fed
■ l y *  ■ I directly through the drill from the back end. (b) Tool rotates while the workpiece is held stationary.
Cutting fluid is fed through a rotating oil gland from the fluid feed line or  through the machine spindle
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1 0 Fixed-table, advancing-spindle machine designed far deep-hole drilling

The rapid removal ofchips from the drilling
operation becomes necessary to ensure the
proper operation and accuracy of (he drill.
Rotational speeds (up to 20 000 rev/min)
and feeds musl be carefully determined
Jvcva'.' * .'.few .•> a« g’.re.wU*.' ttv\ss.ihdij v nf
deflection than when a drdl of  ordinary size
is used.

To overcome these problems, deep-hole
drilling machines have been developed I Fig.
10). These machines may be o f  either the
horizontal or  the vertical type, with either
single-spmdle or  multiple-spindle construc-
tion. I n  addition, either the workpiece or
the drill may revolve. Most machines are of
horizontal construction, using a center-cut
gun drill having a single cutting edge with a
straight Hute running throughout its length
Oil. under high pressure, is brought to the
cutting edge through a hole in the drill.
Normally, the drill is stationary and the
work is rotated in a chuck with steady rests
providing support along its length, but
where it is difficult to rotate the work, the
situation is reversed (Fig. I I). In gun drill-
ing. the teed must be light to avoid deflect-
ing the drill.

Because of  its long stroke and ease of
chip removal, a gun-drilling machine is also
suitable for boring, trepanning, and cham-
fering. The revolving drill is fed into the
workpiece resting on the platform Equip-
ment o f  this type requires an efficient cool-
ing system to pump the coolant in large
volume and high pressure for cooling the
tool and flushing the chips. I'he system also
filters the coolant and keeps it at a uniform
temperature. Vertical deep-hole drilling ma-
chines arc also available for work that is not
relatively long.

Transfer Dr i l l ing Machines
Frequently designated as automated ma-

chines. transfer drilling machines complete

they are cost effective only for volume
production.

Indexing Table Transfer Machines.
Parts requiring only a few operations arc
adapted to indexing table machines, which
are made with either vertical or horizontal
units spaced around the periphery of an
indexing table A special vertical machine
with a six-station indexing table can drill,
ream, chamfer, and mill connecting rods at

a senes of machining operations at succes-
sive stations and transfer the work from one
station to the next. They are. in effect, a
production line of  connected machines that
.are synchronized in their operation so that
the workpiece, after being loaded at the first
station, progresses automatically through
the various stations to its completion Au-
tomatic drilling machines arc of the index-
ing table or the in-line transfer type, and

(b )

Two methods ol gun drilling, (a) Workpiece rotales while the tool is held stationary. Cutting fluid is fed
directly through the drill from the back end. (b) Tool rotates while the workpiece is held stationary,

is fed through a rotating oil gland from the fluid feed line or through the machine spindle
Fig. 11
Cutting fluid
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• Machine type: Manual control, numerical
control: single spindle or  multiple spindle

• Machine calibrations: Speed and feed
range, manual or automatic machine po-
sitioning. and automatic preselect

• Tooling: Complex or simple fixturing;
high-speed steel or carbide tools

Once these have been decided on. a ma-
chine is selected for greatest economy on
the basis of size of production lot. Small lots
(<  100 pieces) seldom justify large expendi-
tures for jigs and fixtures, but numerically
controlled machines are being increasingly
used for low production quantities Large
production quantities may require more ex-
pensive tooling, anil single-purpose ma-
chine tools often provide the greatest econ-
omy.

Control Systems. Drilling machines arc
available for manual, semiautomatic, and
automatic operation. Numerical control
(NC) and computer numerical control
(CNC) are used on many drilling machines,
and these types o f  control are particularly
suitable for producing patterns of holes in
various workpieces. Numerical control or
computer numerical control is usually stan-
dard on circuit board, tube sheet, and other
special-purpose drilling machines. Program-
mable controllers are also used on some
drilling machines and dril l heads.

Tape-controlled radial, turret, or  horizon-
tal drilling machines simplify tooling be-
cause a means of  holding and positioning
the work is the only additional requirement.
Tape control also minimizes the possibility
o f  operator error and ensures repeatability
of operation. The main disadvantages are
the cost and complexity of  the equipment
and the time and skill required for preparing
the tape.

I'he simplest type of numerically con-
trolled machine has a two-position indexing
table that automatically places the work-
piece under a single vertical dri l l  spindle.
The movement of the dri l l  spindle can also
be numerically controlled, and this proce-
dure. in conjunction with an automatic tool
changer, can produce a completed part. T he
operator's principal function is to load and
unload the workpiece.

The NC/CNC requirements for drilling
machines vary, depending on the applica-
tion. Simple two-axis (a and v) positioning
systems are used only for table movement
on some machines, with the dril l ing depth
(c-axis) controlled manually, electrical-
l y .  electromechanically . or mechanically.
Many dril l ing machines are equipped with
more complex systems that can control
table positioning, drilling depths, spindle
speeds. Iced rates, and other functions.
Some systems compensate for varying tool
lengths.

One manufacturer offers a continuous
monitoring control system for its NC  ma-
chining centers and special drilling ma-

Table 1 Typical drilling machine specifications

Type
Wiirkpieec diameter,

mm tin .»

Drill
diameter,
mm (in.)

Morse
taper
(No.  I

Number of
speeds

I’tiwrr,
kW ihpi

Wright,
kg l ib)

Hand feed
Lpnghl power feed ....................
Upright font spindle gang

type ............................................

395 (15 'c i
660 (26)

660 (26)

ID'/y)
50(2)

Chuck
5

•n

12
4

■H

0.4 t 'A)
1.7 (5)

1.5 ( ’ ) l d l

100 (2201
950 (2100)

2200 (4X00)
Mnlhple-spindk* ( I2 ) (u l  .............
Programmable mitlt ispindkMh) .

Radial 330 mm (13 in.J(c) .

. 305
610 x

< <10 (12 x
117# (24 >

1220 (4X>

20)
< 46 1

5

Infinitely
vanable

16

5.6 (7lA)(d)
JK75 <25><dl

4.5 (6)(d) 2720 (6000)

i.tl Diameter <hl Work area. lt> Arm length id l  1 uch spindle Smiive Kef 1

the rate of 450 per hour. All  operations are
performed simultaneously, and when all are
complete, the table is automatically indexed
to the next station.

In-Line Transfer Machines. The principal
feature of in-line machines is that they are
provided with suitable handling or transfer
means between stations. The simplest and
most economical method of  handling parts
is to move them on a rail or a conveyor
between stations. When this is impossible
because of the shape of the part, it is
necessary to provide a holding fixture or
pallet on which the work is clamped.

A typical application would be an eight-
station automatic transfer machine perform-
ing a variety o f  operations on the center
portions of axle housings. Palletized work
holding fixtures secure the axles during all
operations.

Transfer machines range from compara-
tively small units having only two or three
stations to long straight-line machines with
over 10(1 stations. Transfer machines are
primarily used in  the automobile industry,
in which, because of  full production sched-
ules. it is possible to offset their high initial
cost by savings in labor. Products pro-
cessed by these machines include cylinder
blocks, cylinder heads, refrigeration com-
pressor bodies, and similar parts.

Special-Purpose
Drilling Machines

Many drilling machines are built in a wide
variety of designs and configurations for
special-purpose applications. Special-
purpose dedicated machines are often used
when large quantities of parts require mul-
tiple operations. Dedicated units include
shuttle-transfer, dial-index, and trunnion-
index machines.

In shuttle-transfer machines, the work-
piece is loaded in a fixture and indexed in  a
straight line to  several machining stations
between single or opposed machining
heads. After the workpiece is machined, it
is indexed to stations down the line for
further machining until i t  reaches the un-
loading station. These machines are de-
signed for the medium-to-low production of
heavy or oddly shaped parts and offer more

flexibility in terms of  fixture changes than
transfer machines.

Dial-index machines maximize floor-
space use by mounting fixtures on a hori-
zontal-index table and moving the work-
piece (held by the fixture) to the machining
station, where it is surrounded by an array
of radial, horizontal, and vertical machining
units. Multiple-spindle heads are extensive-
ly  used in dial-index machines.

Trunnion-index machines provide si-
multaneous machining operations at each
station, along with the production of a com-
pleted part each time the trunnion (vertical
table) is indexed Five of the six sides of a
rectangular workpiece can be machined in
this unit in one cycle. Loading and unload-
ing o f  the workpiece are done at a single
station Interchangeable heads and fixtures
for similar parts allow some degree of flex-
ibility in the production of parts.

Various factors influence the selection of
a machine for a specific application Some
of  these factors are the size and shape of the
workpiece; the diameter and length of the
hole to be drilled: the relationship of drilling
to the other machining operations; the
quantity of  pieces to be drilled per hour, per
day. or over a longer period, and cost.

Drilling Machine Selection
The sizes of drilling machines are desig-

nated in several ways. The most common
designation for a vertical drill press is the
diameter in millimeters (inches) of the largest
disk or workpiece in which a hole can be
drilled at (he center on the drill press. Other
designations are the diameter of the largest
drill the press is designed to drive in cast iron
or steel and the Morse taper size in the
spindle hole. The size of a radial drill press is
given in meters (feet) and designates the radi-
us of the largest disk in which a center hole
can be drilled with the head at its outermost
position on the arm. Some drilling machine
manufacturers also specify the diameter of
the column in millimeters (inches) (Table I ).

Machine Selection for Economy of Pro-
duction. In  selecting a machine, the follow-
ing options should be considered for their
suitability to (he specific job:
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218 / Traditional Machining Processes

Drills with helical Hutes arc called twist
drills. The features o f  a typical twist drill arc
illustrated tn Fig. 13.

Type of Shank. Taper-shank drills offer
these advantages over straight-shank drills:

• Greater tool rigidity
• Closer control of concentricity
• Closer spacing in gang drilling (because

screw chucks are not used)
• Drive without slip

For shallow holes, however, straight-shank
drills should be considered because they
cost less. One disadvantage of straight
shanks, particularly in drilling deep holes, is
that they sometimes pull out of  the chuck on
the return stroke of  the spindle. When this
happens, the operation must be slopped to
replace the dril l. This pullout is more likely
in an operation in  which the spindle retracts
automatically at intervals to clear chips

Dri l l  Design. The included angle of the
point on a conventional twist dri l l  is 1 18".
I he l ip relief angle varies with dri l l  diameter
and the composition and condition of the
work metal (Table 2).

Drill design for specific operations de-
pends on (he application in which the dril l is
used. Dri l l  life can sometimes be greatly
improved by the use of a design that varies
from the standards of the dril l manufactur-
er. Dril l  design and rigidity of  setup usually
receive more attention than selection of the
dril l material. This is because in most drill-
ing. improvement of design and rigidity
offers a greater potential for increasing drill
life and reducing cost than does a change in
dril l material. Special means of  clamping
may be needed to ensure rigidity of setup.

