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Chapter 1

INTRODUCTION TO THE MACHINE SHOP

GENERAL INFORMATION

FORMS, RECORDS, AND REPORTS

Accurate records are valuable. Unit officers are responsible
for completion of forms, records, and reports. DA Pam 738-
750 lists records, reports, and authorized forms that are
normally used for inspection and repair. Properly executed
forms authorize and record repair or replacement of materiel.
The forms, records, and reports document the work required,
follow the progress of the work within the shops, and indicate
the status of the material upon completion of repairs.

FIELD REPORT OF ACCIDENTS

The reports necessary to comply with the requirements of
the Army Safety Program are prescribed in detail in AR 385-
40. These reports are required for any accidents involving
iry'urgl or damage. For a listing of all forms, refer to DA Pam
25-30.

Any deficiencies detected in the equipment covered herein
should be immediately reported in accordance with DA Pam

738-750. These reports will be submitted as an Equipment
Improvement Recommendation on SF 368.

DEFINITION OF MACHINE TOOLS

~Machine tools are power-driven equipment designed to
drill, bore, grind, or cut metal or other material.

LISTING OF MACHINE TOOLS
A complete list of machine tools including specialized
machine tools currently authorized for issue is in Component
List C 3405/70-IL.

SPECIALIZED MACHINE TOOLS

In view of the different design and operating features
incorporated in specialized machine tools (cylinder boring

machines, brake reliners, valve seat grinders. and so forth) by
various manufacturers, no attempt has been made to include
information pertinent to them in this manual. For complete
information on these tools, see pertinent TM 9-3400-, TM 9-
5100-, and TM 9-9000-series technical manuals covering the
specific machines.

RISK-MANAGEMENT

To assure a high degree of safety, no machine -tool is to be
used unless the risk management process as outlined below is
understood and applied by the user and the supervisor:

1. Identify the potential hazard(s) that the machine tool can
generate.

2. Assess the probability and severity of | (s) by
utilizing the Risk Assessment Matrix in|figure 1-1f Risk
acceptance decision authority for the risk levels is as follows:

a. Extremely high - CG, TRADOC; DCG, TRADOC;
or the Chief of Staff, TRADOC.

b. High - Major subordinate commands, installation
commanding generals, and school commandants of general
officer rank.

c. Moderate and low - Deledgated to the appropriate
level in your unit chain of command.

3. Determine the risk control measures that will eliminate the
hazard(s) or reduce the risk.

4. Implement the risk control measures before and during
operation of the machine tool to eliminate the hazards or
reduce their risks.

5. Supervise and evaluate the process. Enforce the
established standards and risk control measures. Evaluate the
effectiveness of the control measures and adjust/update them
as necessary.
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PROBABILITY
Frequent Likelv Occasional | Remote | Unlikelv
A C D E

S {Catastrophic I Moderate
E Extremely
;:' Criticat |u|  High High Moderate
R .
1§ Marginal I High Moderate
T
Y| Negligible IV] Moderate Low
Figure 1-1.Risk assessment matrix.

PROBABILITY SEVERITY

1-2

FREQUENT - Individual soldier/item - Occurs often in
the career/equipment service life. All soldiers or item
inventory exposed - Continuously experienced during
operation/mission.

LIKELY - Individual soldier/item - Occurs several times
in career/equipment service life. - All soldiers or item
inventory  exposed. - Occurs  frequently during
operator/mission.

OCCASIONAL - Individual soldier/item. - Occurs
sometimes in career/equipment service life. All soldiers
or item inventory exposed. Occurs sporadically, or -
several times in Inventory service or operations/mission.

REMOTE - Individual soldier/item - Possible to occur
in career/equipment service life. All soldiers or item
inventory exposed, Remote chance of occurrence -
Expected to occur sometime in inventory service life or
operation/mission.

UNLIKELY - Individual soldier/item - Can assume will
not occur in career/equipment/service life. All soldiers
or item inventory exposed. - Possible, but improbable;
occurs only very rarely during operation/mission.

I. CATASTROPHIC - Death or permanent total
disability. System loss. Major property damage.

II CRITICAL- Permanent partial disability. Temporary
total disability in excess of 3 months. Major system damage.
Significant property damage.

[11. MARGINAL - Minor injury. Lost workday accident
with compensable injury/illness. Mirror system damage.
Minor property damage.

IV. NEGLIGIBLE - First aid or minor supportive medical
treatment. Minor system impairment.

RISK LEVELS

EXTREMELY HIGH - Loss of ability to accomplish
mission.

HIGH - Significantly degrades mission capabilities in terms
of required mission standards.

MODERATE- Degrades mission capabilities in terms of
required missions standards.

LOW - Little or no impact on accomplishment of mission.
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MACHINE SHOP WORK

SCOPE

Machine shop work is generally understood to include all
cold-metal work by which an operator, using either power
driven equipment or hand tools, removes a portion of the
metal and shapes it to some specified form or size. It does not
include sheet metal work and coppersmithing.

LAYING OUT WORK

“Laying out” is a shop term which means to scribe lines,
circles, centers, and so forth, upon the surface of any material
to serve as a guide in shaping the finished workpiece. This
laying out procedure is similar to shop drawing but differs
from 1t in one important respect. The lines on a shop drawing
are used for reference purposes only and are not measured or
transferred. In layout work, even a slight error in scribing a
line or center may result in a corresponding or greater error

in the finished workpiece, For that reason, all scribed lines
should be exactly located and all scriber, divider, and center
points should be exact and sharp.

SCRIBING LINES ON METAL

The shiny surface, found on most metals, makes it difficult
to see the layout lines.

Layout dye (Figure 1-2), when applied to the metal surface,
makes it easier for the layout lines to be seen. Layout dye is
usually blue and offers an excellent contrast between the metal
and the layout lines.

Before applying layout dye, ensure that all grease and oil
has been cleaned from the work surface. Otherwise the dye
will not adhere properly.

Figure 1-2. Applying layout dye.

1-3



TC 9-524

COMMON LAYOUT TOOLS
Scriber

To obtain an accurate layout, fine lines must be scribed in
the metal. A scriber (Figure 1-3) is the layout tool that is used
to produce these lines. The point is made of hardened steel
and is kept chain by honing on an oilstone.

Figure 1-3. Scribers.
Divider
When laying out circles, arcs, and radii, it is best to use the

divider (Figure 1-4). The legs of the divider must be of the
same length and be kept sharp. The divider cart be used to

Figure 1-4. Divider.

1-4

lay out and measure distances (Figure 1-5). To set the divider
to the correct length, place one point on an inch mark of a
steel rule and open the divider until the other leg matches the
correct measure-merit required (Figure 1-6).

7™

\\\—_—/

Figure 1-5. Using divider to layout equal measurement.

Figure 1-6. Correct method of setting dividers.



Trammel

When scribing circles, arcs, and radii that are too large to be
produced with the divider, a trammel should be used (Figure
1-7). The trammel is made of three main parts: the beam, two
sliding heads with scriber points, and an adjusting screw that
is attached to one of the heads. The trammel can be made to
scribe larger distances with the use of extension rods. This
layout tool is set in the same manner as the divider.

Figure 1-7. Trammel.

Hermaphrodite Caliper

The hermaphrodite caliper (Figure 1-8) is a tool used to lay
out lines that are parallel with the ed?es of the workpiece
(Figure 1-9). It can also be used to locate the center of
cylindrical shaped workplaces (Figure 1-10).

Figure 1-8. Hermaphrodite calipers.

e
N
N

Figure 1-9. Laying out lines parallel to the edge of workpiece.
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Figure 1-10. Obtaining center of cylindrical work.
Surface Gage

~ Asurface gage (Figure 1-11) is used for many purposes, but
is most often used for layout work. The gage can be used to

scribe layout lines at any given distance parallel to the work
surfacengure 1-12)]

SPINDLE ROCKER
BRACKET

ROCKER|

Figure 1-11. Surface gage.
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Figure [-12. Parallel line scribed with surface gage.

| The rocker adjusting screw provides for finer adjustmen
of the spindle by pivoting the spindle rocker bracket. The
scriber can be positioned at any height and in any desired
direction on the spindle by adjusting the scriber. A surface
plate and combination square HFigur.e |-13) are needed to set
the surface gage to the correct dimension.

The spindle may be adjusted to any position with respect to
Ilhﬁoase and tightened in place with the spindle nu

Surface Plate

A surface plate (Figure I-14) provides a true, smooth, plane
surface. It is used in conjunction with surface and height gages
as a level base on which the gages and the workpiece are
placed to obtain accurate measurements. These plates are
made of semi-steel or granite and should never be used for
any job that would scratch or nick the surface.

-

Figure 1-14. A granite surface plate.

o

6
T

SOUARE —__ |

SCRIBER

flﬁdn.lfhlm am

lIlllIllj llllljllll

Py

SURFACE PLATE'-—"J !

Figure 1-13. Setting surface gage scriber on surface plate 2.
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Vernier Height Gage

The vernier height gage (Figure 1-15) is a caliper with a
special foot block to adapt it for use on a surface plate. Height
gages are available in several sizes: the most common are the
10, 18, and 24 inch gages in English measure and the 25 and
46 cm gages in metric measure. Like the vernier caliper, these
height gages are graduated in divisions of 0.025 inch and a
vernier scale of 25 units for reading measurements to
thousandths of an inch. Always be sure the bottom of the foot
block (Figure 1-15) is clean and free from burrs.

M-

L Tl h_‘l

FOOT BLOCK

r ) |

Figure 1-15. Vernier height gage.

Figure 1-16 shows the height gage with a tungsten carbide
marker. This marker is used to lay out lines on glass, hardened
steel. or other hard materials.
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Figure 1-16. Using height gage with carbide marker.

Figure 1-17 illustrates the use of an offset scriber with the
height gage. This scriber reaches below the gage base. Do not

attempt to adjust the sliding jaw while it is clamped to the
upright beam.

\_

Figure 1-17. Using height gage with offset scriber.

Combination Square Set

The combination square set gFiéure 1-18] is used for a
number of layout operations. The set consists of a blade
(graduated rule), square head, protractor, and center head.

1-7
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Blade

The blade is designed to allow the different heads to slide
along the blade and be clamped at any desired location. The
groove in the blade is concave to eliminate dirt buildup and
ﬁermit a free and easy slide for the heads. By removing all the

eads, the blade may be used alone as a rule.

Square Head
The square head is designed with a 45° and 90° edge, which
makes it possible to be used as a try square and miter square.
By extending the blade below the square, it can be used as a
depth rule. The square head can also be used as a level.
Protractor Head
The protractor head is equipped with a revolving turret

graduated in degrees from 0 to 180 or to 90 in either direction.
It is used to measure or lay out angles to an accuracy of 1°.

Center Head

The center head, when inserted on the blade, is used to
locate and lay out the center of cylindrical workplaces.

SPIRIT LEVEL
W/ SQUARE HEAD

PROTRACTOR
1~ HEAD

CENTER HEAD”V

Figure 1-18. Combination square set.

REVOLVING
TURRET

Bevel Protractor

The bevel protractor éFigure 1-19) consists of an adjustable
blade with a graduated dial. The blade is usually 12 inches
long and 1716 inch thick. The dial is graduated in degrees
through a complete circle of 360°. The most common use for
this tool is laying out precision angles. The vernier scale is
used for accurate angle adjustments and is accurate to 5
minutes or 1/12°.

1-8

ADJUSTABLE

GRADUATED

ACUTE ANG
ATTACHMENT

Figure 1-19. Bevel protractor.

STEPS IN MAKING A LAYOUT

Planning before beginning any layout is one of the most
important steps. Each job may require different layout tools
depending on the accuracy needed; however, there are certain

rocedures which should be followed in any layout [Figure 1
[?ﬂ shows a typical layout.

Study the shop drawing or queﬂrint carefully before you
cut off the stock. Allow enough material to square the
ends if required.

» Remove all oil and grease from the work surface and
apply layout dye.

 Locate and scribe a reference or base line. All the other
measurements should be made from this. If the workpiece
already has one true edge, it can be used in place of the
reference line.

» Using the base line as a reference line, locate and scribe
all center lines for each circle, radius, or arc.

« Mark the points where the center lines intersect using a
sharp prick punch.

o Scribe all circles, radii, and arcs using the divider or
trammel,

. Usi_n%the correct type protractor, locate and scribe all
straight and angular Tines.

o Scribe all lines for internal openings.
« All layout lines should be clean, sharp, and fine. Reapply

layout dye to all messy, wide, or incorrect lines and
rescribe.



The layout tools mentioned in this section are only the most
commonly used. For more information on the use and care of
these tools and other layout and measuring tools, refer to TM
9-243.

TC 9-524
JIGS AND FIXTURES

The primary purpose of jigs and fixtures is to align the tool
and hold the workpiece properly during machining. A fixture
is a device which holds the work while cutting tools are in
operation. It differs from a jig in that it has no guides or
special arrangements for guiding tools. A jig is also a fixture
for locating or holding the work and guiding the cutting tool
in operations such as drilling, reaming, counterboring, and
countersinking.

~ N
SCRIBE THE REFERENCE LINES SCRISE CENTER LINES FOR ALL CIRCLES, ARCS
AND RADI
SCRIBE IN ALL CIRCLES, ARCS AND RADII LOCATE AND SCRIBE IN ALL STRAIGHT AND
ANGULAR LINES
CONNECT ALL INTERNAL OPENINGS COMPLETED PRODUCT
. J

Figure 1-20. Typical Layout.
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Jigs and fixtures can greatly reduce the cost of
manufacturing large quantities of parts. Their use is also an
advantage when the interchangeability and accuracy of the
finished products are important. They also can be used in low
or limited production jobs if extreme accuracy must be
maintained. One of their greatest advantages is that relatively
un?killed labor can accomplish the job using these special
tools.

MECHANICAL DRAWINGS AND
BLUEPRINTS

Mechanical Drawings

A mechanical drawing, made with special instruments and
tools, gives a true representation of an object to be made,
including its shape, size, description, material to be used, and
method of manufacture.

Blueprints

A blueprint is an exact duplicate of a mechanical drawing.
These are the most economical and satisfactory working
drawings in use. They do not soil easily and are
comparatively easy to read. Blueprint paper is a good grade of
white ﬁaper coated with a chemical solution. making it
greenish yellow. A blueprint is made by placing a tracing of a
mechanical drawing on a sheet of blueprint paper and
exposing it to light. During exposure. the light penetrates
where there are no lines or printing on the tracing but does
not penetrate where there are lines or printing. The print is
then washed in water. which changes the exposed chemical to
a dark blue and washes the chemical off where lines and
|or|nt|ng prevented exposure. In other words. the process
eaves white lines on dark blue background.

Working From Drawings

Detail prints usually show only the individual part or piece
that must be produced. They show two or more orthographic
(straight-on) views of the object. and in special cases. they
may show an isometric projection. without dimension lines,
near the upper right corner. An isometric projection shows
how the part will look when made. Each drawing or blueprint
carries a number. located in the upper left-hand corner and in
the title box in the lower right-hand corner of the print. The
title box also shows the part name, the scale used, the pattern
number. the material required. the assembly or subassembly
print number to which the part belongs. the job order number,
the quantity and date of the order. and the names or initials of
the persons who drew. checked. and approved the drawings
Accurate and satisfactor?]/ fabrication of a part
described on a drawing depends upon the following:

110

Correctly reading the drawing and closely observing all
data on the drawing.

. Shelectbing the correct tools and instruments for laying out
the job.

o Use the baseline or reference line method of locating the
dimensional points during layout. thereby avoiding
cumulative errors.

«  Strictly observing tolerances and allowances.

+ Accurate gaging and measuring of work throughout the
fabricating process.

+ Giving due consideration when measuring for expansion
of the workpiece by heat generated by the cutting
operations. This is especially important when checking
dimensions during operations, if work is being machined
to close tolerances.

Limits of Accuracy

Work must be performed within the limits of accuracy
specified on the drawing. A clear understanding of tolerance
and allowance will help you avoid making small, but
Botentlally large errors. These terms may seem closely related

ut each has a very precise meaning and application. The
paragraphs below point out the meanings of these terms and
the importance of observing the distinctions between them.

Tolerance

Working to the absolute or exact basic dimension is
impractical and unnecessary in most instances; therefore, the
designer calculates. in addition to the basic dimensions, an
allowable variation. The amount of variation. or limit of error
permissible is indicated on the drawing as plus or minus (+)
a given amount. such as + 0.005 or + 1/64. The difference
between the allowable minimum and the allowable maximum
dimension is tolerance. When tolerances are not actually
specified on a drawing, fairly concrete assumptions can be
made concerning the accuracy expected. by using the
following principles, For dimensions which end in a fraction
of an inch. such as 1/8, 1/16, 1/32, 1/64. consider the
expected accuracy to be to the nearest 1/64 inch. When the
dimension is given in decimal form the following applies: If a
dimension is given as 2.000 inches, the accurac% expected is
+0.005 inch: or if the dimension is given as 2.00 inches, the
accuracy expected is +0,010 inch. The +0.005 is called in
shop terms, "plus or minus five thousandths of an inch.” The
+0.010 is called “plus or minus ten thousandths of an inch.”



Allowance

Allowance is an intentional difference in dimensions of
mating parts to provide the desired fit. A clearance allowance
permits movement between mating parts when assembled. For
example, when a hole with a 0.250-inch diameter is fitted with
a shaft that has a 0.245-inch diameter, the clearance allowance
is 0.005 inch. An interference allowance is the opposite of a
clearance allowance. The difference in dimensions in this case
provides a tight fit. Force is required when assembling parts
which have an interference allowance. If a shaft with a 0.251-
inch diameter is fitted in the hole identified in the preceding
example, the difference between the dimensions will give an
interference allowance of 0.001 inch. As the shaft is larger
than the hole, force is necessary to assemble the parts.

TC 9-524

Precautions

Be sure you have the correct print for the part to be made or
repaired. You want the print which has not only the correct
title, but also the correct assembly number. Never take a
measurement with a rule directly from the print because the
tracing from which the print was made may not have been
copied from the original drawing perfectly and may contain
scaling errors. Also, paper stretches and shrinks with changes
in atmospheric conditions. Dimensions must be taken only
from the figures shown on the dimension lines. Be very
careful in handling all blueprints and working drawings.
When they are not In use, place them on a shelf, in a cabinet,
or in a drawer. Return them to the blueprint file as soon as the
job is done. Blueprints and working drawings are always
valuable and often irreplaceable. Make it a point never to
mutilate, destroy, or lose a blueprint.

o 4 @ DD GG PSP P W W ® R L_-----q

3/4
L
- 13/4 - l
t 3/8)« > e 1/8
t 3s8] f‘
------------------ 3/
11/8 T
1 J__\ 92 -/0 [74 #_l]_
I 54-3| & l¢-#8
7!. /2 |¥-8
l PHOTO NOQ. | MATERIAL ASSEM
- /. $AE 1070 | #/04
318 3/4 L OFFSET
- GUIDE
UNLESS OTHERWISE SPECIFIED Owe BY | ChED BY
movE FRACTIONAL TOLERANCE ° 1/84 Res /;'-ci‘-l -5
ANGULAR TOLERANCE + 1/2 = Jo. e

Figure 1-21. Typical blueprint.

111



TC9-524

GENERAL SHOP SAFETY

All tools are dangerous if used improperly or carelesslr.
Working safely is the first thing the user or operator should
learn because the safe way is the correct way. A person
learning to operate machine tools must first learn the safety
regulations and precautions for each tool or machine. Most
accidents are caused by not following prescribed procedures.
Develop safe work habits rather than suffer the consequences
of an accident.

Most of the safety practices mentioned in this section are
general in nature. Sarety precautions for specific tools and
machines are described in detail in the chapters along with the
description of the equipment. Study these carefully and be on
the alert to apply them.

EYE PROTECTION

Using eye protection in the machine shop is the most
important safety rule of all. Metal chips and shavings can fly
at fgreat speeds and distances and cause serious eye injury.
Safety glasses must be worn when working with handcuttin(]]
tools, since most handcutting tools are made of hardened stee
and can break or shatter when used improperly.

There are many different types of safety glasses available in
the supply system; however, the ones that offer the best
protection are the safety glasses with side shields. Safety
goggles should be worn over prescription glasses. For specific
Information about eye protection, contact the Occupational
Health Clinic or refer to TB MED 586.

HAZARDOUS NOISE PROTECTION

Noise hazards are very common in the machine shop. High
intensity noise can cause permanent loss of hearing. Although
noise hazards cannot always be eliminated, hearing loss Is
avoidable with ear muffs, ear plugs, or both. These are
available through the local sulpply system or from the
Occupational Health Clinic. Ear plugs must be properly fitted
by qualified personnel. For specific information on hearing
protection, refer to TB MED 501.

FOOT PROTECTION
The floor in a machine shop is often covered with razor-
sharp metal chips, and heavy stock may be dropped on the

feet. Therefore, safety shoes or a solid leather shoe must be
worn at all times. Safety shoes are available in the supply
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system. These have a steel plate located over the toe and are
designed to resist impact. Some safety shoes also have an
instep guard.

GRINDING DUST AND HAZARDOUS FUMES

Grinding dust from abrasive wheels is made up of extremely
fine particles of the metal and the wheel. Some grinding
machines are equipped with a vacuum dust collector. When
operating a grinder without a vacuum, wear an apgroved
respirator to avoid inhaling the dust. Whenever possible, use
coolant when grinding. This will aid in dust control. Grinding
dust can be very dangerous to your health, especially
beryllium or parts used in nuclear systems. These materials
require careful control of grinding dust.

Metals such as zinc give off toxic fumes when heated above
their boiling point. Inhalin% these fumes may cause temporary
sickness, or death. The fumes produced from lead and
mercury are very harmful, as their effect is cumulative in the
body and can cause irreversible damage. When unsure of the
materials being machined, it is advisable to wear a respirator.
K/(I)IE gg(r)% specific information on respirator safety, refer to TB

PROPER LIFTING PROCEDURES

Using improper lifting procedures may result in a permanent
back injury. Back injury can be avoided if the correct lifting
procedures are followed. When lifting heavy or large objects,
get some assistance or use a hoist or forklift.

Objects within your ability can be lifted safely as long as the
following procedures are followed:

o Keep your back straight.

e Squat down, bending at the knees.

o Use the leg muscles to do the work and lift slowly. Do
not bend over the load as this will put excessive strain on
your spine.

« Carry the object where it is comfortable, and pay close
attention to where you are walking and objects around
you.

When placing the object back on the floor, use the same
procedures as when it was lifted.



ELECTRICAL SAFETY

Exposure to electrical hazard will be minimal unless the
operator becomes involved with machine repair. The machine
operator is mostly concerned with the on and off switch on the
machine tool. However, if adjustments or repairs must be
made, the power source should be disconnected. If the
machine tool is wired permanently, the circuit breaker should
be switched off and tagged with an appropriate warning
statement. Most often the power source will not be
disconnected for routine adjustment such as chan inP machine
speeds. However, if a speed change involves a belt change,
make sure that no other person is likely to turn on the machine
wrlllile the operator’s hands are in contact with belts and
pulleys.

SAFETY RULES FOR MACHINE TOOLS

Since different cutting tools and machining procedures are
used on various machine tools, the safety precautions for each
may vary. The following are general safety rules for any
machine tool:

o  Gears, pulleys, belts, couplings, ends of shafts having
keyways, and other revolving or reciprocating parts
should be guarded to a height of 6 feet above the tloor.
The guards should be removed only for repairin? or
adjusting the machine and must be replaced before
operating it.

« Safety setscrews should be used in collars and on all
revolving or reciprocating members of the machine tool
or its equipment.

« Do not operate any machine tool without proper lighting.

«  Never attempt to operate any machine tool until you fully
understand how it works and know how to stop it quickly.

« Never wear loose or torn clothing and secure long hair,
since these items can become caught in revolving
machine parts. Ties should be removed and shirt sleeves
should be rolled up ahove the elbow.

Gloves should never be worn when operating machinery
except when absolutely necessary.

«  Always stop the machine before cleaning it or taking
measurements of the workpiece.

TC 9-524

Do not lubricate a machine while it is in motion. Injury to
the operator and damage to the machine may result from
this practice.

Never remove metal chips, turnings, or shavings with
your hands; they may cause a serious cut. If the shavings
are long, stop the machine and break them with pliers or a
bent rod, and then brush chips off the machine. Remove
cast-iron chips, which break into small pieces, with a
brush. Never wipe away chips when the machine is
operating.

Always wear safet?/ glasses or goggles while operating
machine tools. Also, wear respiratory protection If
operation creates hazardous dust. All persons in the area
where power tools are being operated should also wear
safety eye protection and respirators as needed.

Know where tire extinguishers are located in the shop
area and how to use them.

Never wear jewelry while working around machine tools.
Rings, watches, or bracelets maybe caught in a revolving
parthwhmh could result in the hand being pulled into the
machine.

Avoid horseplay. Tools are very sharp and machines are
made of hard steel. An accidental slip or fall may cause a
serious injury.

Never use compressed air without a safety nozzle to clean
machines or clothing. It will blow sharp, dangerous metal
chips a long distance.

Keep the floor around machines free of tools, stock, oil,
grease, and metal chips. Tripping over metal on the floor,
especially round bars, can cause dangerous falls. Wipe up
all oil, grease, and cutting fluid spills on the floor as soon
as possible to prevent a fall. Metal chiﬁs are very sharp
and can easily become embedded in the soles of shoes,
making them very slippery, especially when walking on a
concrete floor.

Never place tools or other materials on the machine table.
Cluttering up a machine with tools or materials creates
unsafe working conditions. Use a bench or table near the
machine for this purpose.

Always use a rag when handling sharp cutters such as
milling cutters and end mills.
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« Do not expose power tools to rain or use in damp or wet
locations.

«  Always secure the workpiece. Use clamps or a vise. It is
safer than using your hands, and it frees both hands to
operate the tool

« Do not abuse electrical cords. Never carry a tool by its
cord or yank it to disconnect it from a receptacle. Keep
electrical cords away from heat, oil, and sharp edges.
Have damaged or worn power cords and strain relievers
repaired or replaced immediately.

Remove adjusting keys and wrenches. Form a habit of
checklnfq to see that keys and wrenches are removed from
tools before turning them on.

