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Tool Wear

Metal cutting tools wear constantly when they are being used. A normal amount of wear
should not be a cause for concern until the size of the worn region has reached the point
where the tool should be replaced. Normal wear cannot be avoided and should be differen-
tiated from abnormal tool breakage or excessively fast wear. Tool breakage and an exces-
sive rate of wear indicate that the tool is not operating correctly and steps should be taken
to correct this situation.

There are several basic mechanisms that cause tool wear. It is generally understood that
tools wear as a result of abrasion which is caused by hard particles of work material plow-
ing over the surface of the tool. Wear is also caused by diffusion or alloying between the
work material and the tool material. In regions where the conditions of contact are favor-
able, the work material reacts with the tool material causing an attrition of the tool material.
The rate of this attrition is dependent upon the temperature in the region of contact and the
reactivity of the tool and the work materials with each other. Diffusion or alloying also
occurs where particles of the work material are welded to the surface of the tool. These
welded deposits are often quite visible in the form of a built-up edge, as particles or a layer
of work material inside a crater or as small mounds attached to the face of the tool. The dif-
fusion or alloying occurring between these deposits and the tool weakens the tool material
below the weld. Frequently these deposits are again rejoined to the chip by welding or they
are simply broken away by the force of collision with the passing chip. When this happens,
a small amount of the tool material may remain attached to the deposit and be plucked from
the surface of the tool, to be carried away with the chip. This mechanism can cause chips to
be broken from the cutting edge and the formation of small craters on the tool face called
pull-outs. It can also contribute to the enlargement of the larger crater that sometimes
forms behind the cutting edge. Among the other mechanisms that can cause tool wear are
severe thermal gradients and thermal shocks, which cause cracks to form near the cutting
edge, ultimately leading to tool failure. This condition can be caused by improper tool
grinding procedures, heavy interrupted cuts, or by the improper application of cutting flu-
ids when machining at high cutting speeds. Chemical reactions between the active constit-
uents in some cutting fluids sometimes accelerate the rate of tool wear. Oxidation of the
heated metal near the cutting edge also contributes to tool wear, particularly when fast cut-
ting speeds and high cutting temperatures are encountered. Breakage of the cutting edge
caused by overloading, heavy shock loads, or improper tool design is not normal wear and
should be corrected.

The wear mechanisms described bring about visible manifestations of wear on the tool
which should be understood so that the proper corrective measures can be taken, when
required. These visible signs of wear are described in the following paragraphs and the cor-
rective measures that might be required are given in the accompanying Tool Trouble-
Shooting Check List. The best procedure when trouble shooting is to try to correct only one
condition at a time. When a correction has been made it should be checked. After one con-
dition has been corrected, work can then start to correct the next condition.

Flank Wear: Tool wear occurring on the flank of the tool below the cutting edge is called
flank wear. Flank wear always takes place and cannot be avoided. It should not give rise to
concern unless the rate of flank wear is too fast or the flank wear land becomes too large in
size. The size of the flank wear can be measured as the distance between the top of the cut-
ting edge and the bottom of the flank wear land. In practice, a visual estimate is usually
made instead of a precise measurement, although in many instances flank wear is ignored
and the tool wear is “measured” by the loss of size on the part. The best measure of tool
wear, however, is flank wear. When it becomes too large, the rubbing action of the wear
land against the workpiece increases and the cutting edge must be replaced. Because con-
ditions vary, it is not possible to give an exact amount of flank wear at which the tool should
be replaced. Although there are many exceptions, as a rough estimate, high-speed steel
tools should be replaced when the width of the flank wear land reaches 0.005 to 0.010 inch
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for finish turning and 0.030 to 0.060 inch for rough turning; and for cemented carbides
0.005 to 0.010 inch for finish turning and 0.020 to 0.040 inch for rough turning.