Dri l l  Materials. Most drills arc made of
common grades o f  high-speed tool steel
(M l .  M2. MIO. and occasionally ID ,  A l
comparatively low cost, these grades pro-
vide strength, toughness, and high-temper-
ature hardness suitable for most drilling
application-', l or excessively hard or abra-
sive metals, drills can be made of higher-
alloy high-speed tool steels such as M3. M4,
Mb. M33. or T 1 5 ; these steels, however, are
used to make only a small percentage o f  the
drills produced. Additional information on
high-speed tool steels is available in (he
article “High-Speed Tool Steels ' and “P/M
High-Speed Tool Steels" in this Volume
and the article 'Selection of Malena Is for
Cutting Tools"  in Volume 3 of the 9th
Fdition of Metals Handbook.

Carbide-tip drills are used for special ap-
plications. notably, for drilling abrasive
metals o f  low tensile strength (such as cast
iron and castings of high-silicon aluminum
alloys) or heat-resistant alloys. Special car-
bide-lip drills wnh longitudinal passages for
conducting coolant to the dri l l  tip arc used
on steel in gun drilling, for which close
tolerances on hole straightness, diameter,
and parallelism must be maintained. Anoth-
er special application of carbide-lip drills is

(<i) Genern I- purpose dr II
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Fig. 12 Commonly used types of drills. Applicati ons are described in tex I .
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Fig. 13  Design features of a typical straight-shank twist dri l l

Table 2 Lip relief angles for twist drills

------- brill diameter ----- — j
Cast iron or

jinneakd steel
Hurd or luugh

work mein!
Sufi or

free-vol ting mruilmm in.

0 .3434)991 0,0135-0.0390 . 24 20 26
1 .02-2.44 0 0400-0 0960 ............................... 21 18 24

49-3 05 0,09804). 1200 18 16 -17

3.26-6.35 (1.1285-W. . . 16 14 20
6.53-8.7 0.2570-"/e ......... . . . .  ............. 14 12 18
8.8.M2.7 0.3480-t" . . .  . .............................. 12 10 16
n .  i - i 9 . i ........................ 10 8 14
19 4 and larger

................
and  larger- ............ 8 7 12

chines, this system automatically lowers
the feed rale when torque on the drill reach-
es a preset limit or when motor power
exceeds the rated amount. Advantages in-
clude faster hole production with the same
tool life, reduced tool breakage, improved
chip-breaking action, and protection o f  the
motor from overloads.

This closed-loop control system continu-
ally derives torque at the drill from mea-
sured horsepower and spindle speed. 1 he
calculated cutting torque is compared to the
breaking torque punched into the NC tape.
Whenever the cutting torque exceeds one-
half the preset limit, the feed rate is auto-
matically reduced. The feed rate is also
lowered whenever the horsepower required
exceeds the rated motor capacity.

Retrofittable adaptive control for NC
drilling machines and machining centers is

also available. This is a microprocessor-
based system with the capability of  combin-
ing soft-wired modules for drilling, milling,
boring, and tapping in the same unit. The
drilling unit uses torque as a feedback.

Common Types of Drills
Drills are available in a variety of types,

and several of these types are illustrated in
Fig. 12. Size ranges vary; some drills can be
obtained as standard tools up to 90 mm l3!A
in.) in diameter, and as special-order tools
in even larger sizes (spade drills are usually
cost effective for sizes above 38 mm. or I V:
in., and have reportedly been used tn sizes
up to 380 mm, or 15 in.). The type of shank
(straight or taper), the proportionate dimen-
sions o f  flutes and shanks, and the helix
angle also vary widely.
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Drills with helical Hutes arc called twist
drills. The features of  a typical twist drill arc
illustrated in Fig. 13.

Type of Shank. Taper-shank drills offer
these advantages over straight-shank drills:

• Greater tool rigidity
• Closer control of  concentricity
• Closer spacing in gang drilling (because

screw chucks arc not used)
• Drive without slip

For shallow holes, however, straight-shank
drills should be considered because they
cost less. One disadvantage of  straight
shanks, particularly in drilling deep holes, is
that they sometimes pull out of  the chuck on
the return stroke o f  the spindle. When this
happens, the operation must be stopped to
replace the dril l. Ih is pullout is more likely
in an operation in which the spindle retracts
automatically al intervals to clear chips.

Drill Design. I he included angle of the
point on a conventional twist drill is 118'.
Ihc  l ip relief angle varies with dril l diameter
and ihc composition and condition of the
work metal (Table 2).

Drill design for specific operations de-
pends on (he application in which the dril l is
used. Dri l l  life can sometimes be greatly
improved by the use of a design that varies
from the standards of the dri l l  manufactur-
er. Dril l design and rigidity of setup usually
receive more attention than selection of the
dril l material. This is because in most drill-
ing. improvement of design and rigidity
offers a greater polential for increasing drill
lite and reducing cost than does a change in
dril l material Special means of  clamping
may be needed to ensure rigidity of setup.

Drill Materials. Most drills arc made of
common grades o f  high-speed tool steel
(M l .  M2. MIO. and occasionally I I ) .  At
comparatively low cost, these grades pro-
vide strength, toughness, and high-lemper-
aiurc hardness suitable for most drilling
applications, l or excessively hard or abra-
sive metals, drills can be made of higher-
alloy high-speed tool steels such as M3. M4.
M6. M33. o rT I5 .  these sleds, however, are
used to make only a small percentage o f  ihc
drills produced. Additional information on
high-speed tool steels is available in the
article “High-Speed Tool Steels ' and "PM
High-Speed Tool Steels" in this Volume
and the article “Selection of Materials for
Cutting foo ls"  in Volume 3 of the 9th
Fdilion ot Mrlah Handbook.

Carbide-lip drills are used lot special ap-
plications. notably, for drilling abrasive
metals of  low tensile strength (such as cast
iron and castings of high-silicon aluminum
alloys) or  heat-resistant alloys. Special car-
bide-lip drills with longitudinal passages for
conducting coolant to the dril l up arc used
on steel in gun drilling, for which dose
tolerances on hole straightness, diameter,
and parallelism must be maintained. Anoth-
er special application of carbide-lip drills is

[<i,i Generri I- purpose dr II
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Table 2 Lip relief angles for twist drills

r Ilrill diameter --------- — j
Cast iron ur

-------- 1 ip relief angle, degrees
Hurd nr luugh Soft or '

nun in. annealed steel work nielnj free-cutting meuil

O..UVO;99l U.OI.VS-U.OWO . . ................... 24 20 26
1.02-2.44 0 04(81-0 (1461) ......................... 21 IS 24
2 49-3.05 0,0480-0 1200 ....................... 18 16 — 4.
3 26-6 35 0.1 285- V4 . .  . . . ................... 16 14 20
6.S3-X.7 0.2570- "/c ............ ........................ 14 12 18
M.S 3- 12.7 0.3480-91 ................. ......................... 12 10 16
H 1-14.1 ’ Vm~ '. 'j . .................. .................... 10 8 14
| 4  4 and larger and larger. ............................... 8 7 12

also available. I his is a microprocessor-
based system with the capability of combin-
ing soft-wired modules for drilling, milling,
boring, and tapping in the same unit. I he
drilling unit uses torque as a feedback.

Common Types of Drills
Drills arc available in a variety of types,

and several of these types are illustrated in
Fig. 12. Size ranges vary; some drills can be
obtained as standard tools up to 90 mm l.T’/i
in.) in diameter, and as special-order tools
in even larger sizes (spade drills arc usually
cost effective for sizes above 38 mm, or I
in., and have reportedly been used in sizes
up to 380 mm. or 15 in.). The type of  shank
(straight or taper), the proportionate dimen-
sions o f  Hutes and shanks, and the helix
angle also vary widely.

chines. Ih is  system automatically lowers
the Iced rale when torque on the drill reach-
es a preset limit or when motor power
exceeds the rated amount. Advantages in-
clude faster hole production with the same
tool life, reduced tool breakage, improved
chip-brcaking action, and protection of  the
motor from overloads,

Tins closed-loop control system continu-
ally derives torque at the drill from mea-
sured horsepower and spindle speed. 1 he
calculated cutting torque is compared to (he
breaking torque punched into the NC tape.
Whenever the cutting torque exceeds one-
half the preset limit, the feed rate is auto-
matically reduced. 1 he feed rate is also
lowered whenever the horsepower required
exceeds the rated motor capacity.

Retrofittable adaptive control lor  NC
drilling machines and machining centers is
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material has been flame cut. the areas adja-
cent to the region to be drilled should be
annealed. I f  the armor plate is of the laminar
type (that is. one side of plate is harder than
the other), drilling should proceed from the
harder side to the softer side because it is
virtually impossible to drill successfully
from the soft side. Speeds as low as 4.6 m/
min ( 15 sfm) may be required, along with a
135 to 140° included point angle on the dril l
cutting point.

Molded plastics (resins, phenolics, cellu-
lose acetates, polystyrenes, acrylics, and so
onl require quick ejection o f  chips. I f  not
ejected quickly, the chips wil l stick and
pack in the drill flutes and heat the compar-
atively low-temperature plastic composi-
tion. Overheating is detrimental to both the
tool and the work. These materials are
drilled at speeds of 30 to 90 m/min ( 100 to
300 sfm). with tools having 60 to 90° includ-
ed angle points for small sizes and 90 to 120°
included angle points for larger hole sizes.
Detailed information on the machining of a
variety of materials is available in the Sec-
tion "Machining of Specific Metals and
Al loys"  in this Volume.

Rigidity of Setup. I n  setups that are not
rigid, drills with short Hutes and tapered
shanks are usually required.

Hole Dimensions. The diameter, length,
and length-to-diametcr ratio of holes to be
drilled also influence selection of the drill.
For maximum rigidity and minimum chat-
ter. the shortest possible drill should be
used. In drilling blind holes several times
greater in  length than in diameter, it may be
necessary to use oil-hole drills or other
special types of drills.

The type of machine to be used to drive
(or hold) the drill is more likely to determine
the design of the drill shank than of  the fluted
portion. However, some drills are designed
for use with specific machines (such as screw-
machine drills and left-hand drills).

Use of Drill. Whether a dri l l  wil l be used
for originating or enlarging holes also gov-
erns its selection. Holes can be enlarged
more efficiently by drills designed for this
purpose (core drills).

Tolerances. Although drilling is generally
a roughing operation, with accurate surfac-
es depending on subsequent operations
such as reaming or boring, tolerances do
influence drill selection. Tolerances on
roundness, diameter, and straightness are
often affected by the ability of the dril l to
remove chips.

Number of Operations. When other op-
erations. such as countersinking or spotfac-
ing. are to be done w'ith drilling, the use of
combination tools should be considered.
Dual-purpose tools are available that can
combine the following operations: drilling
two different diameters, drilling and ream-
ing. drilling and countersinking, drilling and
spotfacing, and drilling and counterdrilling
or counterboring.

the drilling of  steel harder than 48 HRC.
Solid-carbide drills (for example, spade
drills) are used for extreme rigidity and
drilling accuracy.

Heat Treatment. 1'he hardening, quench-
ing. and tempering of the high-speed tool
steel are critical to the quality and perfor-
mance of twist drills. A particular high-
speed tool steel of the same analysis can he
heal treated differently by different manu-
facturers to develop desired properties for
the specific application o f  a certain stvle of
drill.