Do not operate any machine tool while under the
influence of drugs, alcohol, or any medication that could
cause drowsiness.

SAFETY COLOR CODE MARKINGS AND SIGNS

USE OF PAINT
All maintenance shops and work areas should be marked
with the correct colors to identify hazards, exits, safe
walkways, and first-aid stations. It is acceptable to use
material other than paint, such as decals and tapes, in the
appropriate, similar colors. Listed below are the main colors
authorized for use in maintenance shops.

Red color markings should be used to identify the following
equipment or locations:

o  Fire alarm boxes (pull boxes).

o  Fire blanket boxes.

o Fire extinguishing containers.

«  Fire extinguishers, unless painting is unnecessary. For
large areas and when the extinguisher is not readil
visible to the area occupants, use red on the housing wall
or support ahove the extinguisher to show its location.

o Fire hose locations.

o Fire pumps.

o Fire sirens.

o Sprinkler piping.

o Fire buckets.

1-14

Fire reporting telephone stations.
Store all idle tools in a safe, dry place.

Provide visitors to the work area required personnel
protection equipment.

An exception ma.?{ be made to comply with local laws or
when current facilities provide green exit signs.

Emergency stop buttons for electrical machinery.
Emergency stop bars on hazardous machines.

Yellow color markings should be used to identify the
following equipment or locations:

Industrial areas where particular caution is needed, such
as handrails, guardrails, bottom edge of overhead doors,
or top and bottom treads of stairways.

Fire hydrant barrels.

Caution signs.

Piping systems containing flammable material.

Waste containers for highly combustible material.

A hazardous area or a safe aisle within a hazardous area.



o  Lower pulley blocks and cranes.
o  Coverings and guards for guy wires.

« Pillars, posts, or columns that are physical or shop
hazards.

»  Fixtures suspended from ceilings or walls that extend into
normal operating areas.

»  Corner markings for storage piles.

o Ex Iosed and unguarded edges of platforms, pits, and
wells,

Green color markings normally on a white color background
should be used for the following equipment or locations:

o First-aid equipment.

o First-aid dispensaries.

o Stretchers.

o Safety starting buttons on machinery.
o Safety instruction signs.

Black and white are the basic colors for designating
housekeeping and interior traffic markings. The following are
examples of where solid white, solid black, smgile-color
striping, alternate stripes of black and white, or black and
white squares will be used.

o Locations and width of aisles in nonhazardous areas.
« Dead ends of aisles or passageways.

« Directional signs.

« Locations of refuse cans.

«  White corners of rooms or passageways.

o  Clear floor area around first-aid, fire-fighting, and their
emergency equipment.

Blue color markings are used on the outside of switch boxes
electrical controls that are the starting point or power source
for hazardous electrical machinery or equipment.
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Orange markings are used to designate dangerous parts of
machines or energized equipment, including electrical
conduits, which may cut, crush, shock, or injure.

CATEGORIES OF SIGNS

Signs are placed in categories according to their purpose.
Use the examples in the following paragraphs as guides when
choosing the correct sign design to display a message. In
overseas commands, the use of International Standard Safety
Signs is encouraged and authorized.

WORDING OF SIGNS

Ensure that the wording of any sign-
« s concise and easy to read.
«  Contains enough information to be easily understood.

o s designed for the message to be carried in a picture
when appropriate.

« s a positive rather than a negative statement when
appropriate.

o Is bilingual with the second language common to the
local personnel when appropriate.

SIGN INSPECTION AND MAINTENANCE

Signs should be inspected regularly and maintained in good
condition. They should be kept clean, well illuminated, and
legible. Replace or repair damaged or broken signs. All signs
will be designed with rounded or blunt corners and with no

sharp projections. Put the ends or heads of bolts or other
fastening devices where they will not cause a hazard.

SELECTION OF SIGN SIZE
When choosing a sign, consider dimensions that will permit
economical use of standard size material. Base the size of the
sign on the following:
« Location at which the sign will be placed.
o  Character of the hazard involved.
o  Purpose of the sign.

« Distance from which the sign should be legible.
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REQUIRED SIGN COLORS

All signs require a predominant color based on the sign’s
purpose. Below are the five types of signs and their
predominant color.

«  Danger signs: RED.

« Caution signs: YELLOW.

« Safety instruction signs. GREEN.
o Directional signs: BLACK.

« Informational signs: A variety of colors may be used,
except for red, yellow, or magenta (purple).

DANGER SIGNS

Danger signs should only be used when immediate hazard
exists. There will be no variations in the type or design of
signs posted to warn of specific danger. All personnel will be
instructed that danger signs indicate immediate danger and
that special precautions are necessary.

CAUTION SIGNS
Caution signs should be used only to warn against potential
hazards or to caution against unsafe practices. All personnel

will be instructed that a caution sign indicates a possible
hazard against which proper precautions will be taken.

DIRECTIONAL SIGNS
~ Directional signs should be used in sufficient numbers to
;nd|_cate the way to stairways, fire escapes, exits, and other
ocations.

Many other safety media are available for use in military
maintenance shops.
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Chapter 2

PROPERTIES, IDENTIFICATION,
AND
HEAT TREATMENT OF METALS

GENERAL

PURPOSE

This chapter contains basic information pertaining to
properties and identification of metal and heat-treating
procedures used for metals. For more specific information on
metal and heat-treating techniques, refer to TM 43-0106.

METAL CLASSIFICATION

All metals may be classified as ferrous or nonferrous. A
ferrous metal has iron as its main element. A metal is still
considered ferrous even if it contains less than 50 percent iron,
as long as it contains more iron than any other one metal. A
metal 1s nonferrous if it contains less iron than any other
metal.

Ferrous

Ferrous metals include cast iron, steel, and the various steel
alloys, The only difference between iron and steel is the carbon

content. Cast iron contains more than 2-percent carbon, while
steel contains less than 2 percent. An alloy is a substance
composed of two or more elements. Therefore, all steels are
an alloy of iron and carbon, but the term “alloy steel”
normally refers to a steel that also contains one or more other
elements. For example, if the main alloying element is
tungsten, the steel is a “tungsten steel” or “tungsten alloy.” If
there is no alloying material, it is a “carbon steel.”

Nonferrous

Nonferrous metals include a great many metals that are used
mainly for metal plating or as alloying elements, such as tin,
zinc, silver, and gold. However, this chapter will focus only
on the metals used in the manufacture of parts, such as
allluminum, magnesium, titanium, nickel, copper, and tin
alloys.
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PROPERTIES OF METALS
GENERAL

The internal reactions of a metal to external forces are
known as mechanical properties. The mechanical properties
are directly related to each other. A change in one property
usually causes a change in one or more additional properties.
For example, if the hardness of a metal is increased, the
brittleness usually increases and the toughness usually
decreases. Followin%is a brief explanation of the mechanical
properties and how they relate to each other.

TENSILE STRENGTH

Tensile strength is the ability of a metal to resist being pulled
apart by opposing forces acting in a straight line (Figure 2-1).
It is expressed as the number of pounds of force required to
pull apart a bar of the material 1 inch wide and 1 inch thick.

(), Ja DIl 7

Figure 2-1. Tensile strength

SHEAR STRENGTH

Shear strength is the ability of a metal to resist being
fractured by opposing forces not acting in a straight line
(Figure 2-2?. Shear strength can be controlled by varying the

hardness of the metal.

Figure 2-2. Shear strength.
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COMPRESSIVE STRENGTH

Compressive strength is the ability of a metal to withstand
pressures acting on a given plane (Figure 2-3).

Figure 2-3. Compressive strength.

ELASTICITY

Elasticity is the ability of metal to return to its original size
gn4o)l shape after being stretched or pulled out of shape (Figure

AFTER

Figure 2-4. Elasticity.

DUCTILITY

Ductility is the ability of a metal to be drawn or stretched

permanently without rupture or fracture (Figure 2-5). Metals
that lack ductility will crack or break before bending.

MALLEABILITY

Malleability is the ability of a metal to be hammered,

rolled, or pressed into various shapes without rupture or
fracture (Figure 2-6).

TC 9-524

Figure 2-6. Malleability.
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TOUGHNESS

Toughness is the ability of a metal to resist fracture plus
the ability to resist failure after the damage has begun. A
tough metal can withstand considerable stress, slowly or
suddenly applied, and will deform before failure.

HARDNESS

Hardness is the ability of a metal to resist penetration and
wear by another metal or material. It takes a combination of
hardness and toughness to withstand heavy pounding. The
hardness of a metal limits the ease with which it can be
machined, since toughness decreases as hardness increases.
The hardness of a metal can usually be controlled by heat
treatment.

MACHINABILITY AND WELDABILITY

Machinability and weldability are the ease or difficulty
with which a material can be machined or welded.

CORROSION RESISTANCE

Corrosion resistance is the resistance to eating or wearing
away by air, moisture, or other agents.

HEAT AND ELECTRICAL CONDUCTIVITY

Heat and electrical conductivity is the ease with which a
metal conducts or transfers heat or electricity.

BRITTLENESS

Brittleness is the tendency of a material to fracture or
break with little or no deformation, bending, or twisting.
Brittleness is usually not a desirable mechanical property.
Normally, the harder the metal, the more brittle it is.

IDENTIFICATION OF METALS

GENERAL

Part of the metalworker’s skill lies in the ability to identify
various metal products brought to the shop. The metalworker
must be able to identify the metal so the proper work methods
can be apg?lied. For Army equipment, drawings should be
available. They must be examined in order to determine the
metal to be used and its heat treatment (if required). If no
drawing is available, knowledge of what the parts are going to
do will serve as a guide to the type of metal to use.

TESTING OF METALS
Simﬁle tests can be made in the shop to identify metals.
Since the ability to judge metals can be developed only
through personal experience, practice these tests with known

metals until familiar with the reactions of each metal to each
type of test.

Appearance Test

This test includes such things as the color and appearance
of machined as well as unmachined surfaces.

2-4

Fracture Test

Some metals can be quickly identified by looking at the
surface of the broken part or by studying the chips produced
with a hammer and chisel.

Spark Test

This is a simple identification test used to observe the
color, spacing, and quantity of sparks produced by grinding. It
is a fast and convenient method of sorting mixed steels with
known spark characteristics. This test is best conducted by
holding the steel stationary and touching a high-speed portable
grinder to the steel with sufficient pressure to throw a spark
stream about 12 inches long. The characteristics of sparks
%enerated by a spark grinding test are shown in[Figure 2-7|

hese spark patterns provide general information about the
type of steel, cast iron, or alloy steel. In all cases, it is best to

use standard samples of metal when comparing their sparks
with that of the test sample.
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THE ROCKWELL HARDNESS NUMBER IS
DETERMINED BY THE DEPTH OF THE
IMPRESSION WHILE THE BRINELL HARDNESS
NUMBER IS DETERMINED BY THE AREA OF THE
IMPRESSION

Figure 2-8. Rockwell hardness tester.

File Test

One simple way to check for hardness in a piece of metal is
to file a small portion of it. If it is soft enou?h to be machined
with regular tooling, the file will cut it. If it is too hard to
machine, the file will not cut it. This method will indicate
whether the material being tested is softer or harder than the
file, but it will not tell exactly how soft or hard it is. The file
can also be used to determine the harder of two pieces of
metal; the file will cut the softer metal faster and easier. The
file method should only be used in situations when the exact
hardness is not required. This test has the added advantage of
needing very little in the way of time, equipment, and
experience.
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Rockwell Hardness Test

This test determines the hardness of metals by measuring the
depth of impression which can be made by a hard test point
under a known load. The softer the metal, the deeper the
impression. Soft metals will be indicated by low hardness
numbers. Harder metals permit less of an impression to be
made, resulting in higher hardness numbers. Rockwell
hardness testing is accomplished by using the Rockwell
hardness testing machine (Figure 2-8).

Brinell Hardness Fest

Brinell hardness testing operates on almost the same
principle as the Rockwell test. The difference between the two
Is that the Rockwell hardness number is determined by the
depth of the impression while the Brinell hardness number is
determined by the area of the impression. This test forces a
hardened ball, 10 mm (0.3937 in) in diameter, into the surface
of the metal being tested, under a load of 3,000 kilograms
(approximately 6,600 Ib). The area of this impression
determines the Brinell hardness number of the metal being
tested. Softer metals result in larger impressions but have
lower hardness numbers.

NUMERICAL CODES

Perhaps the best known numerical code is the Society of
Automotive Engineers (SAE) code. For the metals industry,
this organization pioneered in developing a uniform code
based on chemical analysis. SAE specification numbers are
now used less widely than in the past; however, the SAE
numerical code is the basic code for ferrous metals[Figure 2]

The SAE system is based on the use of four-or five digit
numbers.

« The first number indicates the type of alloy used; for
example, 1 indicates a carbon steel.

o Two indicates nickel steel.

o The second, and sometimes the third, number gives the
amount of the main alloy in whole percentage numbers.

The last two, and sometimes three, numbers give the
carbon content in hundredths of 1 percent (0.01 percent).
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The following examples will help you understand this SAE 1045
system:
1- Type of steel (carbon).

0- Percent of alloy (none).

45- Carbon content (0.45-percent carbon).

TYPES OF STEEL SAE NUMBERS
CARBON STEELS | 1300
Plain Carbon 10XX
Free Cutting Manganese X13XX
Free Cutting Screw Stock 11XX
HIGH MANGANESE TI3XX
NICKEL STEELS 2XXX
50% Nickel 20XX
1.50% Nickel 21 XX
3.50% Nickel 23XX
5.00% Nickel 25XX
" NICKEL-CHROMIUM STEELS 3IXXX
1.25% Nickel : .60% Chromium 31XX
1.75% Nicke! : 1.00% Chromium 32XX
3.50% Nickel : 1.50% Chromium 33XX
3.00% Nickel : .80% Chromium 34XX
Corrosion and Heat Resisting 30XXX
MOLYBDENUM STEELS 4XXX
Chromium- Molybdenum 41XX
Ghromium- Nickel Molybdenum 43XX
Nicket Molybdenum 46XX & 48XX
CHROMIUM STEELS 65 XXX
.60% to 1.10% Chromium 651XX
1.2% to 1.5% Chromium - 52XXX
Corrision and Heat Resistant 51 XXX
Chromium-Vanadium Steels 6XXX
Tungsten Steels ) TXXXX & 7XXX
Silcon-Manganese Steels 9)0X

Figure 2-9. SAE numerical code.

2-T
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SAE 2330
2- Type of steel (nickel).
3- Percent of alloy (3-percent nickel).
30- Carbon content (0.30-percent carbon).
SAE 71650
7- Type of steel (tungsten).
16- Percent of alloy (L6-percent tungsten).
50- Carbon content (0,50-percent carbon).
SAE 50100
5- Type of steel (chromium),
0- Percent of alloy (less than I-percent chromium).
100- Carbon content (1-percent carbon).

AA Code

A system similar to the SAE classifications for steel and
alloys has been developed by the Aluminum Association (AA)
for wrought aluminum and aluminum alloys.

This identification system of aluminum, as shown in Figure
2-10, consists of a four-digit number which indicates the type
of alloy. control over impurities, and the specific alloy. The
first number indicates the type of alloy. For example, 2 is
copper, 3 is manganese, 4 is silicone, and so forth. The second
number indicates the control that has been used. The last two
numbers usually indicate an assigned composition. Thus, AA-
2024 means:

2 - Type of alloy (copper).
0 - Control of impurities.
24 - Exact composition (AA number 24).

Aluminum alloys vary greatly in their hardness and
physical condition. These differences are called “temper,”
Letter symbols represent the different tempers, In addition to a
|etter, one or more numbers are sometimes used to indicate
further differences. The temper designation is separated from
the basic four-digit identification number by a dash; for ex-
ample, 2024-T6. In this case there is an aluminum alloy, 2024,
with 8 T6 temper (solution heat treated and then artificially
aged).[Figure 2-11 shows the numerals 2 through 10 that have
been assigned in the AA system to indicate specific sequences
of annealing, heat treating, cold working, or aging.

ALUMINUM AT LEAST 99% PURE-~---

COPPER ----cr=ass-mmmmmmmmcmcncooaan--

MAJOR ALLOYING ELEMENTS

a3

gure 2-10. Aluminum alloy groups.
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METHODS OF MARKING

Stenciling

A stencil and white or black paint, whichever shows up
better on the metal being marked, should be used when the
size of the metal piece permits. The federal or military
specification numbers should be stenciled on the metal in
vertically or hoizontally aligned rows. The distance between
the vertical rows should not exceed 36 inches, and the distance
between the horizontal rows should not exceed 10 inches.
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Stamping

Stamping the specification number into the metal should be
used when it is impossible to use the stencil method. It is
usually necessary to cut or eliminate the marked portion of the
metal prior to using the material for work stock. Therefore, the
marking should be located where waste will be held to a
minimum. Gothic st/Ie numerals and letters should be used;
the height may be 1/16 inch, 1/8 inch, or 1/4 inch, depending
upon the size of the material being marked.

GENERAL
TEMPER DESIGNATION
Symbol Designation
—F As fabricated.
—0 Annesaled recrystallized (wrought products only).
—H ~Strain hardened.

—H1 Plus one or more digits. Strain hardened only.

—H2 Plus one or more digits. Strain hardened and then partially annealed.
—H3 Plus one or more digits. Strain hardened and stabilized.
—wW Solution heat treated—unstable temper. Thie designation is spacifisd only when the period of
natural aging is indicated.
—T Treated to produce stable tempers other than —F, —O, or —H.
—T2 Annealed (cast products only).

—13 Solution heat-treated and then cold worked.

—T4 Solution heat-treated.

—T5 Artificially aged only.

—Te

Solution heat-treated and then artifically aged.

—T7 Solution heat-treated and then stabilized

—T8 Solution heat-treated cold-worked and then artifically aged

—T9

Solution heat-treated artificially aged and then cold-worked.

—T10

Artifically-aged and then cold worked.

Figure 2-11. Temper designation of aluminum.

FERROUS METALS

Ferrous metals are those that contain iron as the base metal.
The properties of ferrous metals may be changed by addin%
various alloying elements. The chemical and mechanica
properties need to be combined to produce a metal to serve a
specific purpose. The basic ferrous metal form is pig iron. Pig
iron is produced in a blast furnace that is charged with an iron
ore, coke, and limestone. The four principal iron ores are
hematite, limonite, magnetite and faconite.

CAST IRON

Cast iron is a metal that is widely used. It is a hard, brittle
metal that has good wear resistance. Cast iron contains 2 to 4
percent carbon. White cast iron is very hard and is used
mostly where abrasion and wear resistance is required. White
cast iron may be made into malleable iron by heating it; then
cooling it very slowly over a long period of time. Malleable
iron is stronger and tougher than white cast iron; however, it is
much more expensive to produce. Gray iron is another form of
cast iron. It is used mostly for castings because of its ability to
flow easily into complex shapes.
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WROUGHT IRON

Wrought iron is an iron that has had most of its carbon
removed. It is tough; however, it can be bent or twisted very
easily. Wrought iron is used mostly in ornamental ironwork,
such as fences and handrails, because it is welded or painted
easily and it rusts very slowly.

STEEL

Steel is an alloy of iron and carbon or other alloying
elements. When the alloying element is carbon, the steel is
referred to as carbon steel. Carbon steels are classified by the
percentage of carbon in “points” or hundredths of 1 percent
they contain.

Low Carbon Steel
(Carbon content up to 0.30 percent or 30 points).

This steel is soft and ductile and can be rolled, punched,
sheared, and worked when either hot or cold. It is easily
machined and can be readily welded by all methods. It does
not harden to any great amount; however, it can be easily
case- or surface-hardened.

Medium Carbon Steel
(Carbon content from 0.30 to 0.50 percent or 30 to 50 points).

This steel may e heat-treated after fabrication. It is used for
ﬁeneral machining and forging of Earts that require surface

ardness and strength. It is made in bar form in the cold-rolled
or the normalized and annealed condition. During welding, the
weld zone will become hardened if cooled rapidly and must be
stress-relieved after welding.

High Carbon Steel
(Carbon content from 0.50 to 1.05% or 50 to 105 points)

This steel is used in the manufacture of drills, taps, dies,
springs, and other machine tools and hand tools that are heat-
treated after fabrication to develop the hard structure

necessary to withstand high shear stress and wear. It is
manufactured in bar, sheet, and wire forms, and in the
annealed or normalized condition in order to be suitable for
machinin? before heat treatment. This steel is difficult to weld
because of the hardening effect of heat at the welding joint.

Tool Steel
(carbon content from 0.90 to 1.70 percent or 90 to 170 points)

This steel is used in the manufacture of chisels, shear blades,
cutters, large taps, woodturning tools, blacksmith’s tools,
razors, and other similar parts where hié;h hardness is required
to maintain a sharp cutting edge. It is difficult to weld due to
the high carbon content.

High-Speed Steel

_High-speed steel is a self-hardening steel alloy that can
withstand high temperatures without becoming soft. High-
speed steel is ideal for cutting tools because of its ability to
takeI deeper cuts at higher speeds than tools made from carbon
steel.

Tungsten Carbide

Tungsten carbide is the hardest man-made metal. It is almost
as hard as a diamond. The metal is molded from tungsten and
carbon powders under heat and pressure. Tools made from
this metal can cut other metals many times faster than high-
speed steel tools.

Alloy Steels

Steel is manufactured to meet a wide variety of
specifications for hardness, toughness, machinability, and so
forth. Manufacturers use various alloying elements to obtain
these characteristics. When elements other than carbon, such
as chromium, manganese, molybdenum, nickel, tun?sten, and
vanadium are used. The resulting metals are called alloy
steels. Fi%ure 2-12] shows some of the %eneral characteristics
obtained by the use of various alloying elements.

NONFERROUS METALS

There are many metals that do not have iron as their base
metal. These metals, known as nonferrous metals, offer
specific properties or combinations of properties that make
them ideal tor tasks where ferrous metals are not suitable.
Nonferrous metals are often used with iron base metals in the
finished product.

2-10

ALUMINUM

Aluminum and its alloys are produced and used in many
shapes and forms. The common forms are castin?s, sheet,
plate, bar, rod, channels, and forgings. Aluminum alloys have
many desirable qualities. They are lighter than most other
metals and do not rust or corrode under most conditions.
Aluminum can be cast-forged, machined, and welded easily.



MAGNESIUM

Magnesium alloys are produced and used in many shapes
and forms, for example, castings, bars, rods, tubing, sheets
and plates, and forgings. Their inherent strength, light weight,
and shock and vibration resistance are factors which make
their use advantageous. The weight for an equal volume of
magnesium is approximately two-thirds of that for aluminum
and one-fifth of that for steel. Magnesium has excellent
machining qualities; however, care must be taken when
machining because the chips are highlg/ flammable.
Magnesium fires bum so hot that they cannot be extinguished
by conventional fire extinguishers.

COPPER

Copper is a reddish metal, very ductile and malleable, and
has high electrical and heat conductivitg. Copper can be
forged, cast, and cold worked. It also can be welded, but its
machinability is only fair. The principal use of commercially
pure copper Is in the electrical industry where it is made into

TC 9-524

wire or other such conductors. It is also used in the
manufacture of nonferrous alloys such as brass, bronze, and
monel metal. Typical copper products are sheet roofing,
cartridge cases, bushings, wire, bearings, and statues.

BRASS AND BRONZE

Brass, an alloy of copper and zinc (60 to 68 percent COﬁper
and 32 to 40 percent zinc), has a low melting point and high
heat conductivity. There are several types of brass such as
naval, red, admiralty, yellow, and commercial. All differ in
copper and zinc content. All may be alloyed with other
elements such as lead, tin, manganese, or iron, and all have
good machinability and can be welded. Bronze is an alloy of
copper and tin and may contain lead, zinc, nickel, manganese,
or phosphorous. It has high strength, is rust or corrosion
resistant, has good machinability, and can be welded.

SAE NUMBERS CHARACTERISTICS RESULTING FROM
TYPES OF STEEL (GENERAL SERIES) THE ALLOYING ELEMENTS ADDED
CARBON STEELS 1000 Surface Hardnese and Strength
NICKEL STEELS 2000 Toughnass
CHROME-NICKEL STEELS 3000 Toughness and Depth Hardness
MOLYBDENUM STEELS 4000 Eliminates Britdeness and In-
creases Depth Hardness
CHROME-MOLYBDENUM 4100 High Strength-and Toughness
STEELS
CHROMIUM STEELS 5000 Corrosion Resistance and Hardness
CHROME-VANADIUM 6000 Depth Hardness and toughness at
Sub-zero Temperature
TUNGSTEN STEELS 7000 Hardness at High Temperatures
CHROME-NICKEL- 8000 Toughness and Strength-
MOLYBDENUM STEELS (General Purpose Steel)
SILICONE-MANGANESE 9000 Depth Hardness and Toughness
STEELS Under Impact

Figure 2-12. General characteristics of common alloys.
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LEAD

Lead is used mainly in the manufacture of electrical
equipment such as lead-coated power and telephone cables
and storage batteries. Zinc alloys are used in the manufacture
of lead weights, bearings, gaskets, seals, bullets, and shot.
Many tyﬁes of chemical compounds are produced from lead.
Among these are lead carbonate (paint pigiment) and tetraethyl
lead ?antiknock gasoline). Lead is also used for X-ray
protection (radiation shields?. Lead has more fields of
application than any other metal. It can be cast, cold worked,
we_Ic;]ed, and machined. Lead has low strength with heavy
weight.

TIN

The major use of tin is in coating steel. It is the best
container for preserving perishable food. Tin, in the form of
foil, is often used in wrapping food products. A second major
use of tin is as an alloying element. Tin is alloyed with copper
to produce bronze, with lead to produce solder, and with
antimony and lead to form babbitt. Tin can be die cast, cold
wcigkgd, machined, and soldered; however, it cannot be
welded.

NICKEL
Nickel is used in making alloys of both ferrous and

nonferrous metals. Chemical and food processing equipment,
electrical resistance heating elements, ornamental trim, and

parts that must withstand elevated temperatures are all
produced from nickel containing metal. Alloyed with
chromium, it is used to make stainless steel. Nickel alloys are
readily welded by either gas or arc methods and can be
machined, forged, cast, and easily formed.