Under ideal conditions which, surprisingly, occur quite frequently, the width of the flank
wear land will be very uniform along its entire length. When the depth of cut is uneven,
such as when turning out-of-round stock, the bottom edge of the wear land may become
somewhat slanted, the wear land being wider toward the nose. A jagged-appearing wear
land usually is evidence of chipping at the cutting edge. Sometimes, only one or two sharp
depressions of the lower edge of the wear land will appear, to indicate that the cutting edge
has chipped above these depressions. A deep notch will sometimes occur at the “depth of
cut line,” or that part of the cutting opposite the original surface of the work. This can be
caused by a hard surface scale on the work, by a work-hardened surface layer on the work,
or when machining high-temperature alloys. Often the size of the wear land is enlarged at
the nose of the tool. This can be a sign of crater breakthrough near the nose or of chipping
in this region. Under certain conditions, when machining with carbides, it can be an indica-
tion of deformation of the cutting edge in the region of the nose.

When a sharp tool is first used, the initial amount of flank wear is quite large in relation to
the subsequent total amount. Under normal operating conditions, the width of the flank
wear land will increase at a uniform rate until it reaches a critical size after which the cut-
ting edge breaks down completely. This is called catastrophic failure and the cutting edge
should be replaced before this occurs. When cutting at slow speeds with high-speed steel
tools, there may be long periods when no increase in the flank wear can be observed. For a
given work material and tool material, the rate of flank wear is primarily dependent on the
cutting speed and then the feed rate.

Cratering: A deep crater will sometimes form on the face of the tool which is easily rec-
ognizable. The crater forms at a short distance behind the side cutting edge leaving a small
shelf between the cutting edge and the edge of the crater. This shelf is sometimes covered
with the built-up edge and at other times it is uncovered. Often the bottom of the crater is
obscured with work material that is welded to the tool in this region. Under normal operat-
ing conditions, the crater will gradually enlarge until it breaks through a part of the cutting
edge. Usually this occurs on the end cutting edge just behind the nose. When this takes
place, the flank wear at the nose increases rapidly and complete tool failure follows
shortly. Sometimes cratering cannot be avoided and a slow increase in the size of the crater
is considered normal. However, if the rate of crater growth is rapid, leading to a short tool
life, corrective measures must be taken.

Cutting Edge Chipping: Small chips are sometimes broken from the cutting edge which
accelerates tool wear but does not necessarily cause immediate tool failure. Chipping can
be recognized by the appearance of the cutting edge and the flank wear land. A sharp
depression in the lower edge of the wear land is a sign of chipping and if this edge of the
wear land has a jagged appearance it indicates that a large amount of chipping has taken
place. Often the vacancy or cleft in the cutting edge that results from chipping is filled up
with work material that is tightly welded in place. This occurs very rapidly when chipping
is caused by a built-up edge on the face of the tool. In this manner the damage to the cutting
edge is healed; however, the width of the wear land below the chip is usually increased and
the tool life is shortened.

Deformation: Deformation occurs on carbide cutting tools when taking a very heavy cut
using a slow cutting speed and a high feed rate. A large section of the cutting edge then
becomes very hot and the heavy cutting pressure compresses the nose of the cutting edge,
thereby lowering the face of the tool in the area of the nose. This reduces the relief under the
nose, increases the width of the wear land in this region, and shortens the tool life.

Surface Finish: The finish on the machined surface does not necessarily indicate poor
cutting tool performance unless there is a rapid deterioration. A good surface finish is,
however, sometimes a requirement. The principal cause of a poor surface finish is the
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built-up edge which forms along the edge of the cutting tool. The elimination of the built-
up edge will always result in an improvement of the surface finish. The most effective way
to eliminate the built-up edge is to increase the cutting speed. When the cutting speed is
increased beyond a certain critical cutting speed, there will be a rather sudden and large
improvement in the surface finish. Cemented carbide tools can operate successfully at
higher cutting speeds, where the built-up edge does not occur and where a good surface fin-
ish is obtained. Whenever possible, cemented carbide tools should be operated at cutting
speeds where a good surface finish will result. There are times when such speeds are not
possible. Also, high-speed tools cannot be operated at the speed where the built-up edge
does not form. In these conditions the most effective method of obtaining a good surface
finish is to employ a cutting fluid that has active sulphur or chlorine additives.