Twist drills made from general-purpose
high-speed tool steels such as M l  and M7
are usually heat treated to a hardness range
of 64 to 66 HRC. Drills made of  high-speed
tool steels containing cobalt generally have
a hardness range of  65 to 67 HRC. although
a higher hardness is sometimes used for
unusual applications.

Surface Treatments. Various surface
treatments are applied to high-speed tool
steel drills to increase the hardness of  the
outer layer of material or to reduce the
friction between the dril l and the workpiece
orchips in the flute. These treatments are
normally applied after the drills have been
finish ground. The treatments (hat produce
a thin hard layer in the outer layers include
nitriding, cyaniding, and less frequently,
carbonitriding and carburizing. These pro-
cesses are carried out in  cither a liquid or
gaseous media at elevated temperatures to
accelerate the absorption of the element(s)
into (he outer layers. Because these layers
are hard but brittle, they are kept thin to
reduce the probability ofchipping. Nitride
layers range from 0.013 to 0.05 mm (0.0005
to 0.002 in.) in thickness, but carburized
layers are several times thicker. Carburiz-
ing and carbonitriding usually require tem-
peratures above the tempering range, while
gas nitriding or cyaniding can be done al
about 540 C ( 1000 "!•').

In addition to (he hard surfaces produced
in the outer layers of the dril l material by
the processes mentioned, there is some
small usage of the processes for producing
surfaces on the exterior of drills for the
same purpose. These surfaces are applied
by electroplating, chemical plating, chemi-
cal and physical vapor deposition, and
flame or arc deposition. Included in such
platings are hard chromium, nickel, tung-
sten. tungsten carbide, titanium nitride, ti-
tanium carbide, and numerous other wear-
resistant compounds Considerable care is
required during the processing to ensure
that the deposition is uniform, continuous,
and tightly adherent and that the tempering
temperature of the high-speed tool steels is
not exceeded.

Surface treatments for reducing friction
or improving lubrication include the limited
penetration of oxygen or sulfur into tool
surfaces in a controlied-almosphere furnace
at an elevated temperature, and vapor or

liquid processing. The most widely used
surface treatment for drills consists of the
development of a thin surface oxide, which
has been found to act as a solid lubricant
and to prevent welding ofchips to the drill.
Although various oxide films can be pro-
duced in air at temperatures above 205 °C
(400 °F), oxide films most advantageous for
improved performance are formed in  a dry
or superheated steam atmosphere at tem-
peratures of 425 to 565 °C (800 to 1050 °F).
Oxides created in salt baths are not as
effective as those produced by steam. 1 ools
having the dark gray to blue-black surface
oxide layers produced in this way are often
used for drilling ferrous materials.

Although surface treatments have been
discussed as separate entities, they are of-
ten used in combination. The most widely
used combination treatment for drills is a
surface oxide over a nitride layer.

Selection of Drills
The type of drill selected for a given

application depends on:

• Composition and hardness of the work
metal

• Rigidity o f  the tooling setup
• Dimensions of the hole to he drilled
• Type of machine used to rotate the dril l

or the workpiece
• Whether (he drill is used for originating or

enlarging holes
• Tolerances on the hole to be drilled
• Whether related operations, such as

countersinking or spotfacing, must be
performed with drilling

• Cost

The material drilled affects drill selec-
tion mainly because the need for a drill of
rugged design increases with the hardness
and strength of the work material. The need
for rigidity in the setup also increases with
work metal hardness and strength.

Drilling into hard materials such as heat-
treated alloy steels, hard steel castings,
partly chilled cast iron, and 18-8 stainless
steels with high-speed tool steels requires
carefully sharpened tools, adequate and
uniform feeds, moderate speeds, and cool-
ants suited to the type of  material being
machined. I n  an emergency, it is possible to
dri l l  holes in materials that would otherwise
be considered unmachinablc with high-
speed tool steels. This is done by making
sure the tool cuts continuously once it is
started because the material w i l l  w'ork hard-
en to the point at which it is unmachinable i f
the drill is allowed to idle and rub on the cut
surface.

Armor plate presents some difficult prob-
lems because of its hardness and extreme
toughness, but it  can be satisfactorily drilled
with high-speed tool steels i f  the work-
hardening and flame-hardening properties
of armor plate are compensated for. I f  (he
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alloys. Solid carbide or carbide-lip versions
of low-helix drills are used to produce holes
in cast iron.

High-helix drills (Fig. 12c). also known
as fast-spiral drills, are made with wide
flutes and narrow lands. 1 hey are particu-
larly recommended for drilling relatively
deep holes in nonferrous metals and other
low tensile strength materials. However,
carbon, alloy, and stainless steels have been
successfully drilled with these drills. 1 he
wide flutes and high helix facilitate chip
removal. The high helix also creates more
land surface per linear inch o f  dril l, thus
increasing the bearing surface of the drill. It
is advantageous to replace a standard-helix
dril l w ith a high-helix dri l l  mainly because a
high-helix dril l can remove chips from deep
holes more efficiently than most other
drills— especially in applications requiring
relatively high feed rales.

Oil-Hole Drills. An oil-hole tor coolant-
feeding) dril l has one or more continuous
holes through its body and shank to permit
the passage of a cutting lluid under high
pressure. 1 he cutting fluid enters the shank
and upon emerging at the dril l point, assists
in ejecting chips and dir t ,  which may clog or
gall the hole being drilled. These drills can
be used in a fixed position, as in  a turret
lathe or other type of  multiple-operation
machine, or they can be used with power
drive in special sockets.

Straight-shank oil-hole drills (Fig. 1 2d)
are well suited to drilling deep holes in hard
metals. They are particularly useful when
horizontal or inverted drilling is required or
when it is difficult to get cutting fluid to the
work or to the cutting edges of the tool. An
oil-hole dri l l  provides the necessary lluid at
the cutting edges, thus permitting a greater
feed rate (and therefore a greater volume of
chips).

Taper-shank oil-hole drills have the fol-
lowing advantages over the straight-shank
types:

• They allow closer concentricity
• Speed and feed can be higher
• The tool is more rigid

The following example describes an appli-
cation for which a taper-shank oil-hole drill
was selected in preference to a standard
twist dril l.

Example 1: Two Deep Holes. A taper-
shank oil-hole dril l was superior to a stan-
dard twist dril l for drilling the two deep
through holes (length-to-diamclcr ratio:
nearly 9:1) m the 4130 steel guide block
shown in Fig. 14. The oil-hole dri l l  not only
maintained the required straightness but
also eliminated a subsequent reaming oper-
ation which is needed when using a stan-
dard twist drill.

Placed in a box-type drill jig, the guide
block was drilled in a single-spindle dril l
press (19 mm. % in., capacity: 430 mm, or

steels such as stainless and high-manganese
steels.

Tangs can be added to these tools when
they are used with ASA drill drivers.

Taper-shank twis) drills are used for
general-purpose drilling in all types of ma-
chines for which an American National
Standards Institute taper shank is required.
These drills are available with standard di-
ameters. flute lengths, and overall lengths,
as well as corresponding taper-shank sizes.
Some sizes of these drills are available with
shorter and longer shanks than standard,
which decreases and increases their overall
lengths. The high-speed tool steel dril l body
and the alloy steel shank (when used) on
these drills are usually joined by electrical
butt or friction welding. I n  some cases, the
dril l body can also be press fitted (crimped)
into the shank end on smaller sizes.

Specific Applications
by Drill Type

Most drills, particularly those discussed
tn this section, are specially designed for
specific applications. Altering the dri l l  point
or dril l hardness can greatly increase the
range of  applications for which these tools
can he used I n  addition, carhide inserts or
indexable-insert culling edges can be add-
ed.

Conventional drills have helix angles of
25 to 33’. Low-helix drills have 15 to 20
helix angles and high-helix dnlls typically
have 35 to 40" helix angles.

General-purpose drills arc of conven-
tional two-flute design. Because of  lheir
versatility, low cost, and availability in  a
wide range of sizes, these drills are used for
the general -purpose drilling o f  cast iron,
steel, and nonferrous metals. They are suit-
ed to high-production applications and can
be operated under a variety of  conditions. A
typical general-purpose drill is illustrated in
Fig. 12(a). These jobbers length drills are
available only with a straight shank. Their
short flutes and relatively short length-to-
diameler ratio aid in maintaining rigidity
during drilling.

Low-helix drills I Fig. 12b). also known as
slow-spiral drills, have a comparatively thin
web. which facilitates the penetration of
brass, plastics, and other soft materials and
provides maximum space for chips. Low-
helix drills are designed io  break chips into
small pieces and arc well-suited for applica-
tions in which a large volume of chips is
generated. Straight-shank low -helix drills
are more rigid than drills with a standard
twist and therefore permit greater torque.
Low-helix drills arc also less likely than
standard-helix drills to grab the edge of a
hole and hang up or pull through at dril l
breakthrough. Although developed primar-
ily for drilling brass, these drills are often
used successfully for drilling shallow holes
in steel and in aluminum and magnesium

Cost. Carbon tool steel drills have a low
initial cost and are acceptable for occasional
use, hut they must be run slowly. High-
speed tool steel drills are the most popular
and have good strength. Drills tipped with
cemented carbide are economical for high
production, but are expensive and must be
handled carefully to avoid breakage.

General Drill Classification
Twist drills are manufactured in  a wide

variety of types and m many different sizes.
To produce a hole of  a given diameter, twist
drills are commercially available with vari-
ations in length, flute and shank configura-
tion. point geometry, and web thickness. In
some cases, a dozen or mure drills may be
available to produce the same size hole.

Drills are made in many different diame-
ter sizes— fractional, number (wire gage),
letter, and metric— ranging from I). 15(1 to 89
mm (0.0059 to 3 '/i in.):

• Millimeter series: 0.01 to 0.50 mm incre-
ments. according to size, in  diameters
from 0.015 mm

• Mttmerii al series: No. 97 to No.  I (0.15 to
5.79 mm. or 0.0059 to 0.228 in. I

• Lettered series A to Z (5.95 to 10.49 mm.
or 0.234 to 0.413 in.)

• Fractional series Pm to 4 in. land larger)
by 64ths

Many dri l l  styles can be grouped into two
categories: general-purpose and heavy-
duty. General-purpose drills are the most
widely used Slight alterations of the origi-
nal point angles sometimes improve perfor-
mance forgiven speeds and feeds. Because
of their heavier webs, heavy-duty drills are
designed to provide greater torsional
strength and rigidity than general-purpose
drills. Heavy-duty drills can be used to dril l
steel forgings, hard castings, and high-hard-
ness ferrous alloys.

Straight-shank twist drills are made in
three series, based on their range of  lengths:
jobbers length (a medium-length range),
taper length (a long-length range), and
screw -machine length la  short-length
range). Thus, a 6.4 mm I'Zt in.) diam dril l
would have a 70 mm (2*/4 in.) flute length
and a 102 mm 14 in.  I overall length m a
jobbers length version. The flute length and
the overall length o f the same tool would he
95 mm t.f’Zt in.) and 156 mm (61A in.) for the
taper length version and 35 mm (IVk in.) and
64 mm (2W in.) for the screw-machine
length version. Heavy-duty drills are also
available in screw-machine lengths with
I35f split points.