COBALT-CHROMIUM-TUNGSTEN
MOLYBDENUM WEAR-RESISTANT
ALLOYS

These alloys feature a wear resistance which makes them
ideal for metal-cuttinﬂ operations. Their ability to retain
hardness even at red-heat temperatures also makes them
especially useful for cutting tools. Common cutting tools will
lose their edge at high heat, whereas this alloy group is
actually tougher at red heat than it is when cold; as a result,
higher speeds and feeds may be used when machining with
tools made with these alloys.

PRECIOUS METALS

These include silver, gold, platinum, palladium, iridium,
osmium, rhodium, and ruthenium, and their alloys. These
alloys are produced under technical and legal requirements.
Gold alloys used for jewelry are described in karats. The karat
is the content of gold expressed in twenty-fourths. An 18-karat
gold alloy would contain 18/24 gold (75 percent by weight).
Othelr than jewelry, there are many industrial uses for precious
metals.

HEAT TREATMENT OF METALS

Heat treatment is any one of a number of controlled heating
and cooling operations used to bring about a desired change in
the physical properties of a metal. Its purpose is to improve
the structural and Ehysical properties for some particular use
or for future work of the metal. There are five basic heat
treating processes: hardenln?, case hardening, annealing,
normalizing, and tempering. Athou?h each of these processes
bring about different results in metal, all of them involve three
basic steps: heating, soaking, and cooling.

HEATING

Heating is the first step in a heat-treating process. Many
alloys change structure when they are heated to specific
temperatures. The structure of an alloy at room temperature
can be either a mechanical mixture, a solid solution, or a
combination solid solution and mechanical mixture.

2-12

A mechanical mixture can be compared to concrete. Just as
the.sand and %ravel are visible and held in place by the
cement. The elements and compounds in a mechanical
mixture are clearly visible and are held together by a matrix of
hase metal. A solid solution is when two or more metals are
absorbed, one into the other, and form a solution. When an
alloy is in the form of a solid solution, the elements and
comﬁounds forming the metal are absorbed into each other in
much the same way that salt is dissolved in a glass of water.
The separate elements forming the metal cannot be identified
even under a microscope. A metal in the form of a mechanical
mixture at room temperature often goes into a solid solution or
a partial solution when it is heated. Changing the chemical
composition in this way brings about certain predictable
changes in grain size and structure. This leads to the second
step In the heat treating process: soaking.



SOAKING

Once a metal part has been heated to the temperature at
which desired changes in its structure will take place, it must
remain at that temperature until the entire part has been evenly
heated throughout. This is known as soaking. The more mass
the part has, the longer it must be soaked.

COOLING

After the part has been properly soaked, the third step is to
cool it. Here again, the structure may change from one
chemical composition to another, it may stay the same, or it
may revert to Its original form. For example, a metal that is a
solid solution after heating may stay the same during cooling,
change to a mechanical mixture, or change to a combination
of the two, depending on the type of metal and the rate of
cooling. All of these changes are predictable. For that reason,
many metals can be made to conform to specific structures in
order to increase their hardness, toughness, ductility, tensile
strength, and so forth.

HEAT TREATMENT OF FERROUS METALS

All heat-treatin% operations involve the heating and
cooling of metals, The common forms of heat treatment for
ferrous metals are hardening, tempering, annealing,
normalizing, and case hardening.

HARDENING

A ferrous metal is normally hardened by heating the metal
to the required temperature and then cooling it rapidly b
plunging the hot metal into a quenching medium, such as oil,
water, or brine. Most steels must be cooled rapidly to harden
them. The hardening process increases the hardness and
strength of metal, but also increases its brittleness.

TEMPERING

Steel is usually harder than necessary and too brittle for
practical use after being hardened. Severe internal stresses are
set up during the rapid cooling of the metal. Steel is tempered
after being hardened to relieve the internal stresses and reduce
its brittleness. Tempering consists of heating the metal to a
specified temperature and then permitting the metal to cool.

he rate of cooling usually has no effect on the metal structure
during tempering. Therefore, the metal is usually permitted to
cool in still air. Temperatures used for tempering are normally
much lower than the hardening temperatures. The higher the
tempering temperature used, the softer the metal becomes.
High-speed steel is one of the few metals that becomes harder
instead of softer after it is tempered.
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ANNEALING

Metals are annealed to relieve internal stresses, soften them,
make them more ductile, and refine their grain structures.
Metal is annealed by heating it to a prescribed temperature,
holding it at that temperature for the required time, and then
cooling it back to room temperature. The rate at which metal
is cooled from the annealing temperature varies greatly. Steel
must be cooled very slowly to produce maximum softness,
This can be done by burying the hot part in sand, ashes, or
some other substance that does not conduct heat readily
$packing), or by shutting off the furnace and allowing the
urnace and part to cool together (furnace cooling).

NORMALIZING

Ferrous metals are normalized to relieve the internal stresses
produced by machining, forging, or welding. Normalized
steels are harder and stron?er than annealed steels. Steel is
much tougher in the normalized condition than in any other
condition. Parts that will be subjected to impact and parts that
require maximum toughness and resistance to external stresses
are usually normalized. Normalizing prior to hardening is
beneficial in obtaining the desired hardness, provided the
hardening operation is performed correctly. Low carbon steels
do not usually require normalizing, but no harmful effects
result if these steels are normalized. Normalizing is achieved
by heating the metal to a specified temperature (which is
higher than either the hardening or annealing temperatures),
so_ﬁki_ng the metal until it is uniformly heated, and cooling it in
still air.

CASE HARDENING

Case hardening is an ideal heat treatment for parts which
require a wear-resistant surface and a tough core, such as
gears, cams, cylinder sleeves, and so forth. The most common
case-hardening processes are carburizing and nitriding.
During the case-hardening process, a low-carbon steel (either
straight carbon steel or low-carhon alloy steel) is heated to a
specific temperature in the presence of a material (solid,
liquid, or gas) which decomposes and deposits more carbon
into the surface of a steel. Then, when the part is cooled
rapidly, the outer surface or case becomes hard, leaving the,
inside of the piece soft but very tough.

HEAT TREATMENT OF NONFERROUS
METALS

Two types of heat-treating operations can be performed on
nonferrous metals. They are annealing and solution heat
treating.
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ANNEALING

Most nonferrous metals can be annealed. The annealing
process consists of heating the metal to a specific temperature,
soaking, and cooling to room temperature. The temperature
and method of cooling depend on the type of metal. Annealing
is often accomplished after various cold working operations
because many nonferrous metals become hard and brittle after
cold working. Also, annealing is used to remove the effects of
solution heat treatment so that machining or working qualities
can be improved.

SOLUTION HEAT TREATMENT

The tensile strength of many nonferrous alloys can be
increased by causing the materials within the alloy to go into a
solid solution and then controlling the rate and extent of return
to an altered mechanical mixture. This operation is called
solution heat treatment. After an alloy has been heated to a
specified temperature, it is “quenched” or cooled rapidly,
which traps the materials in the solid solution attained during
the heating process. From this point, the process varies greatly
depending on the metal. To be sure the materials in the alloy
do not revert to their original configuration after a period of
time, a process of aging or precipitation hardening must
follow. In this process the materials in the alloy are allowed to
change or to precipitate out of the solid solution.
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This process occurs under controlled conditions so that the
resultant grain structure will produce a greater tensile strength
in the metal than in its original condition. Depending on the
alloy, this precipitation process can also consist of simply
aging the alloy at room temperature for a specified time and
then air-cooling it; this is called artificial aging.

Aluminum alloys can be obtained in various conditions of
heat treatment called temper designations, Figure 2-11| on
page 2-9, shows the various temper designations and the
process to which they apply. The term “strain-hardened”
refers to aging or hardening that has been brought about by
coldworking the alloy. “Stabilizing™ refers to a particular
aging process that freezes or stops the internal changes that
normally would take place in the alloy at room temperature.
Magnesium alloys can be subjected to all of the nonferrous
heat treatments, but the different alloys within the series
require different temperatures and times for the various
processes. Copper alloys are generaII?/ hardened by annealing.
The nickel alloys can also be annealed and certain types can
be hardened by heat treatment. Likewise, titanium may be
annealed (mostly relieve machining or cold-working stresses)
but is not noticeably affected by heat treatment.
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Chapter 3

PORTABLE MACHINE TOOLS

The portable machine tools identified and described in this
chapter are intended for use by maintenance personnel in a
shop or field environment. These lightweight, transportable
machine tools, can quickly and easily be moved to the
workplace to accomplish machining operations. The accuracy
of work performed by portable machine tools is dependent
upon the user’s skill and experience.

Portable machine tools are powered by self-contained
electric motors or compressed air (pneumatm{from an outside
source. They are classified as either cutting took (straight and
angle hand drills, metal sawing machines, and metal cutting
shears) or finishing tools (sanders, grinders, and polishers).

SAFETY PRECAUTIONS

GENERAL

Portable machine tools require special safety precautions
while being used. These are in addition to those safety

precautions described in{Chapter 1

PNEUMATIC AND ELECTRIC TOOL
SAFETY

Here are some safety precautions to follow:

Never use electric equipment (such as drills,
sanders, and saws) in wet or damp conditions.

Properly ground all electric tools prior to use.

Do not use electric tools near flammable liquids or
gases.

Inspect all pneumatic hose lines and connections
prior to use.

Keep constant watch on air pressure to stay within
specified limits.

- Keep all equipment in proper working order, and
use the equipment according to the manufacturer’s
instructions.

Remove chuck keys from drills prior to use.
Hold tools firmly and maintain good balance.

Secure the work in a holding device, not in your
hands.

- Wear eye protection while operating these
machines.

Ensure that all lock buttons or switches are off
before plugging the machine tool into the power
source.

Never leave a portable pneumatic hammer with a
chisel, star drill, rivet set, or other tool in its nozzle.

ELECTRIC EXTENSION CORDS

Use the right wire gage for the length of the cord. As the
length of the extension cord increases, heavier gage wire must
be used. Lengthening extension cords by connecting several
small gage cords together causes a serious drop in voltage.
This results in the cord overheating. Extension cords that
overheat will bum away the insulation, creating a potential
electric shock hazard and fire hazard. See| T'a%lé 3-1
Appendix A, for proper gage and length of extension cords.
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PORTABLE DRILLS

PURPOSE AND TYPES

The portable drill is a hand-supported, power-driven
machine tool that rotates twist drills, reamers, counterbores,
and similar cutting tools. The portable drill may be electrically
powered by means of an internal electric motor (Figure 3-1) or

may be (Joneumatically powered (Figure 3-2)| Portable drills

are rated by the maximum size hole that can be drilled in steel
without overtaxing the motor or drill.

Therefore, a 1/4-inch-capacity drill is capable of drilling a
1/4-inch diameter hole or smaller in steel. Portable electric
and pneumatic drills rated at 1/4 to 1/2-inch maximum
capacities are usually equipped with geared drill chucks for
mounting straight, round shank twist drills or other similar
tools by using a chuck key|(Figure 3-3)| Heavier portable
driII having a 374-to T I/4-inch capacity use
taper shank chucks to mount drills and other similar tools.

N @

= I

— \Q\\ = \\)l
D-Handle Straight Drill

Figure 3-1. Portable electric hand drills.
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Figure 3-3. Geared drill chuck and chuck key.

Figure 3-4. 1-inch capacity portable electric drill.
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Portable drills have many different characteristics (Figure
3-5) depending on how the job is to be done. They may be set
for one speed or they maybe variable speed drills. A variable
speed drill is an excellent tool for use as a power screwdriver.
Portable drills may be equipped with a reversing switch to
allow a screwdriver attachment to reverse holts and screws
out of holes. Special 90° angle portable drills|(Figure 3-8) are
available for drilling in confined spaces where a standard size
drill will not have sufficient clearance. For co ght
spots, a 360° angle portable pneumatic drill| (Figure 3-2) is
available which can be swiveled to any desired angle and
locked into position. Most portable drills have a lock button
near the on-off switch which allows for continuous operation
without holding the trigger. Side handles and rear spade
handles (Figure 3-5) can be attached to most drills to stabilize
drilling and to allow for better control. Special devices. such
as a vertical stand gFigure 3-6) or feed screw (Figure 3-7), can
be used on some of the portable drills to make a job easier or
more proficient.

DRILL STAND HANDLE

CRADLE

PORTABLE
ELECTRIC
ORILL

Figure 3-6. Portable electric drill with vertical stand.

Figure 3-5. Common portable drill.

The size, type. and power capacity of portable drills selected
depends on the job to be performed. Before attempting a
drilling job, check the capabilities of the portable drill with
the manufacturer’s instruction manual.
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FEED SCREW

~ - -~

REVERSIBLE
PORTABLE
PNUEMATIC

DRILL

Figure 3-7. Operation of the portable drill showing the use of the feed screw.



DRILLING OPERATIONS

Operation of the portable electric and pneumatic drills
differs from recommended operating procedures for the
upright drilling machine. The portable drill is hand supported
for most operations, and the cutting speed of the drill is fixed
or dependent upon the operator to control. When hand sup-
ported, the drill must be carefully aligned with the workpiece

Figure 3-9% and this alignment must be maintained
throughout the drilling operation. Care must be taken not to
lose control of the portable drill and allow it to be wrenched
from the operator’s hands. The larger Portable drills (Figure
3-10) can be very dangerous if not held firmly by the operator.
If the cutting speed is fixed, the operator must learn to control
the feed of the portable drill by applying sufficient pressure
for the drill to cut, but not too much pressure as to cause
overheating of the twist drill or stalling of the portable drill
motor.

TC 9-524

When metal is to be drilled with the portable drill, the
workpiece must be prepared by locating the center position of
the potential hole and marking the location with a center

unch. When a large drill is to be used, it will be necessary
irst to drill a pilot hole sli?htly larger in diameter than the
thickness of the larger drill’s web, which will allow for the
drag caused by the larger drill’s chisel edge (Figure 3- 11).

Figure 3-9. Drilling with a portable drill.

Figure 3-11. Drilling a pilot hole for a larger drill.
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Portable pneumatic drills require special attention to
lubricate their internal moving parts. Each drill may be made
slightly different, so refer to the pertinent lubrication order or
manufacturer’s instruction manual before drilling.

For drilling by hand, the workpiece must be mounted
securely. Thin workplaces should be backed up with a thicker
piece of wood or metal to prevent the drill from sna%ging in
the workpiece. Do not attempt to hold any workpiece by hand
or serious injury could result.

Select a twist drill of the proper size for the hole to be
drilled. Ensure that the twist drill selected has the right type of
shank for the type of chuck mounted on the portable drill.
Taper shank drills cannot be mounted in a drill with a geared
chuck. Check each twist drill for sharp cutting edges prior to
use.

After securin%; the twist drill in the proper chuck, connect
the portable drill to its power source. Position the portable
drill perpendicular to the workpiece and center the chisel point
of the drill in the center-punched hole of the workpiece.
Apply firm but not too heavy pressure upon the portable drill,
pull the trigger or throttle button to start the drill.

Apply a few drops of cutting oil to the twist drill and hole
(Figure 3-12) to improve the cutting action and prevent
overheating of the twist drill. For long drilling operations, stop
the drill and allow it to cool; then apply additional cutting oll
to the drilling area. The lock button can be engaged for
lengthy cutting operations.

Continue drilling the hole while applying enough pressure
to produce a clean chip, but not so much pressure as to cause
the motor to strain or the drill to bind. The drill must be held
firmly at all times to prevent the drill from being wrenched
from the hands of the operator if the flutes of the drill should
snag on a metal burr in the hole.

As the twist drill nears the back wall of the workpiece,
release the lock button so that the drill can be stopped
immediately if required. Decrease the feed pressure as the drill
breaks through, and cautiously feed the drill through the wall
of the workpiece. If the drill should snaﬁ on a burr, stop
drilling immediately and withdraw from the hole. Carefully
feed the drill back into the hole while the drill is turning to cut
through the burr.

WRONG

Figure 3-12. Drilling lubrication, correct and incorrect.

When a portable drill is mounted to a vertical stand, the
operating procedure is identical to that used for the upright
drilling machine. Use the lock button while drilling and use
the hand lever to drill to the required depth.

Portable drilling operations can be difficult to an
inexperienced operator. It is difficult to keep the twist drill
perpendicular to the workpiece during drilling, and it is hard
to drill to a desired depth accurately. If help Is available, use
the buddy system to keep the drill aligned while drilling. To
drill to depth, mark the twist drill with a light colored marking
pen or a strip of tape and keep a close watch on the drill as it
cuts. Another way to drill to depth accurately using the
portable drill is to use a jig, such as a piece of metal pipe or
tubing cut to length, to indicate when the drill has reached the
desired depth.

PORTABLE GRINDERS

PURPOSE AND TYPES

The portable grinder is a Iightwei?ht, hand-operated
machine tool. It can be ﬁ)owered electrically or pneumatically,
dependin? on the model selected. The portable grinder is used
in the field or maintenance shop to grind excess metal from
welds, remove rust, and for special finishing operations
around the work area. Since this tool is hand operated, the

uality of the work depends upon the ability and experience of
the operator.
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A small portable chuck type grinder may be known as a
die grinder and is available with a number of accessories.

Figure 3-13. Portable electric grinder (chuck type).



These accessories include rotary files, small circular saws,
wire brushes, assorted grinding wheels, and small sanding and
poIishin%disks. These accessories are mounted to straight
shank arbors which fit into the collet chuck of the grinder.
Special reduction collets are provided so that smaller diameter
arbors or shanks can be mounted in the chuck. Operations
performed with this portable grinder include shaping and
smoothing intricate dies and castings, removing burrs from
edges and surfaces, cleaning and repairing threaded parts,
repairing  keyways and  splines, grinding  bevels,
coufntersinking holes. and repairing scored and mutilated
surfaces.

The portable grinder (wheel type) (Figure 3-14) can be
electric or pneumatic and is designed for heavy-duty portable
grinding operations. It is capable of mounting and rotating 6-
Inch-diameter grinding abrasive wheels and 6-inch-diameter
wire brushes and polishing wheels. This grinder is used as a
hand grinder for removing rust, corrosion, and sharp burrs
from large workpieces (Figure 3-15).

ELECTRIC TYPE
Figure 3-14 Portable grinders (wheel type).

Figure 3-15. Operation of portable pneumatic grinder.
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Most portable grinders come with a grinder stand (Figure
3-16). Mounted on this stand, the grinder can be used to
sharpen twist drills and cutter bits in the machine shop. Most
grinders also come equipped with a wheel guard that should
remain in place at all times to protect the operator from flying
sparks and waste material. The portable grinder is designed so
that the face of the grinding wheel is used; never use the side
gflt%e wheel or serious injury or damage could occur (Figure

Figure 3-16. Portable electric grinder (wheel type) with grinder stand.

Figure 3-17 Correct and incorrect methods of using the portable grinder
(wheel type).

The angle grinder (disk _type):iFiéure 3-18i| can be electric
or pneumatic, and is designed for heavy duty grinding

operations. The angle grinder consists of a depressed center
abrasive grinding disk wi rd attached to the basic
portable motor assembly| (Figure 3-19)| Care must be taken to
check the wheel for cracks and to ensure that the wheel guard
stays in place while operating.

OPERATIONS WITH PORTABLE GRINDERS

Before operating any portable grinder, check the grinding
wheel for cracks and check that the arbor hole is the proper
size for the grinder to be used. When operating these %rinders,
keep a light pressure on the work to avoid damaging the wheel
or overheating the workpiece.
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Both the small and the larger portable grinders operate at a
high speed, so avoid letting the wheel rest on one spot for too
long. This could cause the work to burn or the wheel to crack
and explode. Always check the manufacturer’s instruction.
manual before operation to ensure the grinding wheel’s
maximum rated speed is rated higher than the maximum speed
of the grinder.

~When grinding, buffing, or polishing with any portable
grinder, always keep a firm grip on the tool to avoid injury or
damage to equipment

\ $
PNEUMATIC ﬁ Q

\ _/’

MOTOR ASSEMBLY

WHEEL GUARD
% == WHEEL FLANGE
) __ 1 DEPRESSED CENTER
GRINDING WHEEL

LOCKING NUT

Figure 3-19. Configuration of an angle grinder (disk type).

PORTABLE SANDERS AND POLISHERS

PURPOSE AND TYPES

Portable sanders and polishers are used for surface
finishing of materials such as metal, wood, ceramics, and
plastics. Both tools are Lightweight and fairly easy cooperate.
They can be powered electrically or pneumatically and can be
light-duty or heavy duty.

Portable sanders are used to remove paint, rust, corrosion,
and |mﬂerfect|ons from the surface of workplaces to produce a
smooth surface for finishing. Field and machine shop
maintenance personnel use the disk-tyJ)e ortable sander

Figure 3-20)| The disk-type portable sander has a high-speed
motor that rotates an abrasive disk, wire wheel, or a grinding
wheel to prepare a surface for finishing. For sanding, a disk of
abrasive paper is mounted with a flexible backing pad on the
motor spindle (Figure 3-21)] The basic motor unit is similar to
the motor unit used for angle grinding, but with sanding there
Is no need for a wheel guard. On some models the motor
spindle can be locked by depressing a lock button to install or
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remove the sanding disks. A side handle on the motor housing
Is used to support the sander during operation. This handle can
be removed and screwed into the opposite side of the motor
housing for left-handed operation. Pneumatic sanders have an
advantage over electric sanders because they are lighter in
weight and easier to handle which usually produces a better
finished product.

NOTE: Portable sanders are not intended for use as portable
abrasive cutoff saws. The torque for cut off sawing will ruin
the soft gearing in the sander motor unit.

Various abrasive disks are used in the operation of the
portable electric sander. These disks consist of different
abrasive grains that have been bonded or glued onto a cloth or
paper disk (see|Table 3-2) in Appendix A..

The backing material that supports the abrasive disk is
made of a tough vulcanized rubber or fiber that can withstand



hard use and constant flexing. Normally, the abrasive grain
used on the disk is aluminum oxide, and the bonding agent is
glue or special resin. Abrasive disks come in open-coat or
closed-coat types, depending on the work to be performed.
The closed-coat disk has the abrasive grains bonded close
together, while the open-coat disk has the abrasive grains
spaced further apart. Oﬁen-coat abrasive disks are used for
sanding soft materials that could possibly load up a closed-
coat disk, for example, wood sanding, removing paint and
rust, and plastic. Closed-coat abrasive disks are used for
sanding metal, finishing ceramics, and for smoothing rougher
sanded areas.

Most portable sanders come with an instruction manual
and those accessories that the manufacturer recommends for
its use. These accessories can include a sanding setup which
includes a flexible rubber backing plate, several types of
sanding disks, and the hardware to secure the disk to the
motor assembly. Other accessories may include flexible
grinding disks with wheel guards, wire wheels, and odd-
shaped grinding cups with the appropriate wheel guard. Only
use accessories approved by the manufacturer to avoid injury
or damage to equipment.

ELECTRIC TYPE

Figure 3-20. Portable sanders.

The portable polisher (Figure 3-22) is used to produce a
super finish or shine to the workpiece surface. Polishing or
buffing a surface is desirable at times to increase smoothness
and make the surface easier to clean. By polishing a surface, a
workpiece can also be made more wear resistant. Portable
polishers are generally more powerful than portable sanders

Since they encounter a greater frictional resistance when in
operation, portable polishers operate at slower speeds than
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portable sanders so as not to mar the finished surface.
Pneumatic portable polishers are lighter in weight than electric
models and may make fewer buffing marks on the finish. In
order to improve the surface quality of a workpiece through
polishing, it is necessary to use a soft bonnet or cover over the
sander backing pad.

ABRASIVE SANDING DISK
LOCKING NUT

Figure 3-21. Portable sander configurations.

Lamb’s wool polishing bonnets are recommended with a
soft rubber cushion pad separating the bonnet and the backing
ﬁad. Polishing compound, which is a mild abrasive, is used to

elp ﬁohsh the surface. A left- or right-handed side handle is
attached to the motor housing to help control the polisher
during operations.

PNEUMATIC TYPE

ELECTRIC TYPE

A S
S TS it S

e T
Figure 3-22. Portable polishers.
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OPERATIONS WITH THE PORTABLE
SANDER AND POLISHER

Operating the portable sander is difficult due to the
rotating force of the disk, so the quality of the work depends
mostlg on the experience of the machine operator. Hold the
portable sander so that the abrasive disk forms an angle of
agproxmately 15° to the workpiece surface (Figure 3-
23). Apply just enough pressure against the sander to bend the
sanding pad and abrasive disk so that about 2 inches of the
disk contact the surface. Move the sander from side to side,
overlapping each path with the next.  If the sander cuts
irreqularly or is hard to control, the sander is most likely at an
angle less than the required 15° to the workpiece. If the sander
gouges or leaves rough ed%es, the angle formed by the sander
IS most I|kelﬁ too great. When the sander is operating, keep it
moving back and forth across the workpiece or lift it free to
avoid damaging the surface.

The portable polisher looks like the portable sander but it
is built with a slower speed and high torque needed for
i)ollshmg. Polishing is performed by placing the spinning
amb’s wool polishing bonnet lightly against the workpiece
and moving the polisher lightly back and forth while
maintaining a light pressure on the workpiece. Avoid pressing
down too hard, or the surface could get damaged. Use separate
polishing bonnets for different polishing abrasives, glazes, or
Waxes. Reaﬁply polishing compound as needed to keep a
smooth finish.
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Figure 3-23. Correct and incorrect methods of using the electric sander.

PORTABLE METAL SAWING MACHINES

PURPOSE AND TYPES

The portable metal sawing machines described in this
section are those lightweight and easily transportable saws that
are used in a field or normal machine shop by maintenance
personnel. These saws can be used to cut stock that is too big
or too long to move to a maintenance shop to be cut. The
following portable sawing machines are described in  this
section: the portable hacksawing machine, the portable
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band sawing machine, and the portable reciprocating saw.
Two of these saws are operated by hand, so the quality of
work depends uFon the experience and skill of the operator.
Portable metal sawing machines can be used in the
maintenance shop to cut wood, steel, plastics, electrical
conEuit, tubing, pipes, and shop stock, and for auto body
work.