Cutting tool materials that do not alloy readily with the work material are also effective in
obtaining an improved surface finish. Straight titanium carbide and diamond are the two
principal tool materials that fall into this category.

The presence of feed marks can mar an otherwise good surface finish and attention must
be paid to the feed rate and the nose radius of the tool if a good surface finish is desired.
Changes in the tool geometry can also be helpful. A small “flat,” or secondary cutting edge,
ground on the end cutting edge behind the nose will sometimes provide the desired surface
finish. When the tool is in operation, the flank wear should not be allowed to become too
large, particularly in the region of the nose where the finished surface is produced.

Sharpening Twist Drills.—Twist drills are cutting tools designed to perform concur-
rently several functions, such as penetrating directly into solid material, ejecting the
removed chips outside the cutting area, maintaining the essentially straight direction of the
advance movement and controlling the size of the drilled hole. The geometry needed for
these multiple functions is incorporated into the design of the twist drill in such a manner
that it can be retained even after repeated sharpening operations. Twist drills are resharp-
ened many times during their service life, with the practically complete restitution of their
original operational characteristics. However, in order to assure all the benefits which the
design of the twist drill is capable of providing, the surfaces generated in the sharpening
process must agree with the original form of the tool's operating surfaces, unless a change
of shape is required for use on a different work material.

The principal elements of the tool geometry which are essential for the adequate cutting
performance of twist drills are shown in Fig. 1. The generally used values for these dimen-
sions are the following:

Point angle: Commonly 118°, except for high strength steels, 118° to 135°; aluminum
alloys, 90° to 140°; and magnesium alloys, 70° to 118°.

Helix angle: Commonly 24° to 32°, except for magnesium and copper alloys, 10° to 30°.
Lip relief angle: Commonly 10° to 15°, except for high strength or tough steels, 7° to 12°.

The lower values of these angle ranges are used for drills of larger diameter, the higher
values for the smaller diameters. For drills of diameters less than 1⁄4 inch, the lip relief
angles are increased beyond the listed maximum values up to 24°. For soft and free
machining materials, 12° to 18° except for diameters less than 1⁄4 inch, 20° to 26°.

Relief Grinding of the Tool Flanks.—In sharpening twist drills the tool flanks contain-
ing the two cutting edges are ground. Each flank consists of a curved surface which pro-
vides the relief needed for the easy penetration and free cutting of the tool edges. In
grinding the flanks, Fig. 2, the drill is swung around the axis A of an imaginary cone while
resting in a support which holds the drill at one-half the point angle B with respect to the
face of the grinding wheel. Feed f for stock removal is in the direction of the drill axis. The
relief angle is usually measured at the periphery of the twist drill and is also specified by
that value. It is not a constant but should increase toward the center of the drill.
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The relief grinding of the flank surfaces will generate the chisel angle on the web of the
twist drill. The value of that angle, typically 55°, which can be measured, for example, with
the protractor of an optical projector, is indicative of the correctness of the relief grinding.

Fig. 1. The principal elements of tool geometry on twist drills.

Drill Point Thinning.— The chisel edge is the least efficient operating surface element of
the twist drill because it does not cut, but actually squeezes or extrudes the work material.
To improve the inefficient cutting conditions caused by the chisel edge, the point width is
often reduced in a drill-point thinning operation, resulting in a condition such as that shown
in Fig. 3. Point thinning is particularly desirable on larger size drills and also on those
which become shorter in usage, because the thickness of the web increases toward the shaft
of the twist drill, thereby adding to the length of the chisel edge. The extent of point thin-
ning is limited by the minimum strength of the web needed to avoid splitting of the drill
point under the influence of cutting forces.