Screw-machine length straight-shank
twist drills are used in screw machines o f  all
types when conditions require the use of
short drills for maximum rigidity. Other
applications for these short drills include
portable and sheet metal drilling, body
work, and the drilling of tougher, harder
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alloys. Solid carbide or  carbide-lip versions
of low-helix drills are used to produce holes
in cast iron.

High-helix drills (Fig. 12c). also known
as fust-spiral drills, are made with wide
flutes and narrow lands. 1 hey art particu-
larly recommended for drilling relatively
deep holes in nonferrous metals and other
low tensile strength materials. However,
carbon, alloy, and stainless steels have been
successfully drilled with these drills. 1 he
wide flutes and high helix facilitate chip
removal The high helix also creates more
land surface per linear inch of  dril l, thus
increasing the bearing surface of  the drill. It
is advantageous to replace a standard-helix
dril l w ith a high-heli x dril l mainly because a
high-helix dri l l  can remove chips from deep
holes more efficiently than most other
drills— especially in applications requiring
relatively high feed rates,

Oil-Hole Drills. An  oil-hole (or coolant-
feeding) dril l has one or more continuous
holes through its body and shank to permit
the passage of  a cutting lluid under high
pressure. The cutting lluid enters the shank
and upon emerging at the dril l point, assists
in ejecting chips and dirt ,  which may clog or
gall the hole being drilled. These drills can
be used in a fixed position, as in a turret
lathe or other type o f  multiple-operation
machine, or they can he used with power
drive in special sockets

Sirai ht-diaak (iH-holi drills (Fig. I2dl
are well suited to drilling deep holes in hard
metals. They are particularly useful when
horizontal or inverted drilling is required or
when it is difficult to gel cutting lluid to the
work or  l o  the tutt ing edges of  the tool. An
oil-hole dril l provides the necessary l luid al
the cutting edges, thus permuting a greater
feed rate (and therefore a greater volume of
chips).

Taper-shank oil-hole drills have the fol-
lowing advantages over the straight-shank
types:

• They allow closer concentricity
• Speed and feed can be higher
• The tool is more rigid

The following example describes an appli-
cation for which a taper-shank oil-hole drill
was selected in preference to a standard
twist drill.

Example 1 : Two Deep Holes. A taper-
shank oil-hole dril l was superior l o  a stan-
dard twist dril l for drilling the two deep
through holes (length-to-diameter ratio
nearly 9:1) in the 4130 steel guide block
shown in Fig. 14. The oil-hole dril l not only
maintained the required straightness but
also eliminated a subsequent reaming oper-
ation which is needed when using a stan-
dard twist dril l.

Placed in a box-type drill jig. the guide
block was drilled in a single-spindle drill
press (19 mm. in., capacity: 430 mm. or

steels such as stainless and high-manganese
steels.

langs can be added to these tools when
they are used with ASA drill drivers.

Taper-shank twist drills are used for
general-purpose drilling in all types of ma-
chines for which an American National
Standards institute taper shank is required,
t hese drills are available with standard di-
ameters. flute lengths, and overall lengths,
as well as corresponding taper-shank sizes.
Some sizes of these drills arc available with
shorter and longer shanks than standard,
which decreases and increases their overall
lengths. The high-speed tool steel dril l body
and the alloy steel shank (when used I on
these drills are usually joined by electrical
butt or friction welding. I n  some cases, the
dril l body can also be press fitted (crimped)
into the shank end on smaller sizes.

Specific Applications
by Drill Type

Most drills, particularly those discussed
in this section, are specially designed for
specific applications. .Altering the dri l l  point
or drill hardness can greatly increase the
range of applications for which these tools
can he used. I n  addition, carbide inserts or
indexable-insert culling edges can be add-
ed.

Conventional drills have helix angles of
25 to 33 J . I.ow-helix drills have 15 to 20
helix angles and high-helix drills typically
have 35 to 40 helix angles.

General-purpose drills arc of conven-
tional two-flule design. Because of  their
versatility, low cost, and availability in a
wide range of sizes, these drills are used for
the general-purpose drilling of  cast iron,
steel, and nonferrous metals, They are suit-
ed to high-production applications and can
be operated under a variety of  conditions. A
typical general-purpose drill is illustrated in
Fig. 12(a). These jobbers length drills are
available only with a straight shank. Their
short flutes and relatively short length-to-
diameter ratio aid in maintaining rigidity
during drilling.

Low-helix drills I Fig. 12b). also known as
slow-spiral drills, have a comparatively thin
web. which facilitates the penetration of
brass, plastics, and other soft materials and
provides maximum space for chips. Low-
helix drills arc designed to break chips into
small pieces and arc well-suited for applica-
tions in which a large volume of chips is
generated. Straight-shank low -helix drills
are more rigid (han drills with a standard
twist and therefore permit greater torque.
Low -helix drills are also less likely than
standard-helix drills tu grab the edge of  a
hole and hang up or pull through at drill
breakthrough. Although developed primar-
ily for drilling brass, these drills arc often
used successfully for drilling shallow holes
in steel and in aluminum and magnesium

Cost. Carbon tool steel drills have a low
initial cost and are acceptable for occasional
use. but they must be nm slowly. High-
speed tool steel drills are the must popular
and have good strength. Drills lipped with
cemented carbide are economical for high
production, but are expensive and must be
handled carefully to avoid breakage.

General Drill Classification
Twist drills are manufactured in a wide

variety ol Types and in many different sizes.
To produce a hole of  a given diameter, twist
drills are commercially available with vari-
ations in length. Ilutc and shank configura-
tion, point geometry, and web thickness. I n
some cases, a dozen or more drills may be
available to produce the same size hole.

Drills are made in many different diame-
ter sizes — fractional, number (wire gage),
letter, and metric — ranging from 0.150 to 89
mm (0.0059 to 3 1/? in.):

• Millimeter series: 0.01 to 0.50 mm incre-
ments. according to size, in diameters
from 0.015 mm

• Numerical series: No.  97 to No. I (0. 15 to
5.79 mm. or 0.0059 to 0.228 in.)

• Lettered scries: A toZ  (5 95 to 10.49 mm.
or 0.234 to 0.413 in. I

• Fractional series- '/oi to 4 m. (and larger)
by 64th s

Many drill styles can be grouped into two
categories general-purpose and heavy-
duty General-purpose drills are the most
widely used. Slight alterations of the origi-
nal point angles sometimes improve perfor-
mance for given speeds and feeds. Because
of their heavier webs, heavy-duty drills are
designed to provide greater torsional
strength and rigidity than general-purpose
drills. Heavy-duty drills can be used to dri l l
steel forgings, hard castings, and high-hard-
ness ferrous alloys.

Straight-$hank twist drills are made in
three scries, based on their range of  lengths:
jobbers length (a medium-length range.),
taper length la  long-length range), and
screw -machine length la short-length
range). Thus, a 6.4 min t'Zi in.) diam dril l
would have a 70 mm (2'/4 in.) flute length
and a 102 mm 14 in.) overall length in  a
jobbers length version. The Hute length and
the overall length of  the same tool would be
95 mm ( .V/4 in. i  and 156 mm (6’/w in.) for the
taper length version and 35 mm ( I Vs in. ) and
64 mm (2 1/.' in.) for the screw -machine
length version. Heavy-duty drills arc also
available in screw -machine lengths with
135' split points.

.Screw-machine length straight-shank
twist drills are used in screw machines of all
types when conditions require the use o f
short drills for maximum rigidity. Other
applications for these short drills include
portable and sheet metal drilling, body
work, and the drilling of tougher, harder
Page 9 Wang Ex. 2099
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drilling by step grinding the drill. Core drills
normally have a relatively heavy web (up to
51)'?? of  the diameter) because they arc not
designed for center cutting. They are avail-
able with three or four flutes, straight or
taper shanks, and tn fractional sizes only.
.Straight-shank core drills are made with
diameters from 6.4 to 32 mm ( '/.> to 1 'Zt in. t.
flute lengths from 95 to 20(1 mm (.VZi to 7%
in ), and overall lengths from 156 to 318 mm
(6bk to l2!Zi in  J .  Taper-shank core drills are
made with diameters from 6.4 to 64 mm ('/a
Io  2'Zt in.), flute lengths from 73 to 286 mm
(2% to l l 'Z i  in. I. and overall lengths from
156 to 476 mm (6'/s to I8’ri in.).

Largcr-diameter core drills usually em-
body a fluted cutter interchangeably mount-
ed on (he end of a fluted body. Such drills
often incorporate pilots to ensure accuracy
of  hole alignment Four-flute core drills are
generally preferred unless the greater chip
room of a three-flute tool is needed.

Left-hand drills (Fig. 12g) have the same
flute length and overall length as general-
purpose drills. The principal use fur left-
hand drills is in multiple-operation ma-
chines when the spindle is rotated in the
reverse of  normal direction, this often oc-
curs when lapping follows drilling or  when
other machining operations are combined
with drilling.

Straight-flute drills I Fig. I Th) arc espe-
cially adapted for drilling brass and other
soil materials and lor  drilling thin sheets of
a wide variety of metals. Drills of this type
do not run ahead or grab the work during
drilling.

Single-fluted drills, also known as bobbin
bits, are designed for drilling deep holes in
wood. Because of their chip-clearing ability,
they are used for the drilling of low-melting
thermoset plastics, the chips o f  which will
slick in Lhc flutes of  an ordinary drill These
drills are not recommended for use in materi-
als of much higher tensile strength than wood,
fiberboard, and soft plastics. Overall and flute
lengths are the same as for general-purpose
jobbers length drills.

Half-Round Drills. The culling end of this
drill is semicircular tn cross section. Half-
round drills are designed lor use in brass
and. in some cases, alum mu in and die cast
materials. They have found wide applica-
tion in the screw -machine industry in  the
production of holes o f  exceptional straight-
ness and high finish.

Double-margin drills are often used
when holes must he straighter and to closer
tolerances with respect Io  size than can
normally be obtained with a single-margin
drill. They have a second pair of margins al
the trailing edges of  the lands, about mid-
way between the primary margins (Fig. 1 5 1,
thus providing added bearing in bushings
and holes with four guide surfaces. This
construction also helps to eliminate the ef-
fects of errors in point grinding. Double
margins are also used on some step drills for

Margin Margin 1

Land Land

Margin 2

4130  s t ee l (a) (b)

| e Two typ e5  morgin configurations used
’ 9 *  * on rwisl drills, (a) Conventional single

margin, (b) Double margin
Speed, a l  730 rev? mm.

m.'min I slm> . . - . 37  1 1 2(1)
Feed, mm/rev l in. 'revt , . . . . . .  . . . .  (i. 15 it), mtd
Cutting Hind ................ . . Soluble uikwaier

I l  20)
Setup lime, mm . . .  V)
Production rale, pieces

( holes ),• h. . . . .  . . . 25  1 1)
Dril l life per .grind, pieces . . .  125
Downtime for tool change, nim . . . .  2
Workpiece hardness. I IRC 20-27

FlCl 1 4 Guide block drilled with □ fa per -s hank1 y ** 1 ~ oil-hole drill under conditions listed in
table. The oil-hole drill produced the deep through holes
to I he specified finish without subsequent reaming, which
was required when a standard, twist dri l l  was used.
Dimensions in figure given in inches

producing accurate holes when guide bush
ings cannot be used.