THE PORTABLE HACKSAWING MACHINE

The portable hacksawing machine (Figure 3-24) is not
designed to be hand-held, but to lock onto the workpiece with
a self-contained vise. This saw has a built-in electric motor
that causes a power hacksaw blade to reciprocate at a fixed
speed of 115 strokes per minute. The machine is capable of
cutting solid steel 3 inches square and at an angle to 45°. This
saw can be used in a horizontal, angular, or vertical position,
having an adjustable counterbalance to compensate for
operating the sawing machine in a vertical position. A 10-inch
power hacksaw blade is used with this machine, producing a
4-inch stroke. A tension screw permits increasing or
decreasing the blade pressure with each cut. The portable
hacksawing machine will support itself when fastened very
securely to a stationary workpiece, using the self-contained
Vise.
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Figure 3-24. Portable hacksawing machine.

To OEerate the portable hacksawing machine, insert a
power hacksaw blade of 18, 24, or 32 teeth per inch,
depending on the material to be cut. Then, check the
adjustment of the tension screw and the adjustment of the
counterbalance lever. Turning the tension screw clockwise
will increase the amount of lift the hacksaw blade makes on
each return stroke and will increase the downward pressure of
the blade on each cutting stroke. Counterclockwise rotation of
the screw will decrease the lift and pressure. This control
should be adjusted to cause the hacksaw blade to lift 1/8 inch
on each return stroke to provide maximum cutting speed and
efficiency. The counter balance lever controls the downward
pressure exerted upon the hacksaw blade by the weight of the
saw frame. By moving the counterbalance lever to the left, the
pressure is decreased. Moving the lever to the right increases
the pressure. Mount the workpiece squarely or angularly in the
vise, depending on the type of cut desired. Start the sawing
machine and observe the cutting action. If the machine strains,
the blade pressure may be too heavy.
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If the machine cuts very slowly, increase the pressure.
Continuously check the power hacksaw blade for sharpness. If
the blade is dull, it should be replaced. When the machine cuts
completely through the material, the saw frame will fall and
trip the motor switch, stopping the saw.

When the sawingi machine is used in the vertical position,
the counterbalance lever must be positioned in the farthest
right notch of the guide bar ratchet to compensate for the lack
of gravitational pressure normaII?/ applied to the blade by the
saw frame. This practice should be attempted only if the
workpiece can be clamped very securely in the vise and
cannot be wrenched loose during vertical sawing, or damage
to personnel or equipment could occur .

THE PORTABLE BAND SAWING MACHINE

The portable band sawing machine (Figure 3-25) or
portable band saw is a lightweight, hand-held unit powered by
an electric motor. The saw motor and gears rotate a solid steel
band saw blade around two large wheel pulleys and through
several saw blade guides at such an angle to give clearance to
the workpiece being cut. The portable band saw can cut steel
round stock to 3 3/8 inch diameter or steel rectangular stock 3
3/8-inch thick by 4 1/8 inch wide. The portable metal band
sawing blades are 44 7/8 inches long and can have from 6 to
24 teeth per inch, providing a wide range of cutting
capabilities (seq Table 3-3 in Appendix A). Single-speed band
saw models are designed for softer metals, such as brass,
aluminum, and mild steel. Two-speed and variable speed
models can be switched to a low speed to cut harder metals,
such as stainless steel or tungsten. The band saw blade is
completely enclosed, using the motor housing as a blade
guard, except for the exposed part of the blade that does the
sawing. A hand grip and trigger switch are provided on one
end of the saw and a knob grip is on the other end to provide
for maximum control while sawing.

FRONT GRIP

TRIGGER ON/OFF
SPEED ~
SELECTOR \

\_’l
BANDSAW _Aj
BLADE WORK

REST
Figure 3-25. Portable hacksawing machine.
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To start sawing, make sure that the material to be cut is
held very securely in the vise to avoid excessive vibration.
Select the a i)ropriate blade for the material to be cut and
mount the blade securely into the portable band saw in
accordance with the manufacturer’s instructions. Take hold of
the front knob grip handle and rear hand grip handle and
squeeze the trigger switch to start the saw blade in motion. Set
the speed apf)ropriateI?/ if operating a two-speed or variable-
speed model. Gently lower the ﬁortable band saw onto the
workpiece, being careful to use the weight of the machine as
pressure to cut. If the operator uses additional pressure on the
workpiece, the saw blade will slow down and reduce the
cutting efficiency. Hold the machine steady and the saw blade
straight to avoid twisting or breaking the blade. At the
completion of the cut, do not allow the saw to fall onto the
workpiece. Maintain hand control of the machine, release the
trigger switch, and allow the blade to stop before setting down
the saw. Never use a liquid coolant with the portable band
sawing machine as this could damage the saw guide bearings
or rubber pulleys. Lubricate and service each saw as specified
in the manufacturer’s instructions.

THE PORTABLE RECIPROCATING SAW

The %ortable reciprocating saw (Figure 3-26) is a hand-
held lightweight machine tool that can be electrically or
pneumatically J)owered, depending on the model selected. The
saw motor and gearing cause a single knife-like blade to move
rapidly in and out, sawing across a workpiece as hand pressure
is applied. The saw may be a one-speed model or two speed
model. The one-speed model o[)erates at high SEeed only and
is used for cutting soft materials like wood or sheet rock. The
two-speed models have a switch that can move the speed from
high speed to low speed, so that harder materials, such as
metal pipes and steel sheets, can be cut.

The portable reciprocating saw, with the proper blade
installed, can cut through steel stock up to 1 inch square or
steel I;oipe up to 4 inches in diameter. An enclosed hand grip
handle with trigger switch is provided at one end of the saw
and another hand grip is toward the front of the saw, near the
blade, to provide for maximum control while sawing. The
blade freely protrudes from an angled work rest that is
attached to the motor housing. There is no blade guard, so
care must be exercised at all times.

To start sawing, ensure the material to be cut is held
securely to avoid vibration that could break the saw blade.
Select the right blade for the material to be cut and mount the
blade into the blade clamp according to the manufacturer’s
instructions. Check the speed setting, get a firm grip on both
handles, and squeeze the trigger switch. Guide the saw so that
the work rest is against the workpiece and lower the saw until
the blade starts cutting into the workpiece. Keep a firm grip
through the saw cut and control the saw to avoid twisting or
breaking the blade. After the cut is completed, maintain
control of the saw and release the trigger switch. Allow the
blade to come to a complete stop before laying the tool down.
Periodically lubricate and service the portable reciprocating
saw according to the manufacturer’s instructions.

BLADE CLAMP HOLDER

TRIGGER ON/OFF |

Figure 3-26. Portable reciprocating saw.

PORTABLE METAL CUTTING SHEARS PURPOSE AND TYPES

PURPOSE AND TYPES

The portable metal cutting shears are lightweight, hand-
held power tools used to cut through sheet metal. These shears
are capable of continuous cutting along a straight or irregular
line on a workpiece. Field and machine shop maintenance
personnel use the portable metal cutting shears for sheet metal
trimming, auto body work, duct work, aircraft structural
repair, and cutting template patterns. These tools can be
polwergd by an electric motor or air depending on the model
selected.
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There are two basic types of portable metal cutting shears;
the heavy-duty t)g)e with the upper movable blade (single-cut)
Figure 3-27); and the light-dut tgpe with the scissor action
ade (doublecut)| (Figure 3-28)| Both types of shears work
well, but there are slight differences in the operation and
capabilities of each. Since these are hand controlled tools, the
uality of work performed depends upon the experience and
skill of the operator.




HANDOLE

ELECTRIC MOTOR

ADJUSTING SCREW

FIXED SHEAR BLADE
Figure 3-27. Portable electric heavy-duty cutting shears (single cut).

s

Figure 3-28. Portable electric light-duty metal cutting shears (double cut).

The heavy-duty portable metal cutting shears have an
upper, movable shear blade that moves up and down very
rapidly over a fixed lower blade so that a continuous single-
cut action occurs. The single-cutting action of these shears can
cause the sheet metal being cut to warp or bend, so these
shears are not recommended for making precision templates
or very flat sheet metal pieces. Some models of the very
heavy-duty portable metal cutting shears can cut mild sheet
steel up to #6 gage or about 3/16-inch, but most maintenance
shops use the normal heavy-duty shears capable of cutting up
to #12 gage (about 7/64-inch) or thinner. Softer metals can be
slightly thicker than the rating for sheet metal and still be cut
successfully. The heavy-duty type shear has a blade clearance
adjustment so that the best cutting action can be obtained for
each type and thickness of metal.
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The light-duty portable metal cutting shears operate with a
scissor-like motion that makes a double cut by removing a
strip of metal about 1/4 inch wide which produces a
distortion-free piece (Figure 3-29). These shears are used for
thin sheet metal, such as #18 gage (about 3/64-inch) or
thinner. A hole about 3/8 inch in diameter is needed to gain
access for inside cutting. The rapidly reciprocating blade
enables these shears to cut intricate patterns, make models,
trim gaskets, and cut out templates from different sheet metal
materials. These light-duty type of shears are lighter in weight
and much easier to handle than the larger heavy-duty type.
The cutting blade clearance is set at the factory, so the only
adjustment is to sharpen the blades if the cutting action
becomes difficult.

Figure 3-29. Operation of the light-duty metal cutting shears.

OPERATION OF THE PORTABLE METAL
CUTTING SHEARS

Successful operation of the portable metal cutting shears
depends upon two important factors: sharp shear blades and
proper shear blade clearance. The shear blades are easily taken
out and sharpened or replaced as needed. Each model is
slightly different, so follow the manufacturer’s instructions on
sharpening or changing the shear blades. When sharpening the
shear blades, grind only the top and bottom edges. Never
grind the sides of the blades.

If the metal being cut twists or jams beneath the blades, the
most likely cause is excessive blade clearance. If the shears
bind or stall when cutting through the metal, or if the blades
tend to double shear and produce a burred edge, then the blade
clearance is probably too small. Sharpen or replace the shear
blades if the cutting action becomes slowed or stops, or if the
workpiece edges become burred.

3-13



TC 9-524

Before startin% to cut, scribe a line on the workpiece.
Holding the portable metal cutting shears in one hand, start
cutting from the edge of the sheet metal while keeping the
scribed line alongside the reciprocating blade. Only a light
forward pressure is required to guide the shears through the

metal. Any irregular contours can be followed quickly and
easily because one blade is always visible to the operator. If
the shear blades are sharp and the clearance for the blades is
correct, a clean, smooth cutting action should occur.

PORTABLE COOLANT ATTACHMENT

PURPOSE

The portable coolant attachment is a device for supplying
coolants and cutting oils for cutting operations with machine
tools when continuous application of a coolant or cutting oil is
required. The portable coolant attachment consists of a
container to hold the coolant or cutting oil, a ﬁump to force
the coolant through a flexible hose directed at the cutting tool
and workpiece, and a pan arrangement beneath the machine
tool to catch the coolant or cutting oil, filter it, and return it to
the container.

The portable coolant attachment (Figure 3-30) is self-
contained and powered by an electric motor. The coolant
container and catch pans are attached to the bed or frame of
the machine tool beneath the work area, and a flexible metal
hose is positioned where the stream of coolant or cutting oil
from the pump will flood the workpiece and cutting tool at
their point of contact. The pans beneath the workpiece catch
the coolant as it splashes from the workpiece and strain the
coolant as it flows back to the container for recirculation.
Coolant can be controlled by a valve at the base of the flexible
hose. A pipe Flug is provided at the base of the container to
drain the coolant from the container after use. The portable
coolant attachment moves easily from one machine to another
to provide various machines with cooling capabilities.

COOLANT ATTACHMENT OPERATION

The portable coolant attachment serves the needs of a
machine shop in a field or re?ular maintenance facility. It
provides coolant for lathes, mills, drilling machines, grinders,
sawing machines, and other machine tools. The attachment
should be set up under the area of the machine tool that does
the cuttin? action and needs to be cooled. The drip or catch
pans should be arranged horizontally to catch the coolant as it
drips from the workpiece. Position the flexible hose so that it
directs a stream of coolant to the point of contact between the
cutting tool and the workpiece.

The portable coolant attachment is a device for supplying
coolants and cutting oils for cutting operations with machine
tools when continuous application of a coolant or cutting oil is
required. The portable coolant attachment consists of a
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container to hold the coolant or cutting oil, a Eump to force
the coolant through a flexible hose directed at the cutting tool
and workpiece, and a pan arrangement beneath the machine
tool to catch the coolant or cutting oil, filter it, and return it to
the container.

4

Figure 3-30. Portable coolant attachment.

If the cutting tool moves along the workpiece, clip the
hose end to the cutting tool carriage so that the hose will move
with the tool.

The material to be machined will determine whether to use
a coolant or a cutting oil. Fill the container of the portable
coolant attachment with the selected coolant or cutting oil.
Start the pump motor of the attachment before starting the
machine tool to check the flow of coolant over the workpiece
being machined, and adjust the stream flow as necessary. Start
the machine tool and perform the cutting operation. At the
conclusion of the operation, stop the pump motor. Drain the
coolant or cutting oil from the container by removing the plug
at the bottom of the container. Clean out the container, pump,
and hose before using a different type of coolant.



Chapter 4
DRILLING MACHINES
GENERAL INFORMATION
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PURPOSE

This chapter contains basic information pertaining to drillin
machines. A drilling machine comes in many shapes an
sizes, from small hand-held power drills to bench mounted
and finally floor-mounted models. They can perform
operations other than drilling, such as countersinking,
counterboring, reaming, and tapping Iar(};e or small holes.
Because the drilling machines can perform all of these
operations, this chapter will also cover the types of drill bits,
took, and shop formulas for setting up each operation.

Safety plays a critical part in any operation involving
power equipment. This chapter will cover procedures for
servicing, maintaining, an settinE up the work, proper
methods of selecting tools, and work holding devices to get
the job done safely without causing damage to the equipment,
yourself, or someone nearby.

4 ™
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. >
Fiaure 4-1. Upright drilling machine.

USES

A drilling machine, called a drill press, is used to cut holes
into or through metal, wood, or other materials (Figure 4-1).
Drilling machines use a driIIingi tool that has cutting edges at
its point. This cutting tool is held in the drill press by a chuck
or Morse taper and is rotated and fed into the work at variable
speeds. Drilling machines may be used to perform other
operations. They can perform countersinking, boring,
counterboring, spot facing, reaming, and tapping (Figure 4-2).
Drill press operators must know how to set up the work, set
speed and feed, and provide for coolant to get an acceptable
finished product. The size or capacity of the driIIin% machine
is usually determined by the largest piece of stock that can be
center-drilled[(Figure 4-3)] For instance, a 15-inch drilling
machine can center-drill a 30-inch-diameter piece of stock.
Other ways to determine the size of the drill press are by the
largest hole that can be drilled, the distance between the
spindle and column, and the vertical distance between the
worktable and spindle.

[ — )
DRILLING REAMING
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BORING COUNTERBORING
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Figure 4-2. Operations of the upright drilling machine.
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Fgure 4-3. Determining the size of upright drilling machines.
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Figure 4-4. Construction of an upright drilling machine.

CHARACTERISTICS

All drilling machines have the following construction
characteristics (Figure 4-4): a spindle. sleeve or quill.
column, head, worktable, and base.

« The spindle holds the drill or cutting tools and revolves
in a fixed position in a sleeve. In most drilling machines,
the spindle is vertical and the work is supported on a
horizontal table.

o The sleeve or quill assembly does not revolve but may
slide in its bearing in a direction parallel to its axis.
When the sleeve carrying the spindle with a cutting tool
is lowered, the cuttin%tool is fed into the work: and when
it is moved upward, the cutting tool is withdrawn from
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the work. Feed ﬁressure applied to the sleeve by hand or
power causes the revolving drill to cut its way into the
work a few thousandths of an inch per revolution.

« The column of most drill presses is circular and built
rugged and solid. The column supports the head and the
sleeve or quill assembly.

» The head of the drill press is composed of the sleeve,
spindle, electric motor, and feed mechanism. The head is
bolted to the column.

o The worktable is supported on an arm mounted to the
column. The worktable can be adjusted vertically to
accommodate different heights of work. or it may be
swung completely out of the way. It may be tilted up to
90° in either direction, to allow for long pieces to be end
or angled drilled.

o The base of the driIIin? machine supports the entire
machine and when bolted to the floor, provides for
vibration-free operation and best machining accurac%/.
The top of the base is similar to a worktable and mayhe
ehquipbpl)ed with T-slots for mounting work too large for
the table.

CARE OF DRILLING MACHINES

Lubrication

Lubrication is important because of the heat and friction
generated by the moving parts. Follow the manufacturer’s
manual for proper lubrication methods. Clean each machine
after use. Clean T-slots. grooves. and dirt from belts and
Wlleys. Remove chi(Fs to avoid damage to moving parts.

ipe all spindles and sleeves free of ?I’It to avoid damaging
the precision fit. Put a light coat of oil on all unpainted
surfaces to prevent rust. Operate all machines with care to
avoid overworking the electric motor.

Special Care

Operations under adverse conditions require special care. If
machines are operated under extremely dusty conditions.
operate at the slowest speeds to avoid rapid abrasive wear on
the moving parts and lubricate the machines more often.
Under extreme cold conditions, start the machines at a slow
speed and allow the parts and lubricants to warm up before
increasing the speeds. Metal becomes very brittle in extreme
cold. so do not strike the machines with hard tools. Extreme
heat may cause the motor to overheat. so use intermittent. or
on and off, operations to keep the motor running cool.



TYPES OF DRILLING MACHINES

There are two types of drilling machines used by
maintenance personnel for repairing and fabricating needed
parts: hand-feed or power-feed. Other types of drilling
machines, such as the radial drill press. numerically
controlled drilling machine. multiple spindle drillin
machine, gang drilling machine, and turret drill press, are aﬁ
variations of the basic hand and power-feed drilling
machines. They are designed for high-speed production and
industrial shops.

Drilling depth is controlled by a depth-stop mechanism
located on the side of the spindle. The operator of the
machine must use a sense of feel while feeding the cutting
tool into the work. The operator must pay attention and be
alert. to when the drill breaks through the work, because of
the tendency of the drill to grab or snag the workpiece,
wrenching it free of its holding device. Due to the high speed
of these machines, operations that require drilling speeds less
than 450 revolutions per minute cannot be performed.
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Reaming, oounterborin_?,_and counter-sinking may require
slower speeds than drilling and may not be able to be
performed for all materials on these machines.

Hand-Feed

The hand-feed drilling machines (Figure 4-5) are the
simplest and most common type of drilling machines in use
today. These are light duty machines that are hand-fed by the
oPerator, using a feed handle. so that the operator is able to
“teel” the action of the cutting tool as it cuts through the
workpiece. These drilling machines can be bench or floor-
mounted. They are driven by an electric motor that turns a
drive belt on a motor pulley that connects to the spindle
pulley. Hand-feed machines are essentially high-speed
machines and are used on small workplaces that require
holes 1/2 inch or smaller. Normally, the head can be moved
up and down on the column by loosening the locking bolts.
Whilgh allows the drilling machine to drill different heights of
work.
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Figure 4-5. Hand-feed drilling machine.
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Power-Feed

The power-feed drilling machines (Figure 4-6) are usuaIIK
larger and heavier than the hand-feed. They are equipped wit
the ability to feed the cutting tool into the work automatically,
at a preset depth of cut per revolution of the spindle, usually In
thousandths of an inch per revolution.

These machines are used in maintenance shops for medium-
duty work, or work that uses large drills that require power
feeds. The power-feed capability is needed for drills or cutting
took that are over 1/2 inch in diameter, because they require
more force to cut than that which can be provided by using
hand pressure. The speeds available on power-feed machines
can vary from about 50 RPM to about 1,800 RPM. The slower
speeds allow for special operations, such as counterboring,
countersinking, and reaming.

The sizes of these machines generally range from 17-inch to
a 22-inch center-drillin? capacity, and are usually floor
mounted. They can handle drills up to 2 inches in diameter,
which mount into tapered Morse sockets. Larger workplaces
are usually clamped directly to the table or base using T-bolts
and clamps, while small workplaces are held in a vise. A
depth-stop mechanism is located on the head, near the spindle,
to aid in drilling to a precise depth.

Figure 4-6. Power-feed drilling machine.

SAFETY PRECAUTIONS

GENERAL
Drilling machines have some special safety precautions
that are in addition to those listed in| Chapter 1
DRILLING MACHINE SAFETY

Drilling machines are one of the most dangerous hand
operated pieces of equipment in the shop area. Following
safety procedures during drilling operations will help
eliminate accidents, loss of time, and materials. Listed below
are safety procedures common to most types of drilling
machines found in the machine shop.
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Do not support the workplaces by hand. Use a holding
device to prevent the workpiece from being tom from the
operator’s hand.

Never make any adjustments while the machine is
operating.

Never clean away chips with your hand. Use a brush.
Keep all loose clothing away from turning tools.

Make sure that the cutting tools are running straight
before starting the operation.




«  Never place tools or equipment on the drilling tables.

« Keep all guards in place while operating.

 Ease up on the feed as the drill breaks through the work

to avoid damaged tools or workplaces.
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» Remove all chuck keys and wrenches before operating.

»  Always wear eye protection while operating any drilling
machines.

TOOLS AND EQUIPMENT

TWIST DRILLS

Twist drills are the most common cutting tools used with
drilling machines. Twist drills are designed to make round
holes quickly and accurately in all materials. They are called
twist drills mainly because of the helical flutes or grooves that
wind around the body from the point to the neck of the drill
and appear to be twisted (Figure 4-7). Twist drills are simpl
constructed but designed very tough to withstand the hig
torque of turning, the downward pressure on the drill, and the
high heat generated by friction.

ROUND TAPER BODY o
SHANK MARGIN WEB
~ A 14 AXIS
TANG
NECK  FLUTE CUTTING EDGE
oumsren—>| l"’up
[ BODY
\ CLEARANCE > -
STRAIGHT MARGIN
SHANK CHISEL EDGEOR
DEAD CENTER

Figure 4-7. Twist driil nomenciature.

There are two common types of twist drills, high-speed
steel drills, and carbide-tipped drills. The most common type
used for field and maintenance shop work is the high-speed
steel twist drill because of its low cost. Carbide-tipped metal
drills are used in production work where the drill must remain
sharp for extended periods, such as in a numerically controlled
drilling machine. Other types of drills available are: carbide
tipped masonry drills, solid carbide drills, TiN coated drills,
parabolic drills and split point drills. Twist drills are classified
as straight shank or tapered shank (Figure 4-7). Straight shank
twist drills are usually 1/2-inch or smaller and tit into geared
drill chucks, while tapered shank drills are usually for the
larger drills that need more strength which is provided by the
taper socket chucks.

Common twist drill sizes range from 0.0135 (wire gage size
No. 80) to 3.500 inches in diameter. Larger holes are cut by
special drills that are not considered as twist drills. The
standard sizes used in the United States are the wire ga?e
numbered drills, letter drills, fractional drills, and metric drills
(Seq Table 4-1} in Appendix A). Twist drills can also be
classified by the diameter and length of the shank and by the
length of the fluted portion of the twist drill.

Wire gage twist drills and letter twist drills are generally
used where other than standard fractional sizes are required,
such as drilling holes for tapping. In this case, the drilled hole
forms the minor diameter of the thread to be cut, and the
major diameter which is cut by tapping corresponds to the
common fractional size of the screw. Wire gage twist drills
range from the smallest to the largest size; from No 80
(0.0135 inch%to No 1 (0.2280 inch). The larger the number,
the smaller the diameter of the drill. Letter size twist drills
range from A (0.234 inch) to Z (0.413 inch). As the letters
progress, the diameters become larger.

Fractional drills range from 1/64 to 1 3/4 inches in 1/64-inch
units; from 1/32 to 2 1/4 inches in 1/32-inch units, and from
1/16t0 3 1/2 inches in 1/16-inch units.

Metric twist drills are ranged in three ways: miniature set,
straight shank, and taper shank. Miniature metric drill sets
range from 0.04 mm to 0.99 mm in units of 0.01 mm. Straight
shank metric drills range from 0.05 mm to 20.0 mm in units
from 0.02 mm to 0.05 mm depending on the size of the drill.
Taper shank: drills range in size from 8 mm to 80 mm in units
from 0.01 mm to 0.05 mm depending on the size of the drill.

The drill (?agfeF[I,'-}Fiure 4-8)|is used to check the diameter size
of a twist drill. The gage consists of a plate having a series of
holes. These holes can be numbered, lettered, fractional, or
metric-sized twist drills. The cutting end of the drill is placed
into the hole to check the size. A micrometer can also be used
to check the size of a twist grill by measuring over the
margins of the drill[Figure 4-9)| The smaller sizes of drills are
not usually marked with the drill size or worn drills may have
the drill size rubbed off, thus a drill gage or micrometer must
be used to check the size.
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~ Itis important to know the parts of the twist drill for proper
identification and sharpening|(Figure 4-7).

The point is the entire conical shaped end of the drill
containing the cutting edges and chisel edge.

The body is the part of the drill that is fluted and relieved.

The shank is the part that fits into the holding device,
whether it is a straight shank or a tapered shank.

The chisel edge is the point at which the two lips meet. The
chisel edge acts as a chisel when the drill is turning and cuts
into the workpiece. The chisel edge must always be centered
exactly on the drill’s axis for accurate cutting action.
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Figure 4-8. Drill gage.
The cutting edge lips cut like knives when fed and rotated

into the workpiece. The lips are sharp edges formed by
grinding the flutes to a conical point.
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The heel is the conical shaped portion of the point in back
of the cutting edge lips.

The amount of slope given to the heel in back of the drill
lips is called lip clearance. This clearance is necessary to
kee,o the heel from rubbing the bottom of the hole being
drilled. Rubbing would prevent the drill from cutting.

The flute is the helical groove on the drill. It carries out
the chips and admits coolant to the cutting edges.

The margin is the narrow surface along the flutes that
determines the size of the drill and keeps the drill aligned.

The portion of the drill body that is relieved behind the
margin IS known as the body clearance. The diameter of this
part Is less than that of the margin and provides clearance so
that all of the body does not rub against the side of the hole
and cause friction. The bodly clearance also permits passage
of lubricants around the drill.
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Figure 4-9. Measuring a drill with a micrometer.

The narrowed end of the tapered shank drill is called the
tang. The tang fits the slot in the innermost end of the drill
spindle, drill chuck, or other drill holdin? device and aids in

riving the tool. It also prevents the drill from slipping.

The web of the drill is the metal section separating the
flutes. It runs the length of the body between the flutes. The
web gradually increases in thickness toward the shank,
increasing the rigidity of the drill.

An imaginary line through the center of the drill from end
to end is the axis. The drill must rotate evenly about the axis
atall times.



SPECIAL DRILLS

Special drills are needed for some applications that a normal
general purpose drill cannot accomplish quickly or accurately.

pecial drills can be twist drill type, straight fluted type, or
special fluted. Special drills can be known by the job that they
are designed for, such as aircraft length drills, which have an
extended shank. Special drills are usually used in.
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high-speed industrial operations. Other types of special drills
are: left hand drill, Silver and Deming, spotting, slow spiral,
fast spiral, half round, die, flat, and core drills. The general

urpose high-speed drill, which is the common twist drill used
or most field and maintenance shops, can be reground and
adapted for most special drilling needs.

SHARPENING TWIST DRILLS

Twist drills become dull and must be resharpened. The
preferred method of resharpening a twist drill is with the drill
?rinding machine, but this machine is not always available in
ield and maintenance units, so the offhand method of drill
sharpening must be used (Figure 4-10). The off hand method
requires that the operator have a knowledge of the drilling
geometry (Figure 4-11) and how to change drill angles as
needed for any drilling job (see[Table 4-2 in Appendix A).

Figure 4-10. Off-Hand method of driii sharpening.

A = CUTTING LIP ANGLE
B = LIP CLEARANCE ANGLE
C = CHISEL EDGE ANGLE

Figure 4-11. Drill geometry.

Tools needed are a utility or bench grinder with a dressed
wheel and a drill point gage (Figure 4-12) or protractor head
on the combination square. The drill point gage is set at 59°
and adjusted along the steel rule to fit the drill to be
sharpened. The cutting lips must be of the same angle, the lip
clearance angle must be within a specific de%ree range, and
the cutting lips must be of an equal length. There are several
basic characteristics that all twist drills must have to cut
properly. The following will cover those characteristics.

118

@)

Figure 4-12. Checking the lip angle.
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PRECHECK

Before sharpening a twist drill, the operator must check the
condition of the drill for chipped and cracked lips or edges
that must be ground off during the sharpening process. The
operator must also check the references for the gro er i
angle and lip clearance angle for the material to be drilled.
After setting up the bench grinder for offhand drill
sharpening, the operator assumes a comfortable stance in front
of the grinding wheel to sharpen the twist drill. The suggested
method is to grind the lip angle first, then concentrate on
?_rinding the lip clearance angle, which will then determine the
Ip length. The usual lip angle is an included angle of 118°
(59° x 2) (Figure 4-13), which is the lip angle of general
purFose drills. Use the drill point gage frequently to check lip
angle and lip length. When grinding, do not allow the drill to
become overheated. Overheating will cause the drill edges to
hecome blue which is an indication that the drill’s temper has
been lost. The blue area must be ground completely away to
reestablish the drill’s temper. If a drill becomes too hot during
shalrpening, the lips can crack when dipped into cold water or
coolant.

4 CUTTING DGR
O Up
CUTTING EDGE
ORLP CHISEL EDGE
\ ~

Figure 4-14. The drill point.

~ When both the angles and the length of the angles are
incorrect, then excessive wear is put on both the drill and
mz)ichme, which will result in poor workmanship (Figure 4-
15).

LIP ANGLES LIPLENGTHS LIPLENGTHS AND
IIJNENQ?JAL UNEQUAL ANGLES UNEQUAL

|7 LIP LENGTH
LIP ANGLES
~
e ~
LIP
LIP ANGLE CLEARANCE
ANGLE

Figure 4-13. Twist drill angles.

DRILL POINT

When grinding the lip angle, use the drill point gage and
rind one lip perfectly straight and at the required an?Ie
?usually 590). Then flip the drill over and grind the other lip.
Once the angle is established, then the lip clearance angle and
lip length can be ground. If both lips are not straight and of
the same angle, then the chisel edge (Figure 4-14) will not be
established. It is it important to have a sharp and centered chisel
edge or the drill will not rotate exactly on its center and the
hole will be oversized. If the drill point is too flat, it will not
center properly on the workpiece. If the drill ?oint IS too steep,
the drill will require more power and cut slowly. When the
angles of the cutting lips are different, then the drill will only
have one lip cutting as it revolves. The hole will be oversized
and the drill will wear very rapidly.
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Figure 4-15. Results of improperly ground drills.

CLEARANCE ANGLE

When grinding the lip clearance angle, (Figure 4-13), relief
must be given to both cutting edges aIIowin([; them to enter
into the workpiece to do the cutting. General purpose drills
have a clearance of 8° to 12°. The chisel edge of a correctly
ground drill should be at an angle of about 45° with the line of
the cuttin ed?es. The angle of the chisel edge to the lips is a
guide to the clearance| ZFigure 4-16)] Too much clearance will
cause the drill to break down because of insufficient support

of the lip, and there will not be enough lip thickness to carry
away the generated heat.

Too little clearance will result in the drill having little or no
cutting edges, and the increased pressure required to feed it
into the hole will cause the drill to break. By looking straight
onto the cutting tip of the drill, the operator can see if the
chisel edge is correct. If the chisel edge Is correct at 45° to the



lips, then it is an indication that the lip clearance angle is
correct. An incorrect chisel edge is usually produced by
holding the drill at an incorrect angle to the wheel (Figure 4-
17) when grinding. A good guide Is to hold the drill parallel
to the ground, and make slight adjustments.

RAKE ANGLE

The angle between the flute and the axis of the drill that
forms the cutting edge is known as the rake angle (Figure 4-
182. Generally, the rake angle is between 180 and 450, with
30° being the most common. Drills used on armor plate or
other very hard materials need a reduced rake angle to
increase the su Bort behind the cutting edge. Soft materials,
like brass and bronze, also use a reduced rake angle to
prevent the drill from grabbing. The rake angle partially
governs the tightness with which the chips curl and the
amount of space they occupy. If the rake angle is too small,
the lips may{ be too thin and break under the strain of
drilling. Too large of a rake angle makes the drill chatter and
vibrate excessively.

Bl i

CORRECT CLEARANCE NEGATIVE
CLEARANCE ANGLE CLEARANCE
ANGLE TOO GREAT ANGLE

O ©

CORRECT CHISEL EDGE NEGATIVE
CHISEL EDGE ANGLE CHISEL EDGE
ANGLE TOO GREAT ANGLE

Figure 4-16. Lip clearance angle is directly proportional to the chisel point.

The web of a drill is made thicker toward the shank to
strengthen the tool. In smaller size drills, the difference is not
noticeable, but in larger drills, when the point is ground back
by repeated sharpening, the thickness of the web becomes
greater and the chisel edge of the drill becomes wider. This
causes the chisel edge to scrape on the bottom of the hole and
requires excessive pressure to be applied to the drill. This can
be corrected by thinning the web (Figure 4-19). The point is
ground thinner on a thin grinding wheel with a rounded face
to fit into the flute. An equal amount of metal should be
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ground from each flute. The web should not be ground too
tﬂm a_sdgrs may weaken the web and cause the drill to split in
the midale.

Figure 4-17. Adjusting the drill for grinding the tip angle.

RAKE
ANGLE

o=

Figure 4-18. Rake angle.

CHISEL
E EDGE 5
WEB TOO WEB
THICK THINNED METHOD

Figure 4-19. Thinning the web.

DRILL GRINDING MACHINES

Drill grinding machineq (Figure 4-20) make the accurate
grinding of all types anasizes of drills an easy job.
Comparatively little skill is required to sharpen drills with
these machines while following the operating instructions.
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They are particularly valuable when a large number of the
same general type of drills are to be sharpened. Two basic
designs for the bench-type drill grinding machines are
available. Both perform the same operations but use different
drill holding devices. The capacity of these machines is stated
in the horsepower of the electric motor and the sizes of drills
which can be accommodated by the drill holding devices.

SINGLE WHEEL FIXTURE

One kind of bench-type drill grinding machine consists of an
electric motor, a grindin(]; abrasive wheel attached to the motor
shaft, and fixtures to hold and position all types of twist drills
for drill grinding. A web thinning drill grinding attachment,
drill holder assembly, and swinging arm hold the drill ina
fixed position for each grinding operation and permit the
cutting edge lips to be ground symmetrically at the correct
angle and with the correct clearance to ensure long life and
efficient cutting. Collets and bushings are supplied with the
drill grinding machine to hold a wide range of different sized
drills. The grinding machine has a diamond set in the wheel-
dressing arm to dress the grinding wheel as necessary.

DOUBLE WHEEL SWING ARM

Another kind of bench type drill grinding machine is
e?uipped with two grinding abrasive wheels, one at each end
of the motor shaft. One wheel is beveled for thinning the web
of the drill at the point. The other wheel is used for lip
grinding. The grinder includes a wheel holder assembly for

GRINDING]
ABRASIVE

BASE—
SWINGING
ARM o
i 4
WEB THINNING DRILL Rgs‘ss'"a
GRINDING ATTACHMENT =
GRINDING ABRASIVE
WHEEL {BEVELED) WHEEL DRESSER

GRINDING

mounting the drill and providing a means for bringing the drill THINNING
into contact with the grinding wheel at the correct an?le and POINT
feed to obtain proper clearance angles. A thinning drill point REST
rest is mounted forward of the beveled grinding abrasive raas
wheel to rest and guide the drill during web thinning BASE DRILLHOLDER |
operations. A wheel dresser is provided to dress the grinding Figure 4-20, Drill grinding machines
wheel as necessary.
OTHER TYPES OF CUTTERS

Drilling machines use cutters, that are not drills, to
produce special holes. Below are listed the most common

types.
COUNTERSINKS

Countersinks IFiéure 4-21] are special angled cutters used to
countersink holes for flathead screws so they are flush with

the surface when mounted. The most common countersinks
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are cone shaped with an?Ies of 82°. Cone angles of 60°,
90°,100°,110°, and 120° are for special needs.

COUNTERBORES

Counterbores|(Figure 4-21) are sFeciaI cutters that use a
pilot to guide the cutting action to enlarge a portion of a hole.
Common uses are for enlarging a hole to make a bolt head fit
flush with the surface.



COMBINED COUNTERSINK AND CENTER
DRILL

This special drilling tool (Figure 4-21) is used to start holes
accurately. These tools are mainly used to center drill and
countersink the end of round stock In a lathe machine.

REAMERS

Reamers (Figure 4-21) are cutting tools that are used to
enlarge a drilled hole by a few thousandths of an inch for a
precise fit.

BORING TOOLS

Boring tools (Figure 4-21) are not usually considered with
drilling, but they can be used to bore a hole using the power-
feed drilling machines. These tools consist of an arbor with a
tool bit attached that cuts a preset sized hole according to the
distance that the tool bit protrudes from the arhor.

FIELD EXPEDIENT CUTTERS

Under battlefield conditions, the exact tools may not be
available for each job. Simple flat drills can be made quickly
from a high-speed steel lathe tool bit or a drill blank. If a
grinder is available, then a crude drill can be ground that has a
point and two flat edges, which could produce a hole if
enough pressure is applied and the workpiece is machinable.
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COUNTERSINK
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COUNTERBORE
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COMBINATION COUNTERSINK AND CENTER DRiLL

—

REAMER

D))

BORING BAR AND CUTTER BIT

Figure 4-21. Other types of cutters.

TAP AND DIE WORK

Hand taﬁping and hand die work can be done on a drilling
machine. The drill chuck is used to align the tap or die.

DRILL HOLDING DEVICES

The revolving vertical spindle of the drilling machine holds
and drives the cutting tool. In order to use various sizes and
shapes of drills in various machines three types of drill
holding devices, which fit the spindle of the drilling machines,

are used: the geared drill chuck, the drill sleeve, and the drill
socket|(Figure 4-22)| The larger drilling machines have a

spindle that has a standard Morse taper at the bottom
end. There are three types of drill holding devices: the geared
drill chuck, the drill sleeve, and the drill socket.

GEARED DRILL CHUCKS

Drills with straight shanks are held in geared drill chucks
which have three adjustable jaws to clamp onto the drill.
Smaller size drills are made with straight shanks because of
the extra cost of providing these sizes if tapered. Geared drill
chucks come in various sizes, with the 3/8 or 1/2-inch
capacity chuck being the most common. The shank of the

chuck is set into the spindle of the drilling machine by
inserting the chuck’s shank into the spindle’s internal taper
and seating the shank into the taper with a Ii?ht blow with a
soft hammer. Both the internal and external taper surfaces
must be clean and free of chips for the shank to seat and lock
properly. The drill is locked into the chuck by using the
chuck key to simultaneously tighten the three chuck jaws.
Geared drill chucks can also come with a morse tapered
shank and may have a different method of attaching They
may screw on, have a Jarno taper, or a Jacob’s back taper.

DRILL SOCKETS AND DRILL SLEEVES

Morse taper shank drills come in several sizes, thus, adapters
must be used for mounting them into various drilling machine
spindles. Drill sleeves and drill sockets are designed to add to
or subtract from the Morse taper for fitting a drill into the
chuck spindle. For example, it is common for a 3/4 inch twist
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drill to have a Morse taper of size #2, #3, or #4. It is also com-
mon for a drilling machine spindle to have a Morse taper of
size #3 or #4, and it can be adapted for many other Morse
taper sizes, depending on the size of the drill.

A drill too small for the machine spindle may be fitted into a
socket or sleeve which has a taEer hole of the proper size to
hold the drill and a taper shank of the proper size to fit the
drill spindle. Sometimes, more than one socket or sleeve is
needed to build up the shank to tit into the drilling machine
spindle. Sockets and sleeves may be obtained in a number of

ifferent sizes and hole shank taper combinations. Sockets,
sleeves, and taper shank drills are mounted into the aligning
slots of the spindle and lightly tapped with a sotf hammer to
seat in place.

( TAPERED SHANK

DRILL SLEEVE

Used to hold tapered shank twist drills that are too
small for the tapered hole in the spindle of the drilling

machine.
]
DRILL SOCKET

Used to hold twist drills with shanks too large to fit
into either the drill press spindle or a sleeve.

\. —/
Figure 4-22 .Drill holding devices.
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DRILL DRIFTS

Drill drifts are flat, tapered keys with one rounded edge that
are designed to fit into a spindle chuck’s slot to force a tapered
shank drill loose. The rounded top of the small end of the drill
drift is designed to face upward while inserting the drift into
the slot. There are two types of drill drifts, the standard tyBe
and the safety type (Figure 4-23). The standard drift must be
inserted into the chuck’s slot and then struck with a soft
hammer to jar the taper shank drill loose. The drill will fall
quickly if not held bY the hand and could break or cause
injury. The safety drill drift has a sliding hammer weight on
the drift itself to allow for a free hand to stay constantly on the
drill as it comes loose.

Z

! ~oae

e——CUTAWAY
VIEW

SAFETY DRILL
DRIFT
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Figure 4-23. Drift drills.

WORK HOLDING AND DRILLING
DEVICES

Work holding devices are used to hold the work steady for
an accurate hole to be drilled, and so a safe drilling operation
can be accomplished. Drilling support devices are used to
keep the workEiece above the worktable or vise surface and to
keer) the workpiece aligned for drilling. Some devices are
fairly simple and are used for drilling operations that do not
require a perfect hole. Other devices are very intricate and
designed for more accurate drilling. Many work holding
devices are used with one another to produce the most stable
work setup for drilling.

MACHINE TABLE VISES

A machine table vise is equipped with jaws which clamp
against the workpiece, holding it secure. The vise can be
holted to the drilling table or the tail can be swung around to
lay against the column to hold itself steady. Below are listed
many types of special purpose machine table vises available to
machine operators.



« The standard machine table vise is the simplest of all
vises. It is equipped with two precision ground jaws for
holding onto the work and a lead screw to tighten the one
movable jaw to the work (Figure 4-24).

o The swivel vise is @ machine vise that has an adjustable
base that can swivel through 360° on a horizontal plane
(Figure 4-24).

o The angle vise is very similar to the table vise. except
this vise can be tilted to 90°. to be perpendicular to the
work table (Figure 4-24).

« Many other vises are available. They include the
compound vise. universal vise, magnetic vise, and
contour Vise.

STEP BLOCKS

“These holding devices are built like stairs to allow for
height adjustments in mounting drilling jobs and are used
with strap clamps and long T-slot bolts (Figure 4-25).

CLAMPS

Clamps are small, portable vises or plates which bear
against the workpiece and holding devices to steady the job.
Clamps are made in numerous shapes to meet various work-
holding needs. Common types of clamps are the C-clamp, the
parallel clamp, the machine strap clamp, the bent-tail
machine clamp, the U-clamp, and the finger machine clamp
(Figure 4-25).
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Figure 4-25. Work holding devices.

\_ ANGLE VISE J
Figure 4-24. Types of vises.
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V-BLOCKS

V-blocks are precision made blocks with special slots made
to anchor clamps that hold workplaces. The V-slot of the
block is designed to hold round workplaces. The V-block and
clamp set is usually used to hold and drill round stock.

ANGLE PLATES

Angle plates are made in a 900 angle with slots and bolt holes
for securing work to the table or to other work holding devices
(Figure 4-25)

T-SLOT BOLTS

These specially made bolts have a Tshaped head that is
designed to slide into the T-slots of the drilling machine’s
worktable. A heavy duty washer and nut are used with the T-
bolt to secure the work.

JIGS

Drill jigs are devices desié;ned for production drilling jobs.
The workplaces are clamped into the jig so that the holes will
be drilled in the same location on each piece. The jig may
guide the drill through a steel bushing to locate the holes
accurately.

DRILLING SUPPORT DEVICES

These devices are important to keep the workpiece parallel
while being supported above the worktable or vise surface and
to keep the drill from cutting into the holding device or
wogktable. The following two devices are the most common
used.

« Blocks are used with clamps to aid in securing and
supporting the work. These blocks are usually precision
ground of hard steel for long life.

o Parallels are precision ground rectangular bars are used to
keep the workpiece parallel with the worktable when the
workpiece must be raised above the worktable surface,
such as when drilling completely through a workpiece
(Figure 4-26). Parallels come in matched sets and can be
solid or adjustable as needed.

INCORRECT CORRECT )
WORKPIECE
7 /nss
-V §Z
[ﬂ [ | B [
i W —— N m
\4 v/
PARALLEL PARALLEL
_J

Figure 4-26. Parallels being used to support a workpiece.

CUTTING FLUIDS

Cutting fluids, lubricants, and coolants are used in drilling
work to lubricate the chip being formed for easier removal, to
help dissipate the high heat caused by friction, to wash away
the chips, to improve the finish, and to permit greater cutting
speeds for best efficiency. In drilling work, the cutting fluid
can be sprayed, dripped, or machine J)umped onto the work
and cutting too! to cool the action and provide for maximum
tool life. Drilling, reaming, and tapping of various materials
can he improved by using the proper cutting fluids (see Tablg

in Appendix A). Cutting fluids can be produced from

animal, vegetable, or mineral oils. Some cutting fluids are
very versatile and can be used for any operation, while other
cuttllng fluids are specially designed for only one particular
metal.

LAYING OUT AND MOUNTING WORK

LAYING OUT WORK

Laying out work for drilling consists of locating and
marking the exact centers of the holes to be drilled. The
accuracy of the finished workpiece depends, in most part, on
the accuracy of the layout. If the work does not require
extreme accuracy, then laying out may be a simple operation,

such as scribing two ntersecting lines and center ﬁ_unching for
drilling(Figure 4-27)] For a precise layout, to within a

4-14

few thousandths of an inch, precision layout procedures must
be followed. Precision tools, such as a surface plate, surface
gage, calipers, and sharp scribes must be used. The workpiece
should be cleaned and deburred before applying layout dye.



LAYING OUT HOLE CENTERS

The position of the center of the hole to be drilled is marked
by scribing two or more lines which intersect at the hole
center. This intersecting point is then marked lightly with a
prick punch and hammer. Check to see that the punch mark is
exactly at the center of the intersection; use a magnifying

lass if necessary. Use a pair of dividers, set to the radius of
the hole to be drilled, to scribe a circle on the workpiece. The
prick punch is then used to mark small indentations, known as
“witness marks,” on the circumference (Figure 4-27). This
comﬁlete_s marking the circle.  If a check is needed, have
another circle scribed outside of the original circle, which can
be checked for alignment after drilling (Figure 4-27).

Center-Punching the Layout

When all scribing is finished, enlarge the prick punch mark
with a center punch to aid the center drilling process.
Enlarging the mark with a center punch allows the center drill
point to enter the workpiece easier and cut smoother.

Layout of Multiple Holes

When more than one hole must be drilled, lay out the holes
along a common reference line, then put in the intersecting
lines and scribe the circles. Throughout the layout process,
avoid making the layout lines too heavy. Use lines as thin as
possible, and avoid any scratches or other marks on the
surface to be drilled.
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MOUNTING WORKPIECES

Before attemptinﬂ to use a drilling machine, some provision
must be made for holding the workpiece rigidly and securely
in place. The workpiece should always be firmly fastened to
the table or base to produce holes that are located accurately.
Use work holding devices to hold the workpiec
and The two best methods to mount workplaces are
explained below.

Vise Mounting

Most hand-feed drilling machines have no means of
clamping or bolting workplaces to the table or base. The
workpiece must be secured tightlﬁ/ in a machine table vise and
swung around so that the tail of the vise contacts the column of
the drill press. The hole must be centered by hand so that the
center drill point is directly over the centerpunched mark.
Other larger drilling machines have slotted tables and bases so
that the work and work holding devices can be bolted or
clamped firmI}/. All work should be securely clami)ed or set
against a stop for all drilling to avoid letting the drill grab and
damage the workpiece or injure the machine operator.

Table or Base Mounting

When a workpiece is table or base mounted: iFiéure 4-28j|
the strap clamps must be as parallel to the table or base as
possible. All bolts and strap clamps should be as short as

possible for rigidity and to provide for drilling clearance
Figure 4-29

A. CENTER PUNCH MARK AT
INTERSECTION OF SCRIBED
\ LINES.

8. SCRIBE CIRCLE SAME SIZE AS
HOLE TO BE DRILLED AND
PUNCH WITNESS MARKS.

C. SCRIBE SECOND CIRCLE TO
PERMIT CHECKING OF LAYOUT
AFTER DRILLING HOLE. y

Figure 4-27. Use of “witnessess marks.”
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Parallel bars should be set close together to keep from bending
the work. Washers and nuts should be in excellent condition.
The slots and ways of the table, base, or vise must be free of
all dirt and chips. All work holding devices should be free of
burrs and wiped clean of oil and grease. Work holding
devices should be the right size for the job. Devices that are
too big or too small for the job are dangerous and must be

avoided.
.
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Figure 4-29. Correct and incorrect clamp applications.
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GENERAL DRILLING OPERATIONS

THE DRILLING PROCESS

After a workpiece is laid out and properly mounted, the
drilling process can begin. The drilling process, or complete
operation, involves selecting the proper twist drill or cutter for
the job, properly installing the drill'into the machine spindle,
setting the speed and feed, starting the hole on center, and
drilling the hole to specifications within the prescribed
tolerance. Tolerance is the allowable deviation from standard
size. The drilling process must have some provisions for
tolerance because of the oversizing that naturally occurs in
drilling.  Drilled holes are always slightly oversized, or
slightly larger than the diameter of the drill’s original
designation. For instance, a I/4-inch twist drill will produce a
we thr?t may be several thousandths of an inch larger than

-inch.

Oversizing is due to several factors that affect the drilling
process: the actual size of the twist drill, the accuracy of the
drill point, the accuracy of the machine chuck and sleeve, the
accuracy and rigidity of the drilling machine spindle, the
rigidity of the entire drilling machine, and the rigidity of the
workpiece and setup. Field and maintenance shop drilling
operations allow for some tolerance, but oversizing must be
kept to the minimum by the machine operator.

Selecting the Drill

Selecting the proper twist drill means getting the right tool
for the job (see in Appendix A()J. The material to be
drilled, the size of that material, and the size of the drilled hole
must all be considered when selectin(r; the drill. Also, the drill
must have the proper lip angles and lip clearances for the job.
The drill must be clean and free of any burrs or chips. The
shank of the drill must also be clean and free of burrs to fit
into the chuck. Most drills wear on the outer edges and on the
chisel point, so these areas must be checked, and resharpened
if needed, before drilling can begin. If the twist drill appears
to be excessively worn, replace it.

Installing the Drill

Before installing the drill into the drilling machine spindle,
clean the spindle socket and drill shank of all dirt, chips, and
burrs. Use a small tile inside the socket to remove any tough
burrs. Slip the tang of the drill or geared drill chuck into the
sleeve and align the tang into the keyway slot (Figure 4-30).

Tap the end of the drill lightly with a soft hammer to seat
firmly. Another method used to seat the drill into the sleeve is
to place a block of wood on the machine table and force the
drill down onto the block.
a8 )
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- DRILL CHUCK SLOT
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. J
Figure 4-30. Installing a taper shank driil.

Selecting Drill Speed

Speed refers to the revolutions per minute (RPM) of the
drilling machine spindle.  For drilling, the spindle should
rotate at a set speed that is selected for the material being
drilled. Correct speeds are essential for satisfactory drilling.
The speed at which a drill turns and cuts is called the
peripheral speed. Peripheral speed is the speed of a drill at its
circumference expressed in surface feet per minute (SFPM).
This speed is related to the distance a drill would travel if
rolled on its side. For example, a perif)heral speed of 30 feet
per minute means the drill would roll 30 feet in 1 minute if
rolled on its side.

It has been determined through experience and experiment
that various metals machine best at certain speeds; this best

speed for any given metal is what is known as its cutting
speed (CS) (see| Table 4-2) in Appendix A. If the cutting speed
of a material is known, then a simple formula can be used to
find the recommended RPM of the twist drill.
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The slower of the two recommended speeds is used for the
following formulas due to the varying conditions that may
exist, such as the rigidity of the setup, the size of the drilling
machine, and the quality of finish.