Crankshaft drills are designed for drilling
holes in crankshafts, but are also used to
produce holes deeper than l ive or six times
the dril l diameter tn any tough or hard
material. They have heavy webs, a higher-
than-normal helix angle, a split or crank-
shaft point, and a surface treatment for
increased abrasion resistance.

Automotive series drills are straight-
shank twist drills of general-purpose con-
struction. They have the same flute and
overall lengths as regular jobbers length
drills and are furnished with lang drive.
They are also available in a long senes with
taper lengths and tang drive.

Cotter-pin drills are heavy-duty jobbers
length drills designed for drilling cotter-pin
holes in bolts, steering knuckles, pins, and
similar parts, as well as cross holes in the
heads of bolts. Heavy construction resists
the high strains from such applications and
makes them suitable for drilling some of the
hard alloy steels, including the harder stain-
less steels. Such drills are generally surface
treated.

Center Drills. These straight-shank twist
drills are often used to center the ends of
shaft-type workpieces 1 heir short flute and
overall lengths, as well as their oversize
shank diameters, provide good rigidity, thus
reducing runout l arger size center drills
are sometimes used for starting operations
when drilling is done on screw machines
and other machine tools to increase the
location accuracies o f  holes to be produced.
When the design of the Workpiece permits,
the countersink portion o f  the center-drilled
hole should be 0.08 to 0.15 nun ((1.003 to
0.0(K> m. i  larger in diameter than the fin-
ished hole size.

Rail Drills. These heavy-duty cobalt high-
speed tool steel tools, originally designed for
dulling high-manganese railroad rails, are
used to drill a variety o f  hard, tough, high
tensile strength and high-temperature resis-
tant materials used by the aerospace industry .
They are made with a low helix angle, heavy
web, special web thinning for case of  pene-
tration. and short flute and overall lengths,
and they are surface treated

17 in., swing). Speed, feed, and other oper-
ating data are given with Fig. 14.

Screw machine drills I Fig. I2e). some-
times called slub drills, are made with short
flutes and short overall length for maximum
rigidity without loss of cutting ability. They
are designed primarily for use in  multiple-
operation machines and in portable equip-
ment. and they are useful for drilling tough
or hard materials. The short Hute length
(about half that of  a standard-length twist
drill I eliminates the excessive overhang of
standard-length drills used without bush-
ings. When an irregular, angled, or nonflal
surface is drilled, excessive overhang
causes walking or weaving of the drill,
which results in oversize or tapered holes
and in reduced tool life.

Core drills, which have three to six flutes,
are used for enlarging cored, forged, or
previously drilled holes. Core drills are
sometimes considered as roughing cutters
when used primarily for heavy stock remov-
al in holes that are finally sized by boring or
reaming.

Three-flute core drills (Fig. 1 2D are nor-
mally used for holes up to 13 mm ('/’ in.) in
diameter. 1'hese drills are designed to allow
greater chip clearance for heavy cuts. Four-
flute core drills are more commonly used
for holes larger than 13 mm ('Zr in.) in
diameter. They arc designed Io  combine
maximum flute space with maximum rigid-
ity. Because of  their greater number o f
cutting edges, core drills can be used at
higher feed rates than other drills or boring
tools without increasing chip load per cut-
ting edge.

Operations such as counterboring and
chamfering are often combined with core
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applications requiring multiple-diameter
holes. They can be made by grinding steps
on common drills; usually, some thinning of
the web is required. The simplest form of a
step drill is a combination drilling and coun-
tersinking tool.

Subland drills (Fig. 12k) are combination
tools having separate lands or margins,
which extend the full length of the Hutes, for
each of the two or more diameters. Subland
drills perform two or more operations in one
pass of the tool. The different diameters or
lands can be ground to permit drilling and
countersinking for Hothead screws, or drill-
ing and counterboring for socket-head
screws. Extensive use is made of subland
drills in high-production work.

Subland drills with as many as four diam-
eters have been successfully used. For op-
timum results, however, the largest diame-
ter should be no greater than twice lhe
smallest diameter because of the variation
in cutting speeds and feeds.

Because (he lands or margins of subland
drills arc ground to the correct size along
the full length of lhe Hute, each culling edge
can be sharpened separately and repeatedly
without affecting (he others. When correct-
ly sharpened and operated, subland drills
can readily produce accurate holes.

Gun drills (Fig. 12m). which are used in
horizontal deep-hole drilling machines (see
lhe section "Deep-Hole Drilling Machines"
in this article), have a single V-shaped flute;
the single cutting face is sharpened offset to
form two cutting angles. When drilling,
these angles form two chips broken into
short lengths for easier expulsion. The drill
body is usually a steel tube through which a
cutting fluid passes under pressure and in
sufficient volume to cool and lubricate the
cutting area and Hush out chips. To counter
the unbalanced cutting force of the single
cutting edge, wear pads (usually carbide)
are provided in lhe drill opposite (he cutting
face to keep the drill on center. Gun drills
are used to drill soft as well as hard mate-
rial.

For accurate holes, gun drills must be
used in rigid equipment with a positive feed.
W'ith such equipment, gun drilling elimi-
nates the need for subsequent rough and
finish reaming. A properly started gun drill
guided by a drill bushing will produce a hole
that does not drift from lhe centerline more
than 0.013 mm (0.0005 in.) in 50 mm (2 in.)
of drill travel. A spotface or a precision
center drill can be used for more accurate
starting of a gun drill. Gun drills are increas-
ing in use because they can frequently pro-
duce holes as accurate as reamed holes in
one pass. Tolerances as small as ±0.025
mm (±0.001 in.) and surface finishes up to
0.50 to 0.75 gm <20 to 30 pin.) are not
uncommon for some gun drilling applica-
tions. For maximum efficiency in gun drill-
ing, the culling fluid should provide a fluid
film between wear pads and work material.

Notch  along l i p
radlused i n to  Hute

Rid i n  l lu le Smal l  f lu te radius

(cl(b)(a)

Aircraft drills, which are extensively
used by the aircraft and aerospace indus-
tries. are available as jobbers length drills
and as extension drills. These tools have a
Hute construction conforming to National
Aerospace Standard (NAS) 907 prepared by
the Aerospace Industries Association,
spring-tempered shanks to prevent perma-
nent bending, and overall lengths of 152 to
305 mm (6 to 12 in.). They are available with
either 118 or 135" split or offset drill points.
These drills are principally used for drilling
holes in inaccessible places that cannot be
reached with regular-length drills; they are
generally operated in portable drilling units.

Straight-shank, jobbers length aircraft
drills conforming io NAS 907 are available
in two types. Type A drills, with IIS' split
points, are used for drilling aluminum, low-
carbon steels, magnesium, and other soft
materials. Type B drills, with 135’ split
points, are of heavier design and are surface
treated for drilling hard steels, stainless
steels, titanium, and other hard materials.

Short-Hute aircraft drills with 1 18 points
are desirable for tough, portable applica-
tions in titanium, heat-treated steels, and
aluminum. These drills are surface treated
and have no body clearance. Type C drills,
with 135’ split points, are made in screw-
machine lengths for use in machines or
portable units to drill hard, tough sheet
metals of the heat-resistant stainless and
titanium alloy types.

Chip-breaker drills have Hute modifica-
tions or other design features to curl and
break the chips produced in most materials
in which long, stringy chips are normally
produced, thus minimizing clogging prob-
lems. Most of the various chip-breaker de-
signs involve a flute configuration that forc-
es long chips to curl and bend sufficiently so
that small broken chips are produced.

Until recently, lhe flute of the drill was
thought of only as a path for the chips to
follow as they emerge from the hole. How-
ever. with industry becoming more safety
conscious, stringy chips are now considered
to be a significant hazard to the operator.

Many approaches are used to modify lhe
flutes to provide a chip-breaking action.

Drill points modified to enhance the chip-
breaking action are illustrated in Fig. 16.
Such flute designs arc built into lhe drills,
and no additional notches or grooves are
required when regrinding. For some applica-
tions. particularly with larger size twist drills,
chip-curling grooves are ground in lhe rake
faces of lhe cutting lips, or chip-splitting
grooves are ground in either the clearance or
rake faces. Chip-breaker drills sometimes re-
quire more torque than standard drills, and
there is a minimum feed rate below which
they do not operate effectively.

Chip-breaker drills cost about IfK-f more
than conventional drills, but the added cost
is easily offset by the longer tool life and lhe
time saved from not having lhe problem of
long chips. Tool life increases because of
the efficient chip ejection and better pene-
tration of the coolant to lhe drill lip.

Spotting and centering drills are
straight-shank twist drills designed to pro-
duce accurate and true centers. They have
short flute and overall lengths and no body
clearance, which allows them lo be chucked
close to the cutting point for accurate hole
starting or workpiece centering. A constant
web thickness eliminates lhe need for thin-
ning these drills when repointing.

Holes that are to be drilled and chamfered
in workpieces having a hard or scaled sur-
face can be produced more economically by
spot drilling (to form lhe chamfer) prior to
drilling. With this method, lhe spot drill cuts
only a short lime through stock that has a
detrimental effect on tool life, while the hole
drill cuts for a longer time through easier-
to-machine material. Processing in this way
allows the drills to be rapidly advanced
closer to the workpiece, thus decreasing the
feed stroke and allowing a decrease in the
feed rate to increase tool life.

Step drills (Fig. I2j) have two or more
diameters, produced by grinding various
steps on the diameter of the drill. The steps
usually consist of a square or angular cut-
ting edge. Step drills are extensively used in
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applications requiring multiple-diameter
holes. They can be made by grinding steps
on common drills; usually, some thinning of
the web is required. The simplest form of  a
step dril l is a combination drilling and coun-
tersinking tool.

Subland drills (Fig. 12k) are combination
tools having separate lands or margins,
which extend the full length of (he flutes, for
each of  the two or more diameters. Subland
drills perform two or more operations in one
pass o f  the tool. The different diameters or
lands can be ground to permit drilling and
countersinking for flathead screw's, or drill-
ing and counterboring for socket-head
screws. Extensive use is made of subland
drills in high-production work.

Suhland drills with as many as four diam-
eters have been successfully used. For op-
timum results, however, the largest diame-
ter should be no greater than twice the
smallest diameter because of the variation
in cutting speeds and feeds.

Because the lands or margins of subland
drills arc ground to the correct size along
the full length of  the flute, each culling edge
can be sharpened separately and repeatedly
without affecting the others. When correct-
ly  sharpened and operated, subland drills
can readily produce accurate holes.