RPM = CSx4
D

Where RPM = drill speed in revolutions per minute.

CS = Recommended cutting speed in surface feet per
minute.

4= A constant in all calculations for RPM (except
metric).

D = The diameter of the drill itself.

For example, if a 1/2-inch (0.500-inch) twist drill is to cut
aluminum, the formula would be setup as follows:

RPM = 200 X4 = 800 =1600 RPM
500 500

Thus, the drilling machine would be set up to drill as close
to 1,600 RPM as possible. It is best to use the machine speed
that is closest to the recommended RPM.  When using the
metric system of measurement, a different formula must be
used to find RPM:

RPM = CS (m) x 320
D (mm)
Where RPM = Drill speed in revolutions per minute.

CS = Recommended cutting speed in surface
meters per minute.

320 = A constant for all metric RPM calculations.
D = Diameter of the twist drill in millimeters.
For example, if a 15-mm twist drill is to cut medium-carbon
steel, with a recommended cutting speed of 21.4 meters per
minute, the formula would be set up as follows;

RPM= 21.4 x320 = 6848

15 15
RPM = 21.4 x320 = 6.848 = 456.533 RPM
5 15 or457 RPM

Round this RPM up or down to the nearest machine speed.
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The speeds on these tables are just recommendations and can
be adjusted lower if needed, or to higher speeds if conditions
permit.

SELECTING DRILL FEED

Feed is the distance a drill travels into the workpiece
during each revolution of the spindle. It is expressed in
thousandths of an inch or in millimeters. Hand-feed drilling
machines have the feed regulated by the hand pressure of the
operator; thus, the skill of the operator will determine the best
feeds for drilling. Power feed drilling machines have the
ability to feed the drill into the work at a preset depth of cut
per spindle revolution, so the best feeding rate can be
determined (see(Table 4-4 in Appendix A).

The selection of the best feed depends upon the size of the
drill, the material to be drilled, and the condition of the
drilling machine. Feed should increase as the size of the drill
increases. After starting the drill into the workpiece by hand,
a lever on the power-feed drilling machine can be activated,
which will then feed the drill into the work until stoprped or
disengaged. Too much feed will cause the drill to split; too
little feed will cause chatter, dull the drill, and possibly harden
the workpiece so it becomes more difficult to drill. Drills 1/2
inch or smaller can generally be hand-fed, while the larger
1glroills require more downward torque and should be power-
ed.

ALIGNING AND STARTING HOLES

To start a twist drill into the workpiece, the point of the
drill must be aligned with the center-punched mark on the
workpiece. Some drilling operations may not require a precise
alignment of the drill to the work, so alignment can be done
by lining up the drill by hand and eye alone. If a greater
precision in centering alignment is rec1uired, than more
preparation is needed before starting to drill.

STARTING HOLES WITH CENTER DRILL

The best method to align and start a hole is to use the
combination countersink and drill, known as the center drill
Figure 4-31)| Set the drillinﬂ machine speed for the diameter
of the Tip of the center drill, start the machine, and gently
lower the center drill into contact with the work, using hand
and eye coordination. The revolving center drill will find the
center punched mark on the workpiece and properly align the
hole for drilling. The depth of the center-drilled hole should
be no deeper than two third the length of the tapered portion
of the center drill.



DRAWING A DRILL BACK ON CENTER

Often, the drill will not be on center, sometimes due to a
poorly made center-punched mark or a hard spot on the
metal. To draw the twist drill back to the position desired
(Figure 4-3 1), a sharp chisel is used to make one or more
nicks or grooves on the side toward which the drill is to be
drawn. The chisel marks will draw the drill over because of
the tendency of the drill to follow the line of least resistance.
After the chisel mark is made, the drill is again hand-fed into
the work and checked for beinﬁ on center. This operation
must be completed before the drill point has enlarged the hole
to full diameter or the surface of the workpiece will be marred
by a double hole impression.
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DRILLING

After the drill has been aligned and the hole started, then
insert the proper size drill (Figure 4-32) and continue drilling
into the workpiece (Figure 4-33), while applying cutting
fluid. The cutting fluid to use will depend on what material is
being machined (see|Table 4-3 in Appendix A). Use the
cutting fluids freely.
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Figure 4-31. meir;é a drill back on center.

Figure 4-33. Drilling a workpiece.
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Drilling Deep Holes

If the depth of the hole being drilled is greater than four
times the diameter of the drill, remove the drill from the
workpiece at frequent intervals to clean the chips from the
flutes of the drill and the hole being drilled. A slight
increasing speed and decrease in feed is often used to give the
chips a greater freedom of movement. In deep hole drilling,
the flutes of the smaller drills will clog up very quickly and
cause the drill to drag in the hole, causing the diameter of the
hole to become larger than the drill diameter. The larger drills
have larger flutes which carry away chips easier.

When the depth of the hole being drilled is four times the
diameter of the drill itself, remove the drill at frequent
intervals and clean the chips from the flutes of the drill and
from the hole being drilled.

Drilling a Pilot Hole

As the drill size increases, both the size of the web and the
width of the chisel edge increase (Figure 4-34). The chisel
edge of drill does not have a sharp cuttin? action, scraping
rather than cutting occurs. In larger drills, this creates a
considerable strain on the machine. To eliminate this strain
when drilling a large hole, a pilot hole is drilled first (Figure
4-34) and then followed with the larger drill. A drill whose
diameter is wider than the web thickness of the large drill is
used for the pilot hole. This hole should be drilled accurately
as the larger drill will follow the small hole.

WEB

—
S~

7

Figure 4-34. Using a pilot drill.
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A pilot drill can also be used when average-sized . holes are
to be drilled on small drilling machines. The small machine
may not have enough power to drive the larger drill through
the metal. Avoid making the pilot drilled hole much wider
than the web of the larger drill. Too wide of a pilot drilled
hole may cause the larger drill cutting lips to grab and snag
which may cause excessive chatter or an out-of-round hole.

Drilling Thin Material

When drilling thin workpieces, such as sheet metal, place
another piece of metal or wood under the workpiece to
provide support and prevent bending the workpiece or ruining
trr:e h0t|1e due to the upthrust created when the drill breaks
through.

If thin metal must be drilled and a support cannot be rigged
under the thin metal, then a drill designed for thin metal, such
as a low helix drill with zero rake angle, commonly called a
sheet metal drill, must be used.

Using a Depth Stop

The depth stop mechanism on the drilling machine (Figure
4-35) should be used whenever driIIinF to a desired depth, and
to prevent the twist drill from traveling too far after cutting
through the workpiece. The depth stop is designed to be used
whenever a number of holes of the same depth are to be
drilled, or when drilling holes deep into the workpiece (blind
holes). Make sure that drills are chucked tightly to avoid
slipping and changing the depth setting. Most depth stops
have away to measure the distance that the drill travels. Some
may have a fractional gage on the depth stop rod, and some
may have a micrometer dial located on the depth stop for very
precise measurements.

Figure 4-35. Depth stop mechanism.




Checking the Depth of Drilled Holes

To accurately check the depth of a drilled hole, the length of
the sides of the hole must be measured. Do not measure from
the bottom point of the hole (Figure 4-36). A thin depth gage
is inserted into the hole, along the side, and the measurement
taken. If the hole is too smal?for the gage to fit down into it
then a twist drill of the same size as the hole can be inserted
into the hole uPside down, then removed and measured with a
rule. Clean all chips and coolant from the holes before
attempting any depth measurement.

MEASURED
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Figure 4-36. Checking the depth of drilled holes

Drilling Round Stock

When drilling shafts, rods, pipes, dowels, or other round
stock, it is important to have the center punch mark aligned
with the drill point (Figure 4-37). Use V-blocks to hold the
round stock for center punching and drilling. Align the center
of the round stock with a square or by lining the workpiece uE
with the twist drill point. Another method to drill round stoc
Is to use a V-block drill jig that automatically centers the work
for drilling.
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Operational Checks

After the hole is drilled to specifications, always back the
drill out of the hole and shut off the machine. Allowing a drill
to run on in the hole will cause the hole to be oversized. At
any time during the drilling process, a |problem could occur. If
50, it should be fixed as soon as possible to avoid any damage
or injury. Operators must observe the drilling machine for any
excessive vibration or wobble, overheating of the electric
motor, and unusual noises coming from the machine. A high
pitched squeal coming from the drill itself may indicate a dull
drill. A groaning or rumbling sound may indicate that the drill
is overloaded and the feed needs to be reduced. A chattering
sound may indicate an off-center drill or a poorly sharpened
drill. These or other noises could also be caused by internal
parts of the machine. Consult the operator’s manual and
correct all problems hefore attempting to continue drilling.

Figure 4-37. Centering for drilling round stock.

SPECIAL OPERATIONS ON DRILLING MACHINES

COUNTERSINKING

Countersinking? is the tapering or beveling of the end of a
hole with a conical cutter called a machine countersink. Often
a hole is slightly countersunk to guide pins which are to be
driven into the workpiece;  but more commonly,

_ ing is used to form recesses for flathead screws
Figure 4-38) and is similar to counterboring.

Types of Countersinks

Machine countersinks for machining recessed screw heads
commonly have an included angle of 82°. Another common
countersink has an included angle of 60° machining lathe
centers. Some countersinks have a pilot on the tip to guide the
countersink into the recess.  Since these pilots are not
interchangeable, these types of countersinks can be used for
only one size of hole and are not practical for field or
maintenance shops.
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Countersink Alignment

Proper alignment of the countersink and the hole to be
recessed are important. Failure to align the tool and spindle
with the axis of the hole, or failure to center the hole, will
result in an eccentric or out-of-round recess.

Figure 4-38. Countersunk hole.

Procedures for Countersinking

Good countersinking procedures require that the countersink
be run at a speed approximately one-half of the speed for the
same size drill. Feed should be light, but not too light to cause
chatter. A proper cutting fluid should be used to produce a
smooth finish. Rough countersinking is caused by too much
speed, dull tools, failure to securely hold the work, or
inaccurate feed. The depth stop mechanism should be used
when countersinking to ensure the recess will allow the
flathead screw to be flush with the surface (Figure 4-39).

Figure 4-39. Proper and improper countersinking.

COUNTERBORING AND SPOT FACING

Counterboring is the process of using a counterbore to
enlarge the upper end of a hole to a predetermined depth and
machine a square shoulder at that depth (Fi?ure 4-40).
Spot facing is the smoothing off and squaring of a rough or
curved surface around a hole to permit level seating of
washers, nuts, or bolt heads (Figure 4-40). Counterbored holes
are primarily used to recess socket head cap screws and
similar bolt heads sli%)htly below the surface. Both
counterboring and spottacing can be accomplished with
standard counterbore cutters.
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Counterbore cutters have a pilot to guide the counterbore
accurately into the hole to be enlarged. If a counterbore is
used without a pilot, then the counterbore flutes will not stay
in one spot, but will wander away from the desired hole. The
shank of counterbores can be straight or tapered. The pilots of
counterbores can be interchangeable with one another so that
many hole combinations can be accomplished.

COUNTERBORED HOLE

SPOT FACED HOLE

| NOT ‘ SPOTFACED

SPOTFACED
Figure 4-40. Counterboring and spot facing.

Counterboring

When counterboring, mount the tool into the drill chuck and
set the depth stoE ‘mechanism for the required depth of
shoulder cut. Set the speed to approximately one-half that for
the same size of twist drill. Compute for the actual cutter size



and not the shank size when figuring speed. Mount the
workpiece firmly to the table or vise. Align the workpiece on
the center axis of the counterbore by fitting the pilot into the
drilled hole. The pilot should fit with a sliding motion inside
the hole. If the pilot fits too tightly, then the pilot could be
broken off when attempting to counterbore. If the pilot fits too
loosely, the tool could wander inside the hole, causing chatter
marks and making the hole out of round.

Feeds for counterboring are generally 0.002 to 0.005 inch
per revolution, but the condition of the tool and the type of
metal will affect the cutting operation. Slow the speed and
feed if needed. The pilot must be lubricated with lubricating
oil during counterboring to prevent the pilot seizing into the
work. Use an appropriate cutting fluid if the material being cut
requires it. Use hand feed to start and accomplish
counterboring operations. Power feed counterboring is used
mainly for production shops.

Spot Facing

Spot facing is basically the same as counterboring, using the
same tool, speed, feed, and lubricant. The operation of spot
facing is slightly different in that the spot facing is usually
done above a surface or on a curved surface. Rough surfaces,
castings, and curved surfaces are not at right angles the cutting
tool causin% great strain on the pilot and counterbore which
can lead to broken tools. Care must be taken when starting the
spot facing cut to avoid too much feed. If the tool grabs the
workpiece because of too much feed, the cutter may break or
the workpiece may he dama%ed. Ensure that the work is
securely mounted and that all backlash is removed from
drilling machine spindle.

TAPPING

Tap[)ing is cutting a thread in a drilled hole. Tapping is
accomplished on the drilling machine by selecting and drilling
the tap drill size (see Table 4-4 in A%)endix A), then using the
drilling machine chuck to hold and align the tap while it is
turned by hand. The drilling machine is not a tapping
machine, so it should not be used to power tap. To avoid
breaking taps, ensure the tap aligns with the center axis of the
hole, keep tap flutes clean to avoid jamming, and clean chips
out of the hottom of the hole before attempting to tap.

Tapping Large Holes

One method of hand tapping is to mount an adjustable tap
and reamer wrench on the square shank of the tap and install a
pointed tool with a center in the drilling machine spindle
(Figure 4-41). The tap is placed in the drilled hole and the
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tool’s center point is placed in the center hole. The tap is held
steady, without forcing, by keeping light pressure on it with
the hand feed lever of the drilling machine, while turning the
wrench and causing the tap to cut into the hole.

]

TAP WRENCH

TAP

Figure 4-41. Tapping with an upright drilling machine.
Tapping Small Holes

Another method of hand tapping, without power, is to
connect the tap directly into the geared drill chuck of the
drilling machine and then turn the drill chuck by hand, while
aﬁplyin%light pressure on the taﬁ with the hand feed lever.
This method works well on small hand-feed drilling machines
when using taps smaller than 1/2-inch diameter.

REAMING

Reaming a drilled hole is another operation that can be
performed on a drilling machine. It is difficult, if not
Impossible, to drill a hole to an exact standard diameter. When
great accuracy is required, the holes are first drilled slightly
undersized and then reamed to size|(Figure 4-42)| Reaming
can be done on a drilling machine by usinga hand reamer or
using a machine reamer [Figure 4-43). When you must drill
and ream a hole, it is best 1T the Setup is not changed. For
examBIe, drill the hole (slightly undersized) and then ream the
hole before moving to another hole. This method will ensure
that the reamer is accurately aligned over the hole. If a
previously drilled hole must be reamed, it must be accurately
realigned under the machine spindle. Most hand and machine
reamers have a slight chamfer at the tip to aid in alignment
and starting (Figure 4-43)
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REAMER AT START
OF CUT

REAMER
CUTTING

L LA

MATERIAL REAMED
FROM HOLE
(ENLARGED TO SHOW
CUTTING EDGE)
Figure 4-42. Reaming operations.

Hand Reamers

Solid hand reamers should be used when a greater accuracy
in hole size is required. The cutting action of a hand reamer is
performed on the taper (approximately 0.015 per inch%which
extends 3/8- to 1/2- inch above the chamfer. This slignt taper
limits the stock allowance, or metal to be removed by the
reamer, from 0.001- to 0.003-inch depending on the size of
the reamer. The chamfer aids in aligning and starting the tool,
and reamers usuall?/ have straight shanks and a square end to
fit into an adjustable tap and reamer wrench. A hand reamer
should never be chucked into a machine spindle for power
reaming. A center may be installed in the drilling machine
spindle to align and center the hand reamer. As the reamer is
turned by hand into the hole, only a slight pressure is apﬁlied
to the hand feed lever to keep the center in contact with the
reamer and maintain accuracy in alignment.

[ =
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HAND REAMER

-
-
—

MACHINE REAMER

Figure 4-43. Hand and machine reamers.

Machine Reamer

Machine reamers can generally be expected to produce good
clean holes if used properly. The cutting action of a

4-24

machine reamer is performed on the chamfer and it will
remove small amounts of material. The allowance for machine
reamers is generally 1/64 inch for reamers 1/2-inch to 1 inch
in diameter, a lesser amount for smaller holes, and greater
than 1/64-inch for holes over 1 inch. Machine reamers for use
on drilling machines or lathes have taper shanks to fit the
machine spindle or straight shanks for inserting into a drill
chuck. A reamer must run straight and true to produce a
smooth finish. The proper cutting tluid for the metal being cut
should be used. ~ Generally, the speed used for machine
reaming would be approximately one-half that used for the
same size drill.

Reaming Operations

Reamer cutting edges should be sharp and smooth. For
accurate sizes, check each reamer with a micrometer prior to
use. Never start a reamer on an uneven or rough surface, and
never rotate a reamer backwards. Continue to rotate the
reamer clockwise, even while withdrawing from the hole. Use
just enough feed pressure to keep the reamer feeding into the
work. Excessive feed may cause the reamer to dig in and
break or grab the workpiece and wrench it from the vise.

BORING

Occasionally a straight and smooth hole is needed which is
too large or odd sized for drills or reamers. A boring tool can
be inserted into the drilling machine and bore any size hole
into which the tool holder will fit. A boring bar with a tool bit
installed is used for boring on the larger drilling machines. To
bore accurately, the setup must be rigid, machine must be
sturdy, and power feed must be used. Boring is not
recommended for hand-feed drilling machines. Hand feed is
not smooth enough for boring and can be dangerous. The tool
bit could catch the workpiece and throw it back at the
operator. First, secure the work and drill a hole for the boring
bar. Then, insert the boring bar without changing the setup.
Use a dial indicator to set the size of bored hole desired by
adjusting the tool bit in the boring tool holder; then, set the
machine speed and feed. The speed is set at the speed
recommended for drilling a hole of the same size. Feed should
be light, such as 0.005 to 0.010 inch per revolution. Start the
machine and take a light cut. Check the size of the hole and
make necessary adjustments. Continue boring with a more
rough cut, followed by a smoother finishing cut. ~ When
finished, check the hole with an internal measuring device
befo_redchanging the setup in case any additional cuts are
required.
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Chapter 5

GRINDING MACHINES

Grinding is the ﬁrocess of removing metal by the application
of abrasives which are bonded to form a rotating wheel. When
the moving abrasive particles contact the workpiece, they act
as tiny cutting tools, each particle cutting a tiny chip from the
workpiece. It is a common error to believe that grinding
abrasive wheels remove material by a rubbin? action; actually,
the process is as much a cutting action as drilling, milling, and
lathe turning.

The grinding machine supports and rotates the grinding
abrasive wheel and often supports and positions the workpiece
in proper relation to the wheel.

The grinding machine is used for roughing and finishing flat,
cylindrical, and conical surfaces; finishing internal cylinders
or bores; forming and sharpening cutting tools; snagging or
removing rough projections from castings and stampings; and
cleaning, polishing, and buffing surfaces. Once strictly a
finishing machine, modem production grinding machines are
usedk for complete roughing and finishing of certain classes of
work.

Grinding machines have some special safety precautions
that must be observed. These are in addition to those safety
precautions described |n|Cha§ter 1

SAFETY PRECAUTIONS

GRINDING MACHINE SAFETY

Grinding machines are used daily in a machine shop. To
avoid injuries follow the safety precautions listed below.

o Wear goggles for all grinding machine operations.

o Check grinding wheels for cracks (Ring Test|Figure 5-11)

before mounting.

Never operate grinding wheels at speeds in excess of the
recommended speed.

«  Never adjust the workpiece or work mounting devices
when the machine is operating

« Do not exceed recommended depth of cut for the grinding
wheel or machine.

o Remove workpiece from grinding wheel before turning
machine off.

e Use proper wheel guards on all grinding machines.

o On bench grinders, adjust tool rest 1/16 to 1/8 inch from
the wheel,
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TYPES OF GRINDING MACHINES

From the simplest grinding machine to the most complex,
grinding machines can be classified as utility grinding
machines, cylindrical grinding machines. and surface
grinding machines. The average machinist will be concerned
mostly with floor-mounted and bench-mounted utility
grinding machines, bufting machines. and reciprocating
surface grinding machines.

UTILITY GRINDING MACHINES

The utility grinding machine is intended for offhand
grinding where the workpiece is supported in the hand and
brought to bear against the rotating grinding abrasive wheel.
The accuracy of this type of grinding machine depends on the
operator’s dexterity. skill, and knowledge of the machine’s
capabilities and the nature of the work. The utility grinding
machine consists of a horizontally mounted motor with a
ghri?ding abrasive wheel attached to each end of the motor
shaft,

The electric-motor-driven machine is simple and
common. It may be bench-mounted or floor-mounted.
Generally, the condition and design of the shaft bearings as
well as the motor rating determine the wheel size capacity of
the machine. Suitable wheel guards and tool rests are
provided for safety and ease of operation. Grinding machines
come in various sizes and shapes as listed below.

Floor Mounted Utility Grinding Machine

The typical floor-mounted utility grinding machine stands
waist-high and is secured to the floor by bolts. The floor-
mounted utility grinding machine shown in Figure 5-1
mounts two 12-inch-diameter by 2-inch-wide grinding
abrasive wheels. The two wheel arrangement permits
installing a coarse grain wheel for roughing purposes on one
end of the shaft and a fine grain wheel for finishing purposes
on the other end this saves the time that would be otherwise
consumed in changing wheels.

Each grinding abrasive wheel is covered by a wheel guard
to increase the safety of the machine. Transparent eyeshields.
spark arresters. and adjustable tool rests are provided for each
grinding wheel. A tool tray and a water pan are mounted on
the side of the base or pedestal. The water pan is used for
quenching carbon steel cutting took as they are being ground.
Using the 12-inch wheel, the machine provides a maximum
cutting speed of approximately 5.500 SFPM. The 2-HP
e1Ie7cE_)t6|cR g}\c/)ltor driving this machine has a maximum speed of
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ADJUSTABLE
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TOOL TRAY

Figure 5-1. Floor-mounted utility grinding machine.
Bench Type Utility Grinding Machine

Like the floor mounted utility grinding machine, one coarse
grinding wheel and one fine grinding wheel are usually
mounted on the machine for convenience of operation. Each
wheel is provided with an adjustable table tool rest and an eye
shield for protection. On this machine, the motor is equipped
with a thermal over-load switch to stop the motor if excessive
wheel pressure is applied thus preventing the burning out of
the motor. The motor revolve at 3.450 RPM maximum to
provide a maximum cutting speed for the 7 inch grinding
wheels of about 6,300 surface feet per minute (SFPM).

GRINDING GRINDING ABRASIVE Y
ABRASIVE WHEEL
WHEEL (FINE GRAIN)

EYESHIELDS

ADJUSTABLE
TOOL REST

\.

Figure 5-2. Bench-type utility grinding machine.




Bench-Type Utility Drill Grinding Machine

The bench-type drill grinding machine is intended for drill
sharpening. The accuracy of this type of grinder is not
dependent on the dexterity and skill of the operator because
the drill is placed in a holding device. The holding device
places the drill in the correct position for the clearance and
Included angle. For more information on this machine refer to

Bench-Type Utility Grinding and Buffing
Machine

The bench-type utility grinding and buffing machine is more
suitable for miscellaneous ?rindmg, cleaning, and buffing It is
not recommended for tool grinding since It contains no tool
rests, eyeshields, or wheel guards. This machine normally
mounts a 4 inch-diameter wire wheel on one end. The wire
wheel is used for cleaning and the abrasive wheel is used for
general grinding. One of the two wheels can be removed and a
buffing wheel mounted in its place for buffing and polishing.
The 1/4-HP electric motor revolves at a maximum of 3,450
RPM. The maximum cutting sgeed of the 4-inch-diameter
wheel is approximately 3,600 SFPM.

r
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Figure 5-3. Bench type utility grinding and buffing machine

Bench-Type Tool and Cutter Grinder

The bench-type tool and cutter grinder, see Figure 5-4, was
designed primarily to grind end mills. It can also grind a large
variety of small wood and steel cutters as well as slitting saw
cutters up to 12 inches in diameter using the saw grinding
attachment. Capacity of the typical bench-type tool and cutter
grinder is as follows:
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Grinding wheel travel - 71/2-inch vertical.
Grinding wheel travel - 5 1/2-inch horizontal.
- Table travel - 6 inches.
Slitting saws with attachment - 12-inch diameter.
- Distance between centers - 14 inches.
« Swing on centers (diameter) - 4 /2-inch diameter.

«  Swing in work head (diameter) - 4 1/2-inch diameter.
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Figure 5-4. Bench-type tool and cutter grinder.

Nonspecialized cylindrical grindinP machines in the Army
maintenance system include the tool post grinding machine
and the versa mil attachment.

Tool Post Grinding Machine

The tool post grinding machine, seg| Figure 5-5 is a
machine tool attachment designed to mount fo the ool post of
engine lathes. It is used for internal and external grinding of

cylindrical workplaces. Refer to[Chapter 7 for a description
of this machine.
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§

SPINDLE

MOTOR

CLAMP WHEEL

Figure 5-5. Tool post grinding machine.
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Milling and Grinding Lathe Attachment

Also called a Versa-Mil this attachment is a versatile
machine tool attachment that mounts to the carriage of a lathe.
It performs internal and external cylindrical grinding among
its oﬁher functions. Refer to| Chapter g for a description of this
machine.

SURFACE GRINDING MACHINE

The surface grinding machine is used for grinding flat
surfaces. The workpiece is supported on a rectangular table
which moves back and forth and reciprocates beneath the
grinding wheel. Reciprocating surface grinding machines
generally have horizontal wheel spindles and mount straight
or cylinder-type grinding abrasive wheels.
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Figure 5-6. Reciprocating surface grinding machine.



RECIPROCATING SURFACE GRINDING
MACHINE

The reciprocating surface grinding machine is a horizontal-
type surface grinding machine. Workpieces are fastened to the
table and can be moved beneath the grinding abrasive wheel
by hand or power feed. A magnetic chuck maybe used
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for fastening the workpiece to the table. This grinding
machine has an internal pump and piping network for
automatic application and recirculation of a coolant to the
workpiece and wheel. The grinding abrasive wheel, mounted
to the horizontal spindle is straight and cuts on its
circumferential surface only. Grinding wheel speeds are
adjustable.

GRINDING WHEELS

STANDARD TYPES OF GRINDING WHEELS

Grinding wheels come in many different sizes, shapes, and
Eblraswes c(’F|gure 5-7). Some of the various types are listed
elow.

Straight

Straight wheels, numbers 1, 5, and 7, are commonly applied
to internal, cylindrical, horizontal spindle, surface, tool, and
offhand grinding and snagging. The recesses in type
numbers.> and 7 accommodate mounting flanges. Type
number 1 wheels from 0.006-inch to 1/8-inch thick are used
for cutting off stock and slotting.

Cylinder

Cylinder wheels, type number 2, may be arranged for
grinding on either the periphery or side of the wheel.

Tapered

Tapered wheels, type number 4, take tapered safety flanges
to keep pieces from flying if the wheel is broken while

snagging.
Straight Cup
The straight cup wheel, type number 6, is used primarily for

surface grinding, but can also be used for offhand grinding of
flat surfaces. Plain or beveled faces are available.

Flaring Cup
The flaring cup wheel, type number 11, is commonly used

for tool grinding. With a resinoid bond, it is usetul for
snagging. Its face may be plain or beveled.

Dish

The chief use of the dish wheel, type number 12, is in tool
work. Its thin edge can be inserted into narrow places, and it is
convenient for %rinding the faces of form-relieved milling
cutters and broaches.

Saucer

The saucer wheel, type number 13, is also known as a saw
gummer because it is used for sharpening saws.

1

|/ ——

STRAIGHT CUP (TYPE 6)

[N -

FLARING CUP (TYPE 11)

Xar?

(A 7
STRAIGHT (TYPE 1)
V,
% %
CYLINDER (TYPE 2)

ez vz

TAPERED (TYPE 4)

a2

RECESSED ONE SIDE
(TYPE 65) DISH (TYPE 12)
kHECES?I-EYDPET?)O SIDE SAUCER (TYPE 13) J

Figure 5-7. Standard types of grinding wheels.

ABRASIVE MATERIALS

The abrasive grains are the cutting took of a grinding wheel.
They actually cut small pieces or chips off the work as the
wheel rotates. The shape of each grain is irregular with several
sharp cutting edges. When these edges grow dull, the forces
acting on the wheel tend to fracture the abrasive grains and
produce new cutting edges.
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ABRASIVES

Most grinding wheels are made of silicon carbide or
aluminum oxide, both of which are artificial (manufactured)
abrasives. Silicon carbide is extremely hard but brittle.
Aluminum oxide is slightly softer but is tougher than silicon
carbide. It dulls more quickly, but it does not fracture easily
therefore it is better suited for grinding materials of relatively
high tensile strength.

ABRASIVE GRAIN SIZE

Abrasive grains are selected according to the mesh of a sieve
through which they are sorted. For example, grain number 40
indicates that the abrasive grain Fasses through a sieve havingi
approximately 40 meshes to the linear inch. A grinding whee
is designated coarse, medium, or fine according to the size of
the individual abrasive grains making up the wheel.

BONDING MATERIAL
Bond

The abrasive particles in a grinding wheel are held in place
by the bonding agent. The percentage of bond in the wheel
determines, to a great extent, the “hardness” or “grade” of the
wheel. The greater the percenta?e and strength of the bond,
the harder the %rinding wheel will be. “Hard” wheels retain the
cutting grains longer, while “soft” wheels release the grains
quickly. If a grinding wheel is “too hard” for the job, it will
glaze because the bond prevents dulled abrasive particles from

eing released so new grains can be exposed for cutting.
Besides controlling hardness and holding the abrasive, the
bond also provides the proper safety factor at running speed. It
holds the wheel together while centrifugal force is trying to
tear it apart. The most common bonds used in grinding wheels
are vitrified, silicate, shellac, resinoid, and rubber.

Vitrified

A vast majority of grinding wheels have a vitrified bond.
Vitrified bonded wheels are unaffected by heat or cold and are
made in a greater range of hardness than any other bond. They
adapt to practically all types of grinding with one notable
exception: if the wheel is not thick enough, it does not
withstand side pressure as in the case of thin cutoff wheels.
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Silicate

Silicate bond releases the abrasive grains more readily than
vitrified bond. Silicate bonded wheels are well suited for
grinding where heat must be kept to @ minimum, such as
grinding edﬂed cutting tools. It is not suited for heavy-duty
grinding. Thin cutoff wheels are sometimes made with a
shellac bond because it provides fast cool cutting.

Resinoid

Resinoid bond is strong and flexible. It is widely used in
snagging wheels (for grinding irregularities from rough
castlngs()g, which operate at 9,500 SFPM. It is also used In
cutoff wheels.

Rubber

In rubber-bonded wheels, pure rubber is mixed with sulfur.
It is extremely flexible at operating speeds and permits the
manufacture of grinding wheels as thin as 0.006 inch for
slitting nibs. Most abrasive cutoff machine wheels have a
rubber hond.

GRADES OF HARDNESS

The grade of a grinding wheel designates the hardness of the
bonded material. Listed below are examples of those grades:

o Asoft wheel is one on which the cutting particles break
away rapidly while a hard wheel is one on which the bond
successfully opposes this breaking away of the abrasive
grain.

o Most wheels are graded according to hardness by a letter
system. Most manufacturers of grinding abrasive wheels
use a letter code ranPing from A (very soft) to Z (very
hard). Vitrified and silicate bonds usually range from very
soft to very hard, shellac and resinoid bonds usually ranﬁe
from very soft to hard, and rubber bonds are limited to the
medium to hard range.



The grade of hardness should be selected as carefully as
the grain size. A grinding abrasive wheel that is too soft
will wear away too rapidly, the abrasive grain will be
discarded from the wheel before its useful life is
realized. On the other hand, if the wheel is too hard for
the job, the abrasive particles will become dull because
the bond will not release the abrasive grain, and the
wheel’s efficiency will be impaired.
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Figure 5-8 illustrates sections of three grinding abrasive
wheels with different spacing of grains. If the grain and bond
materials in each of these are alike in size and hardness, the
wheel with the wider spacing will be softer than the wheel
with the closer grain spacing. Thus, the actual hardness of
the grinding wheel is equally dependent on grade of hardness
and spacing of the grains or structure.

GRINDING WHEEL ABRASIVE

OPEN STRUCTURE
(OPEN SPACING)

-

MEDIUM STRUCTURE
(MEDIUM SPACING)

-~ ABRASIVE GRAINS O -~ BOND MATERIAL

DENSE STRUCTURE
(CLOSE SPACING)

. -~ PORES

Figure 5-8. Grinding whee!l abrasive.

ABRASIVE WHEEL STRUCTURE

Bond strength of a grinding wheel is not wholly dependent
upon the grade of hardness but depends equally on the
structure of the wheel, that is, the spacing of the grain or its
density. The structure or spacin? Is measured in number of
grains per cubic inch of wheel volume.

MARKINGS

Every grindin? wheel is marked by the manufacturer with a
stencil or a small tag. The manufacturg orked out a
standard system of markings, shown in[Figure 5-9.

For an example use a wheel marked A36-L5-V23. The A
refers to the abrasive which is aluminum oxide. The 36
represents the grain size. The L shows the grade or degree of
hardness, which is medium. The 5 refers to the structure of the
wheel and the V refers to the bond type.
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4 N
SEQUENCE 1 2 3 4 5 6
STRUCTURE MANUFACTURERS
ABRASIVE GRAIN GRADE BOND RECORD
PREFIX TYPE SIZE TYPE
51 A 36 L 5 V 23
74 <

MANUFACTURER'S
PRIVATE MARKING
TO IDENTIFY WHEEL

{(USE OPTIONAL)

MANUFACTURER'S
SYMBOL
INDICATING EXACT
KIND OF ABRASIVE

(USE OPTIONAL)

ALUMINUM OXIDE A

DENSE TO OPEN vV_VITRIFIED
SILICON CARBIDE C . oAl 9 S SILICATE
VERY 2 10 R RUBBER
COARSE MEDIUM FINE 3 11 8 RESINOID
10 30 70 220 4 12 E SHELLAC
12 80 240 5 13 O OXYCHLORIDE
11 46 90 280 6 14
20 54 100 320 2 15
24 60 120 400 8 ETC
150 500
(USE OPTIONAL)
180 600
MEDIUM HARD

SOFT

ABCDEFGHIJKLMNOPQRSTUVWXYZ

.

Figure 5-9. Standard system of markings.
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STANDARD SHAPES OF GRINDING
WHEEL FACES

Figure 5-10 illustrates standard shaﬁes of grinding wheel
faces. The nature of the work dictates the shape of the face to
be used. For instance, shape A is commonly used for straight
cylindrical grinding and shape E for grinding threads.

SELECTION OF GRINDING WHEELS

Conditions under which grinding% wheels are used vary
considerably, and a wheel that is satistactory on one machine
may be too hard or soft for the same operation on another
machine. The following basic factors are considered when
selecting grinding wheels, though it should be understood that
the rules and conditions listed are flexible and subject to
occasional exceptions.
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Tensile Strength of Material

The tensile of material to be ground is the main factor in the
selection of the abrasive to be used. Two types of abrasives
are suited to different materials as shown below.

Silicon Carbide

Gray and chilled iron
Brass and soft bronze
Aluminum and copper
Marble and other stone
Rubber and leather

Very hard alloys
Cemented carbides
Unannealed malleable iron

7 Y

SHAPE A

Figure 5-10. Standard shapes of grinding wheel faces.

SHAPE E

7]
7

SHAPE J

\
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Aluminum Oxide

Carbon steels

Alloy steels

High speed steels
Annealed malleable iron
Wrought iron

Hard bronzes

Factors Affecting the Grain Size

Grain size to be chosen when selecting a grinding wheel
depends upon the factors described below.

«  The softer and more ductile the material, the coarser the
grain size.

» The larger the amount of stock to be removed, thecoarser
the grain size.

o The finer the finish desired, the finer the grain size.
Factors Affecting the Grade of Hardness

The factors described below will determine the proper grade
of hardness of the grinding wheel.

o The harder the material, the softer the wheel.

o The smaller the arc of contact, the harder the grade should
be. The arc of contact is the arc, measured along the
periphery of the wheel, that is in contact with the work at
any instance. It follows that the larger the grinding wheel,
the %reater the arc of contact and, therefore, a softer wheel
can be used.

« The higher the work speed with relation to the wheel
speed, the milder the grinding action and the harder the
grade should be.

o The better the condition of the grinding machine and
spindle bearings, the softer the wheel can be.

Factors Affecting the Structure

The structure or spacing of the abrasive grains of wheel
depends upon the four factors described below.

« The softer, tougher, and more ductile the material, the
wider the grain spacing.

»  The finer the finish desired, the closer, or more dens, the
grain spacing should be.
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« Surfacing operations require open structure (wide grain
spacing).

«  Cylindrical grinding and tool and cutter grinding are best
performed with wheels of medium structure ?medlum
grain spacing).

Factors Affecting Bonding Material

The factors described below affect the selection of bonding
material for the wheel desired.

» Thin cutoff wheels and other wheels subject to bending
strains require resinoid, shellac, or rubber bonds.

. SOILd wheels of very large diameters require a silicate
ond.

« Vitrified wheels are usually best for speeds up to 6,500
SFPM and resinoid, shellac, or rubber wheels are best for
speeds above 6,500 SFPM.

Resinoid, shellac, or rubber bonds are generally best
where a high finish is required.

Selection

Refer tol Table 5-1 in Appendix A for specific requirements
for typical grinding and materials (grinding wheel selection
and application).

INSPECTION OF GRINDING WHEELS

When a grinding wheel is received in the shop or removed
from storage, it should be inspected closely for damage or
cracks. Check a small wheel by suspending it on one finger or
with a piece of string. Tap it gently with a light nonmetallic
instrument, such as the handle of a screwdriver (Figure 5-11).

Figure 5-11. Checking for cracks.



Check a larger wheel by striking it with a wooden mallet. If
the wheel does not give a clear ring, discard it. All wheels do
not emit the same tone; a low tone does not necessarily mean
a cracked wheel. wheels are often filled with various resins or
greases to modify their cutting action, and resin or grease
deadens the tone. Vitrified and silicate wheels emit a clear
metallic ring. Resin, rubber, and shellac bonded wheels emit a
tone that is less clear. Regardless of the bond, the sound of a
cracked wheel is easy to identify.

MOUNTING GRINDING WHEELS

The proper mounting of a grinding wheel is very important.
An improperly mounted wheel may become potentially
dangerous at high speeds.

The specified wheel size for the particular grinding machine
to be used should not be exceeded either in wheel diameter or
in wheel width. Figure 5-12 illustrates a correctly mounted
grinding wheel. -

ﬁ j
. — GRINDING
ABRASIVE
WHEEL
NGE
INNER FLANGE OUTER FLA
FLANGE KEYED OR SPINDLE NUT
PRESSED ON
SPINDLE
WHEEL \
B S I 10011
“\\EASY FIT OF
WHEEL ON
BOTTLE OR SPINDLE
RUBBER WASHER CLEARANCE
BEARING
SURFACE
\_ .,

Figure 5-12. Correctly mounted wheel.

The following four items are methods and procedures for
mounting grinding wheels:

« Note that the wheel is mounted between two flanges
which are relieved on their inner surfaces so that they
surp])port the wheel only at their outer edges. This holds the
wheel more securely with less pressure and with less
danger of breaking. For good support, the range diameter
should be about one-third of the wheel diameter.
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» The spindle hole in the wheel should be no more than
0.002 inch larger than the diameter of the spindle, since a
loose fit will result in difficulty in centering the wheel. If
the spindle hole is oversize, select another wheel of the
proper size. If no others are available, fit a suitable
bushing over the spindle to adapt the spindle to the hole.

»  Paper blotters of the proper size usually come with The
rinding wheel. If the proper blotters are missing, cut
them from heavy blotter paper (no more than 0.025-inch
thick:? and place them between the grinding wheel and
each tlange. The blotters must be large enough to cover
the whole area of contact between the flanges and the
wheel. These blotters serve as cushions to minimize
wheel breakage.

«  When installing the grinding wheel on the wheel spindle,
tighten the spindle nut firmly, but not so. tight that undue

strain will be put on the wheel.
WHEEL DRESSERS

Grinding wheels wear unevenly under most general grinding
operations due to uneven pressure applied to the face of the
wheel when it cuts. Also, when the proper wheel has not been
used for certain operations, the wheel may become charged
with metal particles, or the abrasive grain may become dull
before it is broken loose from the wheel bond. [n these cases,
it is necessary that the wheel be dressed or trued to restore its
efficiency and accuracy.

Dressing is cutting the face of a grinding wheel to restore its
original cutting (}ualities. Truing is restoring the wheel’s
concentricity or reforming its cutting face to a desired shape.
Both operations are performed with a tool called an abrasive
wheel dresser| (Figure 5- 13).

Mechanical Dresser

The hand-held mechanical dresser has alternate pointed and
solid discs which are loosely mounted on a pin. This dresser is
used to dress coarse-grit wheels and wheels used in hand
grinding operations.

Abrasive Stick Dresser

The abrasive stick dresser comes in two shapes: square for
hand use, and round for mechanical use. It is often used
instead of the more expensive diamond dresser for dressing
shaped and form wheels. It is also used for general grinding
wheel dressing.

511



TC9-524

Abrasive Wheel Dresser

The abrasive wheel dresser is a bonded silicon carbide
wheel that is fastened to the machine table at a slight angle to
the grinding wheel and driven by contact with the wheel. This
dresser produces a smooth, clean-cutting face that leaves no
dressing marks on the work.

S

"

ABRASIVE STICK

L Ir

DIAMOND DRESSER

Figure S-13. Dressing tools.
Diamond Dresser

The diamond dresser is the most efficient for truing wheels
for predcision grinding, where accuracy and high finish are
required.

A dresser may have a single diamond or multiple diamonds
mounted in the end of a round steel shank. Inspect the
diamond point frequently for wear. It is the only usable part of
the diamond, and is worn away it cannot dress the wheel

properly.

Slant the diamond 3° to 15° in the direction of rotation and
30° to the plane of the wheel as shown in Figure 5-14 to
prevent chatter and gouging. Rotate the diamond slightly in
It's holder between dressing operations to keep it sharp. A dull
diamond will force the abrasive grains into the bond pores and
Ig@}_d the face of the wheel, reducing the wheel’s cutting
ability.
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4 \

NOTE:
If in doubt as to location of

point 1/4" for safety.

\ _J

Figure 5-14. Position of diamond dresser.

When using a diamond dresser to dress or true a grinding
wheel, the wheel should be turnin% at, or slightly less than,
normal operating speed never at the higher speed. For wet
grinding, flood the wheel with coolant when you dress or true
It. For dry grinding, the wheel should be dressed dry. The
whole dressing operation should simulate the grinding
operation as much as possible. Whenever possible, hold the
dresser bY some mechanical device. It is a good idea to round
off wheel edges with a handstone after dressing to prevent
chipping. This is especially true of a fine finishing wheel. Do
not round off the edges if the work requires sharp corners. The
E_rinding wheel usually wears more on the edges, leaving a

igh spot towards the center. When starting the dressing or
truing operation, be certain that the point of the dressing tool
touches the highest spot of the wheel first, to prevent the
point from digging in.

Feed the dresser tool point progressively, 0.001 inch at a
time, into the wheel until the sound indicates that the wheel is
Perfectly true. The rate at which you move the point across the
ace of the wheel depends upon the grain and the grade of the
wheel and the desired finish. A slow feed gives the wheel a
fine finish, but if the feed is too slow, the wheel may glaze. A
fast feed makes the wheel free cutting, but if the feed is too
fast, the dresser will leave tool marks on the wheel. The
correct feed can only be found by trial, but a uniform rate of
feed should be maintained during any one pass.



BUFFING AND POLISHING WHEELS

Buffing and polishing wheels are formed of layers of cloth
fe:]t olr leather glued or sewed together to form a flexible soft
wheel.

Buffing wheels are generally softer than polishing wheels
and are often made of bleached muslin (sheeting), flannel, or
other soft cloth materials. The material is cut in various
diameters and sewed together in sections which are put
together to make up the buffing wheel. The buffing wheel is
often slotted or perforated to provide ventilation.

Polishing wheels are made of canvas, felt, or leather sewed
or glued together to provide various wheel grades from soft to
hard. The harder or firmer wheels are ?enerally used for
heavier work while the softer and more flexible wheels are
used for delicate contour polishing and finishing of parts on
which corners and edges must be kept within rather strict
specifications.
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Buffing and polishing wheels are charged with abrasives for
operation. The canvas wheels are generally suitable for use
with medium grain abrasives, while felt, leather, and muslin
wheels are suitable for fine grain abrasives. Buffing abrasives
are usually made in the form of cakes, paste, or sticks which
are applied to the wheel in this form. Polishing abrasives are
fixed to polishing wheels with a glue.

WIRE WHEELS

A wire wheel consists of many strands of wire bound to a
hub and radiating outward from the hub in the shape of a
wheel. The wire wheel is used in place of a grinding wheel for
cleaning operations such as removal of rust or corrosion from
metal objects and for rough-polishing castings, hot-rolled
steel, and so forth. The wire wheel fastens to the wheel spindle
ofhthie grinding machine in the same manner as a grinding
whel.

LAYING OUT AND MOUNTING WORK

LAYING OUT WORK

There are no special rules for laying out work for grinding
operations. Most layout requirements will be dictated by the
specific grinding machine to be used. In many cases, the
workpiece will be turned on a lathe or machined in some other
manner before grinding. The grinding is in preparation for the
final finishing of the workpiece to the desired dimensions.

GRINDING ALLOWANCE

In planning work to be ground. the amount of metal to be
removed should be based on the capabilities of the grindin
machine. If the grinding machine is modern and In ?oo
condition, leave as much as 1/32-inch or even more on large
machine steel parts, but generally not more than I/64-inch on
small machine parts.
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Figure 5-15. Conical grinding setups.

513



TC 9-524

Cylindrical Grinding

If cylindrical grinding is to be performed, such as grinding
of workplaces mounted in the grinding may be done with the
workpiece set up between centers, held in a chuck and
supported by a center rest, or clamped to a faceplate as in lathe
setups.

MOUNTING WORKPIECES

General

Offhand grinding requires no mounting of the workpiece.
Mounting for cylindrical, surface, and tool and cutter grinding
is described below.

Mounting Workpiece for Cylindrical Grinding

Cylindrical grinding may be done with the workpiece setup
between centers, held in the chuck and supported by a center
rest, or clamped to the faceplate as in lathe setups.

Use the following methods when mounting the workpiece
between centers:

« Use a dead center in the tailstock spindle. This method is
preferred because it eliminates any error caused by wear
in the machine’s Ejoindle bearings. Before grinding check
the accuracy and alignment of centers and correct if
necessary.

« To grind the centers, follow the procedures for grinding

lathe centers in[Chapter 7]

«  After the centers are accurate, align the centers by one of
the methods prescribed for aligning lathe centers.

« Position the workpiece between the centers, and use a
lathe dog to revolve the workpiece.

Use the following methods and procedures when mounting
the workpiece for concial grinding.

«  Workpieces for conical grinding can be set up in a chuck
or between centers.

o Thetable is swiveled to the required ans of
the graduations on the end of the tablg (Figure 5-15).

5-14

« Since the table on a universal grinder is limited as to the
degree that it can be swiveled, steep conical taﬁers are

normally ground by swiveling the headstock to the angle
of the taper desired| (Figure 5-15)]

» Remember when a workpiece is to be conically ground,
the workpiece axis and the grinding wheel axis must be at
the same height. Otherwise, the workpiece will not be
ground at the correct angle.

Workpiece Mounted for Internal Grinding

Listed below are the proper procedures and methods to
perform internal grinding.

Internal grinding is done with the universal tool and cutter
grinder with an internal grinding attachment éFigure 5-16).
Note that the belt and pulleys are exposed; during actual
operation, this area should be covered with a guard. Since
internal grinding uses small grinding wheels, the spindle and
quill must operate at a high speed to get the required SFPM.
Most internal grinding attachments come with several sizes of
quills. Use the largest one possible for the hole being ground.
The smaller quills tend to spring away from the work easily
and produce tapers and irregularities.

(" INTERNAL GRINDING  WHEEL HEAD SPINDLE
 ATTACHMENT
LARGE
PULLEY
ELT

HEADSTOCK WHEEL

CHUCK WORK 0

y /

g

WHEEL

ATTACHMENT SMALL PULLEY
QUILL

Figure 5-16. Internal grinding setup.
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One condition that is more pronounced in internal grinding
than in external grinding is that the Iargier area of contact may
cause the wheel to load and glaze quickly which in turn causes
vibration and produces poor surface finishes. Therefore, it is
important to pay particular attention to the condition of the
wheel and to use either a coarser grain wheel to provide more
chip clearance or a softer grade wheel that will break down
more easi{y. During grinding, let the %rinding_wheel run out of
the end of the hole for at least one-half the width of the wheel
face but not more than two-thirds. If the wheel clears the work
each time the table reciprocates, it will grind bell-mouthed
hole because of spring in the quill.

Internal conical tapers can also be ground on a universal
grinding machine, using a combination of the rules for
external conical grinding and those for straight internal
grinding. The main thing to remember is to be sure that the
axis of the quill is at center height with the axis of the work.

Mounting Workpiece for Surface Grinding

A workpiece for surface grinding is usually held to the

recg)_rocati_ng worktable by a magnetic chuck. It may also be
held in a vise or clamped directly to the table.

GENERAL GRINDING
GENERAL

Efficient grinding depends primarily Uﬁon the proper setup
of the machine being used. If the machine is not securely
mounted, vibration will result, causing the grinder to produce
an irregular surface. Improper alignment affects grindin
accuracy, and it is good practice to check the security an
plumb of the machine every few months. It is advisable to
?Iace a strip of cushioning material under the mounting
langes, along with any necessary aligning shims, to help
absorb vibration.

When a grinding wheel is functioning properly, the abrasive
grains cut very small chips from the workpiece and at the
same time a portion of the bond of the wheel I1s worn away. As
long as the bond is being worn away as fast as the abrasive
grains of the wheel become dull, the wheel will continue to
work well. If the bond is worn away too rapidly, the wheel is
too soft and will not last as long as it should. If the cuttin%
grains wear down faster than the bond, the face of the whee
becomes glazed and the wheel will not cut freely.
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The two types of magnetic chucks are permanent magnet
and electric. The electric chucks are built in larger sizes and
are more powerful. However, the permanent-magnet chucks
are less dangerous, since accidental release of work (due to
power failure) is not likely to occur.

Mounting Workpiece for Tool and Cutter
Grinding

Listed below are methods for mounting workplaces when
using the tool and cutter grinder:

» A workpiece for tool and cutter grinding is usually held
between centers or on a fixture clamped to the table.

« The workpiece is mounted in the same manner as for
cylindrical grinding, except the lathe dog if not used.

o When a fixture is used, the workpiece is placed in the
fixture and the fixture is clamped to the table.

OPERATIONS

CLASSES OF GRINDING

Precision and semiprecision grinding may be divided into
the following classes:

Cylindrical Grinding
Cylindrical ?rindingi_den_otes the g_rinding of a cylindrical
surface. Usually, “Cylindrical grinding” refers to external
cylindrical grinding and the term “internal grinding” is used

for internal cylindrical grinding. Another form of cylindrical
grinding is conical grinding or grinding tapered workpieces.

Surface Grinding
Surface grinding is the grinding of simple plain surfaces.
Tool and Cutter Grinding

Tool and cutter grinding is the generally complex operation
of forming and resharpening the cutting edges of tool and
cutter bits, gages, milling cutters, reamers, and so forth.
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The grinding wheel for any grinding operation should be
carefully chosen and the workpiece set up properly in the
grinding machine. Grinding speeds and feeds should be
selected for the particular job. Whenever practical, a coolant
should be applied to the point of contact of the wheel and the
workpiece to keep the wheel and workpiece cool, to wash
away the loose abrasive, and to produce a better finish.