Gun drills (Fig. 12m), w'hich are used in
horizontal deep-hole drilling machines (see
the section “Deep-Hole Dril l ing Machines”
in this article), have a single V-shaped flute;
the single cutting face is sharpened offset to
form two cutting angles. When drilling,
these angles form two chips broken into
short lengths for easier expulsion. The drill
body is usually a steel tube through which a
cutting fluid passes under pressure and in
sufficient volume to cool and lubricate the
cutting area and Hush out chips. To counter
the unbalanced cutting force of the single
cutting edge, wear pads (usually carbide)
arc provided in the dril l opposite the cutting
face to keep the dril l on center. Gun drills
are used to dril l soft as well as hard mate-
rial.

For accurate holes, gun drills must be
used in rigid equipment with a positive feed.
With such equipment, gun drilling elimi-
nates the need for subsequent rough and
finish reaming. A properly started gun dril l
guided by a dri l l  bushing will produce a hole
that docs not dr i l l  from the centerline more
than 0.013 mm 10.0005 in.) in 50 mm (2 in.)
of  dril l travel. A spotface or a precision
center dri l l  can be used for more accurate
starting of  a gun drill. Gun drills are increas-
ing in use because they can frequently pro-
duce holes as accurate as reamed holes in
one pass. Tolerances as small as ±0.025
mm (±0.001 in.) and surface finishes up to
0.50 to 0.75 pm (20 lo 30 pin.) arc not
uncommon for some gun drilling applica-
tions. For maximum efficiency in gun drill-
ing, the culling fluid should provide a fluid
film between wear pads and work material.

F in  1 A geometry of drills modified to provide chip-breaking action through the addition of a rib (a),9*  ® radius (h), or o notch (c) to the drill flute

Aircraft drills, which are extensively
used by the aircraft and aerospace indus-
tries. are available as jobbers length drills
and as extension drills. These tools have a
Hute construction conforming to National
Aerospace Standard (NAS) 907 prepared by
the Aerospace Industries Association,
spring-tempered shanks to prevent perma-
nent bending, and overall lengths of 152 to
305 mm 16 to 12 in.). 1’hey are available with
either 1 18 or 135 ' split or offset drill points.
These drills are principally used for drilling
holes in inaccessible places that cannot be
reached with regular-length drills; they are
generally operated in portable drilling units.

Straight-shank, jobbers length aircraft
drills conforming to NAS 907 are available
in two types. Type A drills, with IIS' spin
points, are used for drilling aluminum, low-
carbon steels, magnesium, and other soft
materials. Type B drills, with 135" split
points, arc ot heavier design and are surface
treated for drilling hard steels, stainless
.steels, titanium, and other hard materials.

Short-flute aircraft drills with 1 18 points
arc desirable for tough, portable applica-
tions in titanium, heat-treated steels, and
aluminum. These drills arc surface treated
and have no body clearance. Ty pe C drills,
with 135’ split points, are made in screw-
machine lengths for use in machines or
portable units to dril l hard, lough sheet
metals of the heat-resistant stainless and
titanium alloy types.

Chip-breaker drills have flute modifica-
tions or  other design features to curl and
break the chips produced in most materials
in which long, stringy chips are normally
produced, thus minimizing clogging prob-
lems. Most of the various chip-breaker de-
signs involve a flute configuration that forc-
es long chips to curl and bend sufficiently so
that small broken chips are produced.

Until recently, the flute of the dril l was
thought of  only as a path for the chips to
follow as they emerge from the hole. How-
ever. with industry becoming more safety
conscious, stringy chips are now considered
to be a significant hazard to the operator.

Many approaches are used to modify the
flutes to provide a chip-breaking action.

Dril l points modified to enhance the chip-
breaking action are illustrated in Fig. 16.
Such flute designs arc built into the drills,
and no additional notches or grooves are
required when regrinding. For some applica-
tions. particularly with larger size twist drills,
chip-curling grooves arc ground in the rake
faces of the cutting lips, or chip-splining
grooves are ground in either the clearance or
rake faces. Chip-breaker drills sometimes re-
quire more torque than standard drills, and
there is a minimum feed rate below which
they do not operate effectively.

Chip-breaker drills cost about 10% more
than conventional drills, but the added cost
is easily offset by the longer tool life and the
time saved from not having the problem of
long chips. Tool life increases because of
the efficient chip ejection and better pene-
tration of  the coolant to the drill l ip.

Spotting and centering drills are
straight-shank twisl drills designed to pro-
duce accurate and true centers. 1 hey have
short flute and overall lengths and no body
clearance, which allows them l o  be chucked
close to rhe cutting point for accurate hole
starting or workpiece centering. A constant
web thickness eliminates the need for thin-
ning these drills when repointing.

Holes that are to be drilled and chamfered
in workpieces having a hard or  scaled sur-
face can be produced mure economically by
spot drilling i l o  form the chamfer) prior to
drilling. With this method, the spot dri l l  cuts
only a short lime through slock that has a
detrimental effect on tool life, while the hole
dril l cuts for a longer time through easicr-
to-machine material. Processing in this way
allows the drills to be rapidly advanced
closer to the workpiece, thus decreasing the
feed stroke and allowing a decrease in the
feed rate to increase tool life.

Step drills (Fig. I2j) have two or more
diameters, produced by grinding various
steps on the diameter of the drill. The steps
usually consist of  a square or angular cut-
ting edge. Step drills are extensively used in
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Fig. 17  Two )ype» of straight-flute gun drills used in deep-hole drilling, (a) Trepanning drill, (b) Cenier-cul dri l l

only a single cutting edge with a straight
flute running throughout its length. The
chips are carried out of  the hole along the
flute of the dril l as rapidly as they are
formed. Greater accuracy and finish can be
obtained in deep holes by the subsequent
use of special reamers or broaching tools.

Gun drilling is especially well suited to
producing long holes to close tolerances. I n
some applications, such as the drilling of
deep blind holes, gun drilling may be ihe
only practical melhod of  drilling a hole to
concentricity tolerances. Hole straightness,
roundness, and size can be held within
closer limits with a gun drill (han with a
twist drill, as demonstrated in (he following
example.

Example 2: Twist Drill Versus Gun Drill.
A gun dri l l  was compared with a standard
twist dril l for drilling 9.5 mm (Vs in.) diam
through holes 127 mm (5 in.) deep in gray
iron and type 304 stainless steel specimens.
The twist drill was used in a gcneral-pur-

pose 1.5 kW (2 hp) vertical dril l press: ihe
gun dril l, in  a 3.8 kW  (5 hp) modified boring
machine with hydraulic feed. Processing
details and results for each materia! drilled
are given in Table 3. As these data show.
Ihe gun dril l not only produced markedly
belter finish and dimensional accuracy than
the twist dril l but also drilled twice as many
pieces per grind, under production condi-
tions.

A spade drill is generally made up of a
spade bi i  inserted in a holder (big. I8al and
fastened securely in  a slot with a screw.
This type of dril l is most widely used for
drilling holes 25 to 152 mm ( I  to 6 in.) in
diameter. (Solid spade drills, usually of  car-
bide, are used for smaller holes.)

Spade drills (size range of 38 l o  381 mm.
or I 'A to 15 in. in diameter) have risen
rapidly in use in  the Iasi decade because of
their efficiency in making holes and then-
low cost compared to twist drills. I hey are
the only drills made as stock items in diam-
eters over 89 mm |3.5 in.).

A dull blade can be replaced on ihe
machine, as on indexable throwaway tools,
without the necessity of refinding size, re-
setting stops, breaking down setups, and
increasing or decreasing the length of a
drilling setup. Because of this feature,
spade drills can be easily preset for use on
automatic and NC machine tools. These
inserted-blade tools, also available with in-
dexable double-edge blades, are a type of
Hat end cutting dril l used lo  produce large-
diameter holes. Spade drilling is done with
either the tool or ihe workpiece rotating.

prevent welding of chips to the cutting edge
of the dril l, cool the dri l l  and the work, and
dispose ofchips by flushing out the hole.

Two types of straight-flute gun drills are
used for deep-hole drilling. One type,
known as a trepanning dril l or a pm-cutting
gun drill ( f i g .  17a). has no dead center and
leaves a solid core of metal. As (he drill
advances, the core acts as a continuous
center guide at I he point where the cutting is
done. This prevents the dril l from running
Io  one side and the hole accuracy is easier
to maintain I he other type, known as a
center-cut gun dril l ( f i g .  17b), has been the
conventional drill for many years. I l  is still
used for much deep-hole drilling, such as
the drilling of blind holes where a core-type
drill cannot be used Both trepanning and
center-cut drills are generally carhide lipped
(either solid carbide or a carbide insert!.

Gun drills operate at much smaller feeds
than conventional (wist drills, but the cut-
ting speeds tire higher. Each type of  dril l has

Table 3 Gun dr i l l  versus standard twist d r i l l  for through holes in  gray
i ron and  stainless steel

i ------ — Gray irunia) ------- -i i- ~ Type .KM -staiiiJes£‘Mi?«lt-a) —
Cunditiun tir rvsiitl Gun drill! b] Twist drillfi i Gun dl'illuh Twist drill(r)

Operating conditions

Speed.  rcv-'min . . . .  . . . . . . . 21KMI 6M 2001) 500
Speed,  rnmin  tsfnH . . .  ___ - - MH SKI) IK (Ml) Ml (200) 15 (5i)l
Feed,  nun/’rev 1 in .  'rev J . . .  .......... .......... 11.1)25 II 15 0 .015 0 .11

HMKHI II). 0061 (t).0006| 10.005)
Feed, mtrvmin un .mnn) .  . SO (21 91  (5.6) JI) 1 1 2) Ml (2.5)
Cutting fluid............. . .............. . . . . . . .Cu l l i ng  oil(f) Soluble oiltg) Cu t t i ng  riiltD So lub le  oi l igl

Results

Surface tin i.'sh. |aih . . . . &35-0..W 2.50-1 75 O.25-O.5K 2.50
(10-15) i IOO- 1 so . (10-151 ( 100)

Ho le  s t r a igh tnes s .  nim (in.? , , _____ 0 .025 II. M 0 .025 0.76-0. K9
(0.001) 1(1.025) (0.001) II1.O5O-I1.O55)

Out-uf-n'inniJncx*. mm Hn.i  . .......... 0.005 II 1)5 0.008 0.05
(0.IKKI2I (0.002) (0.000.1) (0.002)

Diametral  lokrancc,  mm t in . )  . . . . . . 0 .01  1 0 .05 0.025 6.08
(I1.IW5) (0.(X12) (0.001) (0.1X13)

Drill life pe r  g r ind ,  p iece*. .......... 160 8(1 50 25

(a  I

(fa) -2= - _______________

Fin 18  0 types of spade drills, (a) Spade drill" 9 ’  ® with interchangeable l ip. (b) Special dri l l
for hard steels

Gil Speuimenh nf both mutcrinlb wvtv 22 trim in.) in duiineierun.it 125 mm 15 in.) long Tlirbligh liul’cs drilled were 9 . '  mm (Mt in. I in
diameter and 125 inm <5 in I deep, (b) Carbiile-lip ecu ter uirt drill, 9,5 mm I m l  dium.ercr tel Tnper-lcngth twiu drill 9 5 inrn I in i
dlumcter. id ]  Sol id- cur hide venter-cut drill, 9.* mm ) diameter. ie> Heavy-such Jubber.x drill- 9 5 mm (Ml in ) Jiumeitr. if)
ChhinriHied mineral ml. ig.j Mixed I part tu 15 purls Mmlrr

Drilling / 223

Fig. 17  Two types of straight-flute gun drills used in deep-hole drilling, (a) Trepanning drill, (b) Cenier-cul dri l l

prevent welding ofchips io  the cutting edge
of the dril l, cool the dril l and (he work, and
dispose ol chips by Hushing out the hole.

I’wo types of straight-flute gun drills are
used lor deep-hole drilling. One type,
known as a trepanning dri l l  or a pin-cutting
gun dril l (1 ig. 17a). has no dead center and
leaves a solid core of metal. As the drill
advances, the core ads  as a continuous
center guide at the point where the cutting is
done This prevents the dril l from running
to one side and the hole accuracy is easier
to maintain. I he other type, known as a
center-cut gun drill (Fig. 17b), has been the
conventional drill lor many years. It is still
used for much deep-hole drilling, such as
the drilling of blind holes where a core-type
drill cannot be used Both trepanning and
center-cut drills are generally carbide lipped
(either solid carbide or a carhide insert I.

Gun drills operate at much smaller feeds
than conventional twist drills, but the cul-
ling speeds arc higher. Each type of  drill has

only a single cutting edge with a straight
flute running throughout its length. The
chips are carried out of  the hole along the
llute of the dril l as rapidly as they are
formed. Greater accuracy and finish can be
obtained in deep holes by the subsequent
use of special reamers or broaching tools.

Gun drilling is especially well suited to
producing long holes to close tolerances. I n
some applications, such as the drilling of
deep blind holes, gun drilling may be the
only practical method of drilling a hole to
concentricity tolerances. Hole straightness,
roundness, and size can be held within
closer limits with a gun drill than with a
twist drill, as demonstrated in the following
example.

Example 2: Twist Drill Versus Gun Drill.
A gun dril l was compared with a standard
twist drill for drilling 9.5 mm (Vx tn.) diam
through holes 127 mm (5 in.) deep in gray
iron and type 304 stainless steel specimens.
Ihe twist dri l l  was used in a gcneral-pur-

pose 1.5 kW (2 hp) vertical dril l press: the
gun drill, in a 3.8 kW  (5 hp) modified boring
machine with hydraulic feed. Processing
details and results for each material drilled
are given in fable 3. As these data show,
the gun drill not only produced markedly
better finish and dimensional accuracy than
the twist drill but also drilled twice as many
pieces per grind, under production condi-
tions.

A spade drill is generally made up of a
spade bn inserted in a holder (big. 18a) and
fastened securely tn a slot with a screw.
This ty pe of  drill is most widely used for
drilling holes 25 to 152 mm ( I  to 6 in.) m
diameter. (Solid spade drills, usually of  car-
bide, are used for smaller holes.)

Spade drills (size range of  38 Io 381 mm,
or I 1/? to 15 in. in diameter) have risen
rapidly in use in the last decade because of
their efficiency in making holes and their
low cost compared to twist drills. I hey arc
the only drills made as slock items in diam-
eters over 89 mm (3.5 in.).

A dull blade can be replaced on the
machine, as on indexable throwaway tools,
without the necessity of refinding size, re-
setting slops, breaking down setups, and
increasing or  decreasing the length of a
drilling setup. Because of this feature,
spade drills can be easily preset for use on
automatic and NC machine tools. These
insertcd-hlade tools, also available with in-
dexable double-edge blades, arc a type of
fiat end cutting drill used to produce large-
diameter holes. Spade drilling is done with
either the tool or the workpiece rotating.

Table 3 Gun dr i l l  versus standard twist  d r i l l  for through holes in  gray
i ron and  stainless steel

■ ------ — Crux iron l u )  ---------- -1 r- - type 304 stainless strelliii — ,
Crrnditiun or result Gun drill! b l Twist drlllri'i Gun drillrd) Twist drilher

Operating conditions

Speed, rev'min . . . .  .................... 2000 6(X> 2000 S(HI
Speed, tn mm islm) ........... ........... 60 1200) IK (6(1) 60 1 2(K) I 15 |5i)i
Feed, mnvrev tin. rev t . - - (l.O’S I) I s 0.015 (). | 1

(O.tKIII llHXMij (O.lMXVi) 1(13105)
Feed, mnv'miti (tn. imn). , ................. 50 (21 91 (3.6) 30 (1 2) 64 (2.5)
Cutting fluid. Cutting otl(f) Soluble iriltg) Cutting oiltf) Soluble oilig)

Results

Surface finish. |iiii (pin.) 0.35-0.38 2.50-3 75 0,25-0. 38 250
( 10-15) 1 100-1501 (10-15) (100)

Huie sinughtness. mm tin. J ............ . . .  0.025 0,64 0.025 0.76-0,89
(0.001 1 t(l 025) (0.001) ((1 03(1-11.035)

Out-oi’-nnmdnes-i. mm Un t .................... (1.0(15 1) 05 0.(108 0.05
(O.IXKC) (0.1X12) (0.0003) (0 0021

Duinteir.d tolerance, mm Im.) . . _____ 0.013 0.05 0 025 6.08
((1.IMKI5) (0.002) (0.001 1 (03X13)

Dri l l  l ife per grind, pieces. .................... 160 HO 50 25

I.ii .Specimens o f  both material > were 22 mm (S  m un  diameter und 125 mm 15 in.) tune Through holes dril led were '> ' rnm ( M< in .  1 in
diameter anil 115 mm O in I deep. (h) Cdrhi ik-nn cctjivr art dril l. 4 * mm i ’At i n  1 diameter K I  Taper -term th dril l 9 5 imn 1 Or i n  r
diumclei ( d l  Solid carbide , enter -cm du l l  mm ( in ) diameter . ie> Hcavv-wch lubbers dnfl. 9 ' mm (Vn i ni ) diameter if>
Chlnnnaled mineral oil i g i  Mixed I parr lu I 5 part'- wilier

Fin 1 ft Two b'P 65 spode drills, (a) Spade drillr ig .  I O i n f e rc  har) gea ble tip. (b) Special drill