GRINDING SPEEDS AND FEEDS

In grinding, the speed of the grinding wheel in SFPM and
the feed of the grinding wheel are as important as, and
sometimes more important than, proper wheel selection.
Occasionally, the grinder spindle should be checked with a
tachometer to make sure it is running at its specified RPM.
Too slow a speed will result in waste of abrasive, whereas an
excessive speed will cause a hard grinding action and glaze
the wheel, making the grinding inefficient. The feed of the
grinding wheel will determine to a cetain extent the finish
produced on the work and will vary for different types and
shapes of grinding wheels.

Factors Governing Speed

WARNING
If a wheel is permitted to exceed the maximum safe
speed, it may disintegrate and cause injury to the
operator and damage to the grinding machine

The various factors governing the speed in SFPM of a
grinding wheel are as described below.

Safety

The grinding wheel should never be run at speeds in excess
of manufacturer’s recommendations, Usually, each grinding
wheel has a tag attached to it which states the maximum safe
operating speed.

Condition of the Machine

Modern grinding machines and machines that are in good
condition can safely turn a grinding wheel at speeds greater
than machines that are older or In poor condition. Most
grinding machines are  equipped with spindle bearings
designed for certain speeds which should not be exceeded.
Poor quality will result from vibrations caused by inadequate
rigidity or worn bearings that are not in the best condition.
High speeds will intensity these defects.
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Material Being Ground

The material being ground will generally determine the
grain, (]Jrade, structure, and bond of wheel to be selected. For
example, if the wheel is too soft for the material being cut, an
increase in speed will make the wheel act harder. Conversely,
if the 1lt/vheel is too hard, as lower speed will make the wheel
act softer.

Type of Grinding Wheel

The type of grinding wheel employed for a particular
operation Is one of the major considerations in the proper
selection of cutting speed. In general practice, the wheel will
be selected for the material to be cut. The recommended
cutting speed can then be determined by the wheel type, bond,
and grade of hardnessl (Table 5-1in Appendix A).

Calculating Wheel Size or Speeds

Both cutting speeds in SFPM and rotational speed in RPM
must be known to determine the size wheel to be used on a
fixed-speed grinding machine. To determine the grinding
wheel size, use the following formula:

D=12xSDFPM
-~ RPM

Where SFPM = Cuttin? speed of wheel
(In surface feet per mlnuteT).
RPM =Revolutions per minute of wheel.
D = The calculated wheel diameter (in inches).

To obtain the cutting speed in SFPM when the wheel
diameter and RPM are given, use the same formula in a
modified form:

SFPM = D x RPM
12

To obtain the rotational speed in RPM when the wheel
diameter and desired cutting speed are known use the formula
in another modified form:

RPM =12 SEPM



NOTE: As a grinding wheel wears down and as it is
continually trued and dressed, the wheel diameter decreases,
resulting in loss of cutting speed. As this occurs, it js
necessary to increase the rotational speed of the wheel or
replace the wheel to maintain efficiency in grinding.

Work Speed for Cylindrical Grinding

In cylindrical grinding, it is difficult to recommend any
work speeds since these are dependent upon whether the
material is rigid enough to hold its shape, whether the
diameter of the workpiece is large or small, and so forth.
Listed below are areas to consider when performing
cylindrical grinding:

o The larger the diameter of the workpiece, the greater is its
arc of contact with the wheel. The cutting speed suitable
for %ne diameter of workpiece might be unsuitable for
another.

« The highest work speed that the machine and wheel will
stand should be used for roughing.

o The foIIowin(O; cylindrical work speeds are only typical:
steel shafts, 50 to 55 FPM; hard steel rolls, 80 to 85 FPM;
chilled iron rolls, 80 to 200 FPM:; cast iron pistons, 150 to
400 FPM; crankshaft bearings, 45 to 50 FPM; and
crankshaft pins, 35 to 40 FPM.

» Higher work speeds increase the cutting action of the
wheel and may ‘indicate that a harder wheel and a smaller
depth of cut be used to reduce wheel wear.

Work Speed for Surface Grinding

Surface grinding machines usually have fixed work speeds
of approximately 50 SFPM or have variable work speed
ranges between 0 and 80 SFPM. As with cylindrical grinding,
the higher work speeds mean that more material is being cut
Fer surface foot of wheel rotation and therefore more wear is
iable to occur on the wheel.

Feeds

The feed of the grinding wheel is the distance the wheel
moves laterally across the workpiece for each revolution of
the piece in cylindrical grinding or in each pass of the piece in
surface grinding. The following methods are recommended
for determine feeds:
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« The feed should be proportional to the width of wheel
face and the finish desired. In general, The narrower the
face of the wheel, the slower must be the traverse speed;
the wider the wheel face the faster can be the traverse

speed.

»  For roughing, the table should traverse ahout three quarter
the wheel width per revolution or pass of the workpiece.

«  Foran average finish, the wheel should traverse one-third
to one-half the width of the wheel per revolution or pass
of the workpiece.

 Insurface grinding with wheels less than 1 inch in width,
}]h?ftable traverse speed should be reduced about one-
alf,

Depth of Cut

Methods for determining depth of cuts are recommended for
determining feeds.

o Inroughing, the cut should be as deep as the %rinding
wheel will stand, without crowding or springing the work.
The depth of cut also depends on the hardness of the
material. In cylindrical grinding, in addition to these
factors, the cut depends on the diameter of the work. In
any case, experience is the best guide. Generally, a cut of
0.001 to 0.003 inch in depth is used, depending on the
size and condition of the grinding machine.

o  For finishing, the depth of cut is always slight, generally
from 0.0005 inch to as little as 0.00005 inch.

« Anindication of the depth of cut is given by the volume
of sparks thrown off. Also, an uneven amount of sparks
indicates that the workpiece or wheel is not concentric.

COOLANTS

Most ?rind_ing_machines are equipped with coolant systems.
The coolant is directed over the point of contact between the
grinding wheel and the work. This prevents distortion of the
workpiece due to uneven temperatures caused by the cutting
action. In addition, coolant keeps the chips washed away from
the grinding wheel and point of contact, thus permitting free
cutting.
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Clear water may be used as a coolant, but various
compounds containing alkali are usually added to improve its
lubricating quality and prevent rusting of the machine and
workpiece.

An inexpensive coolant often used for all metals, except
aluminum, consists of a solution of approximately 1/4 pound
of sodium carbonate (sal soda) dissolved in 1 gallon of water.

_Another good coolant is made by dissolving soluble cutting
oil in water. For grinding aluminum and its alloys, a clear
water coolant will produce fairly good results.

OFFHAND GRINDING

Offhand grinding is the process of ﬁositioning and feedin
the workpiece against a grmdm? wheel by hand. Offhan
grinding 1s used for reducing weld marks and imperfections
on workpieces, and general lathe tool, planer tool, shaper tool,
and drill grinding. Deciding depth of cut and feed is based on
the operator’s knowledge of grinding.

Offhand grinding is performed on utility grinding machines
which generally have fixed spindle speeds and fixed wheel
size requirements, so that the cutting speed of the wheel is
constant and cannot be changed for different materials.
Therefore, the operator must use care in feeding and not
overload the wheel by taking too heavy a cut, which would
cause excess wear to the grinding wheel. Similarly, he must be
careful not to glaze the wheel by applying excessive pressure
against the wheel.

The one variable factor in most offhand grinding is the
selection of grinding abrasive wheels, although limited to one
diameter. For example, a softer or harder wheel can be
substituted for the standard medium grade wheel when
conditions and materia such a change. Lathe too
grinding is described in|Chapter 7) Drill sharpening and drill
grinding attachments andfixtures are described in (Chapter 4,

TOOL AND CUTTER GRINDING

Grinding Milling Cutters

Milling cutters must be sharpened occasionally to keep them
in good operating condition. When grinding milling cutters,
care must be exercised to maintain the proper angles and
clearances of the cutter. Improper grindingi can result in poor
cutting edges, lack of concentricity, and loss of form in the
case of formed tooth cutters. Milling cutters cannot be
sharpened by offhand grinding. A tool and cutter grinding
machine must be used.
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Bench-Type Tool and Cutter Grinding Machine

The bench-type tool and cutter grinding machine described
here is typical of most tool and cutter grinding machines. It is
designed for precision sharpening of milling cutters, spot
facers and counterbores, reamers, and saw blades. The
grlndln? machine contains a 1/4-HP electric motor mounted to
a swivel-type support bracket which can be adjusted vertically
and radically on the grinder column. The column is fixed to
the grinder base which contains T-slots for attachiné; grinder
fixtures used to support the tools that are to be ground.

The motor shaft or wheel spindle accepts grindin? wheels on
each end. One end of the spindle contains a wheel guard and
tool rest for offhand grinding of lathe tools and so forth. Cup,
straight, and 15° bevel taper abrasive grinding wheels are
used with this machine. Fixtures used for grinding tools and
cutters include a center fixture for mounting reamers, taps,
and so forth between centers; an outside diameter fixture for
chucking arbor-type milling cutters and shanked peripheral
cutting ed?e tools; and an end mill fixture for supporting end
cutting tools to the grinder base.

Grinding Formed Milling Cutters

Use the following methods and procedures when grinding
formed milling cutters.

«  Formed milling cutters are usually ground with a cup or
dish grinding wheel of medium grain (36 to 60 grain).

« Itis important that formed cutters be ground only on the
face, never on the land. Grinding the land destroys the
shape of the cutter. Also important, the face must be
ground so that the exact rake angle is retained or the
cutter will cut unevenly.

 Formed cutters are ground by radial grinding. Correctly
ground cutter teeth are shown at A and B Figure 5-17] At
A, the tooth is ground without rake; only cutters
orl%lnally shaped without rake should be reground
without rake. At B, a correctly ground tooth is shown
with positive rake. Rake angles are commonly between
10° and 15° from the radius passing through the cutting
edge, 12° being the most commonly used angle. The tooth
shown at C, has excessive positive rake this tooth will
gouge, making an excessively{]deep cut, and the cutting
edge will d) idly with hard materials. The toot
shown at D,|Figure 5-17 has negative rake; this tooth will
drag and make a shallow cut.




On new cutters, the hack (Figure 5-17) of each tooth should
be ground accurately before grinding the face. This procedure
Is recommended so that an accurate reference surface is
provided for the index finger of the grinding machine
attachment. Another method of assuring this alignment is b
mounting another cutter containing the same number of teet
on the same arbor with the cutter being ground. With the
second cutter properly aligned and locked in place, the index
finger can be used against the second cutter’s teeth.

NOTE: A positive rake angle Is a rake angle that increases
the keenness of the cutting edge. A negative rake angle is one
that decreases or makes the cutting edge more blunt.

1N

— CORRECTLY GROUND TOOTH (WITHOUT RAKE)

— CORRECTLY GROUND TOOTH (WITH RAKE)

- INCORRECTLY GROUND TOOTH (POSITIVE RAKE
GREATER THAN 15 DEG)

D — INCORRECTLY GROUND TOOTH (NEGATIVE RAKE)

A
B
c

Figure 5-17. Correct and incorrect grinding of formed milling cutter teeth.

The grinding wheel should be set up so that the wheel
traverse is aligned with the face of one tooth (Figure 5-18).
The alignment should be checked by moving the grindin
wheel away from the cutter, rotating the cutter, an
recheckin% the traverse on another tooth. After this alignment
is accomplished, the depth of cut, is regulated by rotating the
cutter slightly, thus maintaining the same rake angle on the
sharpened cutter. The depth of cut should never be obtained
by moving the cutter or grinding wheel in a direction parallel
to the wheel spindle. Doing this would change the rake angle
of the cutter.

Grinding Plain Milling Cutters

Plain milling cutters with saw-tooth type teeth are sharpened
by grinding the lands on the periphery of the teeth. The lands
may be ground using a straight grinding wheel or a cup-
shaped grinding wheel.
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2\ L-LINE OF
WA\ " WHEEL FeED
METAL
REMOVED

CUTTER REVOLVED
TO OBTAIN DEPTH
OF CUT

GRINDING ABRASIVE
WHEEL ALINED WITH
EXISTING TOOTH FACE

J

Figure 5-18. Aligning formed milling cutter and grinding wheel.

The important consideration when grindin? this type of
cutter is the primary clearance angle or relief angle of the land
(Figure 5-19). If the primary clearance angle is too large, the
cutting edge will be too sharp and the cutter will dull quickly.
If the primary clearance angle is too small, the cutter will rub
rather than cut and excessive heat will be generated.

é SECONDARY CLEARANCE )
ANGLE

WIDTH
DEPTHOF o PRIMARY
TOOTH | CLEARANCE ANGLE ',_L.'
RAKE FACE
ANGLE OF é
PITCH ,
TSEF OOTH
! ¥
T\ (ﬂé--
! SPIRAL
OR /%/
HELIX
ANGLE L—=5
HEEL CUTTING
EDGE END OR SIDE
L " f¢—QUTSIDE DIAMETER—>-{ OF CUTTER J

Figure 5-19. Milling, cutter nomenclature.
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The primary clearance angle[(Figure 5-19] should be
between 3° and 5° for hard materials and about 10° for soft
materials like aluminum. For cutters under 3 inches in
diameter, a larger clearance angle should be used: 7° for hard
materials and 12° for soft materials.

The clearance angle for end and side teeth should be about
2° and the face of these cutters should be ground 0.001- or
0.002-inch concave toward the center to avoid any drag.

To grind the lands of milling cutter teeth to primary
clearance angle, the teeth are positioned against the grinding
wheel below the wheel’s axis &gure 5-20).

To obtain the primary clearance angle when grinding with a
straight wheel, lower the indexing finger or raise the grinding
wheel a distance equivalent to 0.0088 times the clearance
angle times the diameter of the grinding wheel. For example,
to find the distance below center of the indexing finger
(Figure 5-20) for a cutter with a 5° clearance angle, being
ground by a straight wheel 6 inches in diameter, the
calculation is as follows: 0.0088 x 5 x6 = 0.264 inch. The
indexing fin?er would then be set 0.264 inch below the wheel
axis. The milling cutter axis should also be 0.264 inch below
the wheel axis.

To obtain the primary clearance angle when grinding with a
cup wheel, the formula for a straight wheel is used except that
instead of wheel diameter being used in the formula, the cutter
diameter is  used. In this case, the index finger is set to the
calculated distance below the axis of the milling cutter (Figure
5-20) instead of below the axis of the wheel.

E Table 5-3 in Appendix A is provided to save time in
calculating distances below center for primary clearance
angles. The same figures can be used for straight wheel or cup
wheel grinding, substituting the wheel diameter for the cutter
diameter or vice versa.

The land of each tootH] iFiﬁure 5-19) should be from 1/32 to
1/16-inch wide, depending upon the type and size of the
milling cutter. As a result of repeated grinding of the primary
clearance angle, the land may become so wide as to cause the
heel of the tooth to drag on the workpiece. To control the land
width, a secondary clearance angle iFigure 5-19) is ground.
This angle is usually ground to 30°, although the exact angle
is not critical. Generally, an angle between 20° and 30° is
sufficient to define the land of the tooth.

520

Grinding End Milling Cutters

The peripheral teeth of end milling cutters are ground in the
same manner as the teeth of a plain milling cutter. When
grinding the end teeth of coarse-tooth end milling cutters, the
cutter is supﬁorted vertically in a taper sleeve of the end mill
fixture and then tilted to obtain the required clearance angle.
The end mill fixture is offset slightly to grind the teeth 0.001
t0 0.002 inch lower in the center to prevent dragging. A dish-
shaped grinding wheel revolving about a vertical spindle is
used to grind end milling cutters.

{ STRAIGHT GRINDING R

CUP GRINDING
ABRASIVE WHEEL ABRASIVE WHEEL
MILLING

ER MILLING
CUTTER

DISTANCE
BELOW
CENTER

INDEXING
FINGER INDEXING

L FINGER /
Figure 5-20. Grinding primary clearance angle.

Removing the Burrs

After the milling cutter is ground, the cutting edges should
be honed with a fine oilstone to remove any burrs caused by
grinding. This practice will add to the keenness of the cuttjng
e?g_es and keep the cutting edges sharper for a longer perio
of time.

CYLINDRICAL GRINDING

Cylindrical girinding is the practice of grinding cylindrical or
conical workplaces by revolva the workpiece In contact with
the grinding wheel. Cylindrical grinding Is divided into three
general operations: plain cylindrical, conical grinding (taper
grinding), and internal grinding. The workpiece and wheel are
set to rotate in opposite directions at the point of contact

Figure 5-21),

Plain Cylindrical Grinding

The step-by-step procedure for grindin? a straight shaft is
gi_v%ln below. The shaft has been roughly turned prior to
grinding.
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Cannot identify  table 5-3, AppA.


Check and grind headstock and tailstock centers if
necessary.

Check drilled centers of workpiece for accuracy.

Place a grinding wheel of the proper grain, grade,
structure, and bond on the wheel spindle.

Place wheel guards in position to cover the wheel
adequately.

Set the proper wheel speed on grinding machine (Table
5-2in Appendix A).

Place the diamond dresser and holder on the machine
table and true and dress the grinding wheel.

Mount the headstock and footstock on the table.

Attach the proper size drive dog on the headstock end of
the workpiece.

Mount the workpiece between headstock and tailstock
centers. Use lubricant (oil and white lead mixture) on
tailstock center. Make sure centers fit drill center holes
correctly with no play.

Set the proFer rotational work speed on the wheel head.
The general range of work speed for cylindrical grinding
is 60 to 100 SFPM. Heavy rough grinding is sometimes
performed at work speeds as low as 20 or 30 SFPM. Soft
metals such as aluminum are sometimes ground at speeds
up to 200 SFPM.

Position the table trip dogis to allow minimum table
traverse. The wheel should overlap each end of the
workpiece not more than one-half the wheel width to
assure a uniform straight cut over the length of the
workpiece.

Calculate the table traverse feed using this formula.

TT = (WW X FF X WRPM) + 12
Where TT = Table travel in feet per minute

WW = Width of wheel

FF = Fraction of finish

WRPM = Revolutions per minute of workpiece
12 = Constant (inches per foot)

TC 9-524

The fraction of finish for annealed steels is 1/2 for rough
grinding and 176 for finishing; for hardened steels, the rate is
1/4 for rough grinding and 1/8 for finishing.

For example, a l-inch-wide wheel is used to rough grind a
hardened steel cylinder with a work RPM of 300.

Table travel =
(1x1/4x300) - 12 = (75) - 12 = 6.25 FPM

After the calculations have been completed, set the machine
for the proper traverse rate, turn on the table traverse power
feed, and grind the workpiece.

Check the workpiece size often during cutting with
micrometer calipers. Check the tailstock center often and
readjust if expansion in the workpiece has caused excessive
pressure against the drilled center in the workpiece.

The finishing cut should be slight, never greater than 0.001
inch, and taken with a fine feed and a fine grain wheel.

If two or more grinding wheels of different grain size are
used during the grinding procedure, each wheel should be
dreshs_ed and trued as soon as it is mounted in the grinding
machine.

[ GRINDING ABRASIVE )

WHEEL

WORKPIECE WORKPIECE

EXTERNAL GRINDING

INTERNAL GRINDING J

Figure 5-21. Direction of rotation for cylindrical grinding.

Conical Grinding

Most conical grinding is performed in the same manner as
plain cylindrical grinding. Once the grinding machine is set
uB, the table is swiveled until the correct taFer per inch is
obtained. Steep conical tapers are normally ground by
swiveling the headstock to the angle of taper. Whichever
method 1s used, the axis of the grinding wheel must be
exactly at center height with the axis of the work.
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INTERNAL GRINDING

The internal grinding attachment is bolted to the wheel head
on the universal tool and cutter grinder. The RPM is increased
by placing a large pulley on the motor and a small pulley on
the attachment.

The workpiece should be set to rotate in the direction
opposite that of the grinding wheel. The following step-by-
step procedure for grinding the bore of a bushing is outlined
below as an example.

«  Set up the workpiece in an independent chuck and check
and adjust its alignment.

«  Mount the internal grinding attachment to the wheel head
and adjust its position so that the grinding wheel is
centered vertically with the mounted workpiece.

e True and dress the grinding wheel.

o Set the proper wheel speed on the grinding machine by
adjusting the pulleys and belts connecting the wheel
spindle to the drive motor shaft.

e Setthe proEer rotational work feed. The speed should be
60 to 100 SFPM.

« Be sure sufficient clearance is allowed when setting the
traversing speed so that the grinding wheel will not strike
any part of the workpiece or setup when the wheel is fed
into and retracted from the workpiece.

If two or more grinding wheels are used to complete internal
grinding, true each wheel after mounting it to the spindle of
the internal grinding attachment.

SURFACE GRINDING

Surface grinding or grinding flat surfaces, is characterized
by a large contact area of the wheel with the workpiece, as
o?posed to cylindrical grinding where a relatively small area
of contact is present. As a result, the force of each abrasive
grain against the workpiece is smaller than that applied to
each grain in cylindrical grinding. In surface grinding the
grinding wheel should be generally softer in grade and wider
In structure than for cylindrical grinding.

OPERATION

The following sequence is provided as a step-by-step
example of a typical surface grinding operation.

 Adjust the surface grinding machine so that grinding head
and worktable are absolutely parallel.

« Place a grinding wheel of the proper grain, grade,
structure, and bond on the wheel spindle.

o Place the guard over the wheel and check security of all
adjustable members of the grinding machine for rigidity
and lack of backlash.

e True and dress the grinding wheel.

« Mount the workpiece to the worktable. Make sure the
surface to be ?round is parallel to the worktable and the
grinding wheel.

o Adjust wheel speed, work speed, and work feed.

» Proceed with grinding, adjusting depth of cut as
necessary. Check for accuracy between each cut and
determine that the workpiece is square and the wheel is
not out of alignment. If it is necessary to use more than
one ?rmdmg wheel to complete the grinding, each wheel
should be trued and dressed after it is mounted.

SPECIAL OPERATIONS ON GRINDING MACHINES

CLEANING

A wire wheel mounted to a utility grinding machine is used
for cleaning operations such as removing rust, paint, or dirt
from metal objects. If the utility grinding machine on which
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the wire wheel is to be mounted is equipped with wheel
guards and tool rests, these parts should be removed or swung
out of the way so that the objects to be cleaned can be brought
against the wheel without interference.



To clean objects with a wire wheel, place the object firmly
against the wire wheel. Work the object back and forth across
the face of the wheel until all traces of rust, paint, or dirt are
removed. Avoid excessive pressure against the face of the
wire wheel to prevent spreading the steel wires. Keep the

oint of contact below the center of the wheel to avoid
ickback of the workpiece.

POLISHING, BUFFING, AND LAPPING

Polishing, buffing, and lapping are three closely related
methods for finishing metal parts. The three different methods
of finishing are listed below.

Polishing

Polishing is an abrading process in which small amounts of
metal are removed to produce a smooth or glossy surface b
agpll_catlon of cushion wheels impregnated or coated wit
abrasives. Polishing may be used for reduction or smoothing
of the surface to a common level for high finish where
accuracy is not important, or it may be employed for
removing relatively large amounts of material from parts of
irregular contour. Rough polishing is performed on a dry
wheel using abrasives of No. 60 grain (60 grains per linear
inch) or coarser. Dry finish polishing Is a similar éarocess
where No 70. grain to No. 120 grain abrasives are used. Oiling
is the term apﬁlied to polishing with abrasive finer than No.
120 grain. In this process, the abrasive is usually greased with
tallow or a similar substance.

Buffing

Buffing is a smoothing operation which is accomplished
more by plastic flow of the metal than by abrading. The
abrasives are generally finer than those used in polishing and
instead of being firmly cemented to the wheel are merely held
by a “grease cake” or similar substance. Buffin? is used to
produce a high luster or color without any Barticu ar regard to
accuracy of dimension or plane. Cut down buffing produces a
rapid smoothing action with fast-cutting abrasives and
relatively hard buffing wheels. It is accomplished with high
speeds and heavy pressures to allow a combined plastic flow
and abrading action to occur. Color buffing is the imparting of
a high luster finish on the workpiece by use of soft abrasives
and soft buffing wheels.

Lapping

Lapping, like polishing, is an abradingr_ rocess in which
small amounts of material are removed. Unlike polishing,
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however, lapping is intended to produce very smooth, accurate
surfaces, and is never used instead of polishing or buffing
when clearance is the only consideration. Lapping is
accomplished by charging metal forms called laps with flour-
fine abrasives and then rubbing the workpiece with the lap.
The lap may be of any shape and may be designed to fit into
most power machine tools. The only requirements of the lap
are that it be of softer material than the material being lapped,
and that it be sufficiently porous to accept the imbedded
abrasive grain. Common materials for laps are soft cast iron,
copper, brass, and lead. Some laps are flat and others are
cylindrical to fit on steel arbors for internal lapping of bores.
A cutting oil is recommended for most lapping operations.

Polishing and Buffing Speeds

The proper speed for polishing and buffing is governed by
the type of wheel, workpiece material, and finish desired. For
polishing and buffing in general where the wheels are in
perfect balance and correctl%/ mounted, a speed of
approximately 1,750 RPM is used for 6-inch to 8-inch wheels;
up to 6-inch wheels use 3,500 RPM. If run at a lower rate of
speed, the work tends to tear the polishing material from the
wheel too readily, and the work is not as good in quality.

Polishing Abrasives

The abrasive grains used for polishing must vary in
characteristics for the different operations to which they are
applied. Abrasive grains for thshing are supplied in bulk
form and are not mixed with any vehicle. The abrasives,
usually aluminum oxide or silicon carbide, range from coarse
to fine (1 to 20 grains per inch).

Buffing Abrasives

Buffing abrasives are comparatively fine and are often made
up in the form of paste, sticks, or cakes; the abrasive being
bonded together by means of grease or a similar vehicle. The
abrasive sizes for buffin% are 280, 320, 400, 500, and 600.
Some manufacturers use letters and numbers to designate
?_raln size such as F, 2F, 3F, 4F, and XF (from fine to very
Ine). Pumice, rottenstone, and rouge are often used as buffing
abrasives.

Lapping Abrasives

Only the finest abrasives are used for lapping. These may be
either natural or artificial. Abrasives for lapping range from
No. 220 to No. 600 or No. 800 which are very fine flours.
Lapping compounds are generally mixed with water or oil so
that they can be readily applied to the lap.
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