for hard steels
Page 12 Wang Ex. 2099

IPR2023-00473 and IPR2023-00474


	1.jpg
	2.jpg
	01.jpg
	02.jpg
	03.jpg
	04.jpg
	05.jpg
	07.jpg
	08.jpg
	09.jpg
	10.jpg
	11.jpg
	12.jpg
	13.jpg
	14.jpg
	15.jpg
	16.jpg
	17.jpg
	18.jpg
	19.jpg
	20.jpg
	21.jpg
	22.jpg
	23.jpg
	24.jpg
	25.jpg
	26.jpg
	27.jpg
	28.jpg
	29.jpg
	30.jpg
	31.jpg
	32.jpg
	33.jpg
	34.jpg
	35.jpg
	36.jpg
	37.jpg
	38.jpg
	39.jpg
	40.jpg
	41.jpg
	42.jpg
	43.jpg
	44.jpg
	45.jpg
	46.jpg
	47.jpg
	48.jpg
	49.jpg
	51.jpg
	52.jpg
	53.jpg
	54.jpg
	55.jpg
	56.jpg
	57.jpg
	58.jpg
	59.jpg
	60.jpg
	61.jpg
	62.jpg
	63.jpg
	64.jpg
	65.jpg
	66.jpg
	67.jpg
	68.jpg
	69.jpg
	70.jpg
	71.jpg
	72.jpg
	73.jpg
	74.jpg
	75.jpg
	76.jpg
	77.jpg
	78.jpg
	79.jpg
	80.jpg
	81.jpg
	82.jpg
	83.jpg
	84.jpg
	85.jpg
	86.jpg
	87.jpg
	88.jpg
	89.jpg
	90.jpg
	91.jpg
	92.jpg
	93.jpg
	94.jpg
	95.jpg
	96.jpg
	97.jpg
	98.jpg
	99.jpg
	100.jpg
	101.jpg
	102.jpg
	103.jpg
	104.jpg
	105.jpg
	106.jpg
	107.jpg
	108.jpg
	109.jpg
	110.jpg
	111.jpg
	112.jpg
	113.jpg
	114.jpg
	115.jpg
	116.jpg
	117.jpg
	119.jpg
	121.jpg
	122.jpg
	123.jpg
	124.jpg
	125.jpg
	126.jpg
	127.jpg
	128.jpg
	129.jpg
	130.jpg
	131.jpg
	132.jpg
	133.jpg
	135.jpg
	136.jpg
	137.jpg
	138.jpg
	139.jpg
	140.jpg
	141.jpg
	142.jpg
	143.jpg
	144.jpg
	145.jpg
	146.jpg
	147.jpg
	148.jpg
	149.jpg
	150.jpg
	151.jpg
	152.jpg
	153.jpg
	154.jpg
	155.jpg
	156.jpg
	157.jpg
	158.jpg
	159.jpg
	160.jpg
	161.jpg
	162.jpg
	163.jpg
	164.jpg
	165.jpg
	166.jpg
	167.jpg
	168.jpg
	169.jpg
	170.jpg
	171.jpg
	172.jpg
	173.jpg
	174.jpg
	175.jpg
	176.jpg
	177.jpg
	178.jpg
	179.jpg
	180.jpg
	181.jpg
	182.jpg
	183.jpg
	184.jpg
	185.jpg
	186.jpg
	187.jpg
	188.jpg
	189.jpg
	190.jpg
	191.jpg
	192.jpg
	193.jpg
	194.jpg
	195.jpg
	196.jpg
	197.jpg
	198.jpg
	199.jpg
	200.jpg
	201.jpg
	202.jpg
	203.jpg
	204.jpg
	205.jpg
	206.jpg
	207.jpg
	208.jpg
	209.jpg
	210.jpg
	211.jpg
	212.jpg
	213.jpg
	214.jpg
	215.jpg
	216.jpg
	217.jpg
	218.jpg
	219.jpg
	220.jpg
	221.jpg
	222.jpg
	223.jpg
	224.jpg
	225.jpg
	226.jpg
	227.jpg
	228.jpg
	229.jpg
	230.jpg
	231.jpg
	232.jpg
	233.jpg
	234.jpg
	235.jpg
	236.jpg
	237.jpg
	238.jpg
	239.jpg
	240.jpg
	241.jpg
	242.jpg
	243.jpg
	244.jpg
	245.jpg
	246.jpg
	247.jpg
	248.jpg
	249.jpg
	250.jpg
	251.jpg
	252.jpg
	253.jpg
	254.jpg
	255.jpg
	256.jpg
	257.jpg
	258.jpg
	259.jpg
	260.jpg
	261.jpg
	262.jpg
	263.jpg
	264.jpg
	265.jpg
	266.jpg
	267.jpg
	268.jpg
	269.jpg
	270.jpg
	271.jpg
	272.jpg
	273.jpg
	274.jpg
	275.jpg
	276.jpg
	277.jpg
	278.jpg
	279.jpg
	280.jpg
	281.jpg
	282.jpg
	283.jpg
	284.jpg
	285.jpg
	286.jpg
	287.jpg
	288.jpg
	289.jpg
	290.jpg
	291.jpg
	292.jpg
	293.jpg
	294.jpg
	295.jpg
	296.jpg
	297.jpg
	298.jpg
	299.jpg
	300.jpg
	301.jpg
	302.jpg
	303.jpg
	304.jpg
	305.jpg
	306.jpg
	307.jpg
	308.jpg
	309.jpg
	310.jpg
	311.jpg
	312.jpg
	313.jpg
	314.jpg
	315.jpg
	316.jpg
	317.jpg
	318.jpg
	319.jpg
	320.jpg
	321.jpg
	322.jpg
	323.jpg
	324.jpg
	325.jpg
	326.jpg
	327.jpg
	328.jpg
	329.jpg
	330.jpg
	331.jpg
	332.jpg
	333.jpg
	334.jpg
	335.jpg
	336.jpg
	337.jpg
	338.jpg
	339.jpg
	340.jpg
	341.jpg
	342.jpg
	343.jpg
	344.jpg
	345.jpg
	346.jpg
	347.jpg
	348.jpg
	349.jpg
	350.jpg
	351.jpg
	352.jpg
	353.jpg
	354.jpg
	355.jpg
	356.jpg
	357.jpg
	358.jpg
	359.jpg
	360.jpg
	361.jpg
	362.jpg
	363.jpg
	364.jpg
	365.jpg
	366.jpg
	367.jpg
	368.jpg
	369.jpg
	370.jpg
	371.jpg
	372.jpg
	373.jpg
	374.jpg
	375.jpg
	376.jpg
	377.jpg
	378.jpg
	379.jpg
	380.jpg
	381.jpg
	382.jpg
	383.jpg
	384.jpg
	385.jpg
	386.jpg
	387.jpg
	388.jpg
	389.jpg
	390.jpg
	391.jpg
	392.jpg
	393.jpg
	394.jpg
	395.jpg
	396.jpg
	397.jpg
	398.jpg
	399.jpg
	400.jpg
	401.jpg
	402.jpg
	403.jpg
	404.jpg
	405.jpg
	406.jpg
	407.jpg
	408.jpg
	409.jpg
	410.jpg
	411.jpg
	412.jpg
	413.jpg
	414.jpg
	415.jpg
	416.jpg
	417.jpg
	419.jpg
	421.jpg
	422.jpg
	423.jpg
	424.jpg
	425.jpg
	426.jpg
	427.jpg
	428.jpg
	429.jpg
	430.jpg
	431.jpg
	432.jpg
	433.jpg
	434.jpg
	435.jpg
	436.jpg
	437.jpg
	438.jpg
	439.jpg
	440.jpg
	441.jpg
	442.jpg
	443.jpg
	444.jpg
	445.jpg
	446.jpg
	447.jpg
	448.jpg
	449.jpg
	450.jpg
	451.jpg
	452.jpg
	453.jpg
	454.jpg
	455.jpg
	456.jpg
	457.jpg
	458.jpg
	459.jpg
	460.jpg
	461.jpg
	462.jpg
	463.jpg
	464.jpg
	465.jpg
	466.jpg
	467.jpg
	468.jpg
	469.jpg
	470.jpg
	471.jpg
	472.jpg
	473.jpg
	474.jpg
	475.jpg
	476.jpg
	477.jpg
	478.jpg
	479.jpg
	480.jpg
	481.jpg
	482.jpg
	483.jpg
	484.jpg
	485.jpg
	486.jpg
	487.jpg
	488.jpg
	489.jpg
	490.jpg
	491.jpg
	492.jpg
	493.jpg
	494.jpg
	495.jpg
	496.jpg
	497.jpg
	498.jpg
	499.jpg
	500.jpg
	501.jpg
	502.jpg
	503.jpg
	504.jpg
	505.jpg
	507.jpg
	509.jpg
	510.jpg
	511.jpg
	512.jpg
	513.jpg
	514.jpg
	515.jpg
	516.jpg
	517.jpg
	518.jpg
	519.jpg
	520.jpg
	521.jpg
	522.jpg
	523.jpg
	524.jpg
	525.jpg
	526.jpg
	527.jpg
	528.jpg
	529.jpg
	530.jpg
	531.jpg
	532.jpg
	533.jpg
	534.jpg
	535.jpg
	536.jpg
	537.jpg
	538.jpg
	539.jpg
	540.jpg
	541.jpg
	542.jpg
	543.jpg
	544.jpg
	545.jpg
	546.jpg
	547.jpg
	548.jpg
	549.jpg
	550.jpg
	551.jpg
	552.jpg
	553.jpg
	554.jpg
	555.jpg
	556.jpg
	557.jpg
	558.jpg
	559.jpg
	560.jpg
	561.jpg
	562.jpg
	563.jpg
	564.jpg
	565.jpg
	566.jpg
	567.jpg
	568.jpg
	569.jpg
	570.jpg
	571.jpg
	572.jpg
	573.jpg
	574.jpg
	575.jpg
	576.jpg
	577.jpg
	578.jpg
	579.jpg
	580.jpg
	581.jpg
	582.jpg
	583.jpg
	584.jpg
	585.jpg
	586.jpg
	587.jpg
	588.jpg
	589.jpg
	590.jpg
	591.jpg
	592.jpg
	593.jpg
	595.jpg
	597.jpg
	598.jpg
	599.jpg
	600.jpg
	601.jpg
	602.jpg
	603.jpg
	604.jpg
	605.jpg
	606.jpg
	607.jpg
	608.jpg
	609.jpg
	611.jpg
	613.jpg
	614.jpg
	615.jpg
	616.jpg
	617.jpg
	618.jpg
	619.jpg
	620.jpg
	621.jpg
	623.jpg
	624.jpg
	625.jpg
	626.jpg
	627.jpg
	628.jpg
	629.jpg
	630.jpg
	631.jpg
	632.jpg
	633.jpg
	634.jpg
	635.jpg
	636.jpg
	637.jpg
	639.jpg
	640.jpg
	641.jpg
	642.jpg
	643.jpg
	644.jpg
	645.jpg
	646.jpg
	647.jpg
	648.jpg
	649.jpg
	650.jpg
	651.jpg
	652.jpg
	653.jpg
	654.jpg
	655.jpg
	656.jpg
	657.jpg
	658.jpg
	659.jpg
	660.jpg
	661.jpg
	662.jpg
	663.jpg
	664.jpg
	665.jpg
	666.jpg
	667.jpg
	668.jpg
	669.jpg
	670.jpg
	671.jpg
	672.jpg
	673.jpg
	674.jpg
	675.jpg
	676.jpg
	677.jpg
	678.jpg
	679.jpg
	680.jpg
	681.jpg
	682.jpg
	683.jpg
	684.jpg
	685.jpg
	686.jpg
	687.jpg
	688.jpg
	689.jpg
	690.jpg
	691.jpg
	692.jpg
	693.jpg
	694.jpg
	695.jpg
	696.jpg
	697.jpg
	698.jpg
	699.jpg
	700.jpg
	701.jpg
	702.jpg
	703.jpg
	704.jpg
	705.jpg
	706.jpg
	707.jpg
	708.jpg
	709.jpg
	710.jpg
	711.jpg
	712.jpg
	713.jpg
	715.jpg
	716.jpg
	717.jpg
	718.jpg
	719.jpg
	720.jpg
	721.jpg
	722.jpg
	723.jpg
	724.jpg
	725.jpg
	726.jpg
	727.jpg
	728.jpg
	729.jpg
	730.jpg
	731.jpg
	732.jpg
	733.jpg
	734.jpg
	735.jpg
	736.jpg
	737.jpg
	738.jpg
	739.jpg
	740.jpg
	741.jpg
	742.jpg
	743.jpg
	744.jpg
	745.jpg
	746.jpg
	747.jpg
	748.jpg
	749.jpg
	750.jpg
	751.jpg
	752.jpg
	753.jpg
	754.jpg
	755.jpg
	756.jpg
	757.jpg
	758.jpg
	759.jpg
	760.jpg
	761.jpg
	762.jpg
	763.jpg
	764.jpg
	765.jpg
	766.jpg
	767.jpg
	768.jpg
	769.jpg
	770.jpg
	771.jpg
	772.jpg
	773.jpg
	774.jpg
	775.jpg
	776.jpg
	777.jpg
	778.jpg
	779.jpg
	780.jpg
	781.jpg
	782.jpg
	783.jpg
	784.jpg
	785.jpg
	786.jpg
	787.jpg
	788.jpg
	789.jpg
	790.jpg
	791.jpg
	792.jpg
	793.jpg
	794.jpg
	795.jpg
	796.jpg
	797.jpg
	798.jpg
	799.jpg
	800.jpg
	801.jpg
	802.jpg
	803.jpg
	804.jpg
	805.jpg
	806.jpg
	807.jpg
	808.jpg
	809.jpg
	810.jpg
	811.jpg
	812.jpg
	813.jpg
	814.jpg
	815.jpg
	816.jpg
	817.jpg
	818.jpg
	819.jpg
	820.jpg
	821.jpg
	822.jpg
	823.jpg
	824.jpg
	825.jpg
	826.jpg
	827.jpg
	828.jpg
	829.jpg
	830.jpg
	831.jpg
	832.jpg
	833.jpg
	834.jpg
	835.jpg
	836.jpg
	837.jpg
	838.jpg
	839.jpg
	840.jpg
	841.jpg
	842.jpg
	843.jpg
	844.jpg
	845.jpg
	846.jpg
	847.jpg
	848.jpg
	849.jpg
	850.jpg
	851.jpg
	852.jpg
	853.jpg
	854.jpg
	855.jpg
	856.jpg
	857.jpg
	858.jpg
	859.jpg
	860.jpg
	861.jpg
	862.jpg
	863.jpg
	864.jpg
	865.jpg
	866.jpg
	867.jpg
	868.jpg
	869.jpg
	870.jpg
	871.jpg
	872.jpg
	873.jpg
	874.jpg
	875.jpg
	876.jpg
	877.jpg
	878.jpg
	879.jpg
	880.jpg
	881.jpg
	882.jpg
	883.jpg
	884.jpg
	885.jpg
	886.jpg
	887.jpg
	888.jpg
	889.jpg
	890.jpg
	891.jpg
	892.jpg
	893.jpg
	894.jpg
	895.jpg
	896.jpg
	897.jpg
	898.jpg
	899.jpg
	900.jpg
	901.jpg
	903.jpg
	904.jpg
	905.jpg
	906.jpg
	907.jpg
	908.jpg
	909.jpg
	910.jpg
	911.jpg
	912.jpg
	913.jpg
	914.jpg
	915.jpg
	916.jpg
	917.jpg
	918.jpg
	919.jpg
	920.jpg
	921.jpg
	922.jpg
	923.jpg
	924.jpg
	925.jpg
	926.jpg
	927.jpg
	928.jpg
	929.jpg
	930.jpg
	931.jpg
	932.jpg
	933.jpg
	934.jpg
	935.jpg
	936.jpg
	937.jpg
	938.jpg
	939.jpg
	940.jpg
	941.jpg
	942.jpg
	943.jpg
	944.jpg