Both sharpening operations—the relieved face grinding and the point thinning—should
be carried out in special drill grinding machines or with twist drill grinding fixtures
mounted on general-purpose tool grinding machines, designed to assure the essential accu-

Fig. 2. In grinding the face of the twist drill the tool 
is swung around the axis A of an imaginary cone, 

while resting in a support tilted by half of the point 
angle β with respect to the face of the grinding 

wheel. Feed f for stock removal is in the direction 
of the drill axis.

Fig. 3. The chisel edge C after thinning the web by 
grinding off area T.

Fig. 4. Split point or “crankshaft” type web thin-
ning.
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racy of the required tool geometry. Off-hand grinding may be used for the important web
thinning when a special machine is not available; however, such operation requires skill
and experience.

Improperly sharpened twist drills, e.g. those with unequal edge length or asymmetrical
point angle, will tend to produce holes with poor diameter and directional control.

For deep holes and also drilling into stainless steel, titanium alloys, high temperature
alloys, nickel alloys, very high strength materials and in some cases tool steels, split point
grinding, resulting in a “crankshaft” type drill point, is recommended. In this type of point-
ing, see Fig. 4, the chisel edge is entirely eliminated, extending the positive rake cutting
edges to the center of the drill, thereby greatly reducing the required thrust in drilling.
Points on modified-point drills must be restored after sharpening to maintain their
increased drilling efficiency.
Sharpening Carbide Tools.—Cemented carbide indexable inserts are usually not
resharpened but sometimes they require a special grind in order to form a contour on the
cutting edge to suit a special purpose. Brazed type carbide cutting tools are resharpened
after the cutting edge has become worn. On brazed carbide tools the cutting-edge wear
should not be allowed to become excessive before the tool is re-sharpened. One method of
determining when brazed carbide tools need resharpening is by periodic inspection of the
flank wear and the condition of the face. Another method is to determine the amount of
production which is normally obtained before excessive wear has taken place, or to deter-
mine the equivalent period of time. One disadvantage of this method is that slight varia-
tions in the work material will often cause the wear rate not to be uniform and the number
of parts machined before regrinding will not be the same each time. Usually, sharpening
should not require the removal of more than 0.005 to 0.010 inch of carbide.

General Procedure in Carbide Tool Grinding: The general procedure depends upon the
kind of grinding operation required. If the operation is to resharpen a dull tool, a diamond
wheel of 100 to 120 grain size is recommended although a finer wheel—up to 150 grain
size—is sometimes used to obtain a better finish. If the tool is new or is a “standard” design
and changes in shape are necessary, a 100-grit diamond wheel is recommended for rough-
ing and a finer grit diamond wheel can be used for finishing. Some shops prefer to rough
grind the carbide with a vitrified silicon carbide wheel, the finish grinding being done with
a diamond wheel. A final operation commonly designated as lapping may or may not be
employed for obtaining an extra-fine finish.

Wheel Speeds: The speed of silicon carbide wheels usually is about 5000 feet per minute.
The speeds of diamond wheels generally range from 5000 to 6000 feet per minute; yet
lower speeds (550 to 3000 fpm) can be effective.

Offhand Grinding: In grinding single-point tools (excepting chip breakers) the common
practice is to hold the tool by hand, press it against the wheel face and traverse it continu-
ously across the wheel face while the tool is supported on the machine rest or table which
is adjusted to the required angle. This is known as “offhand grinding” to distinguish it from
the machine grinding of cutters as in regular cutter grinding practice. The selection of
wheels adapted to carbide tool grinding is very important.
Silicon Carbide Wheels.—The green colored silicon carbide wheels generally are pre-
ferred to the dark gray or gray-black variety, although the latter are sometimes used.

Grain or Grit Sizes: For roughing, a grain size of 60 is very generally used. For finish
grinding with silicon carbide wheels, a finer grain size of 100 or 120 is common. A silicon
carbide wheel such as C60-I-7V may be used for grinding both the steel shank and carbide
tip. However, for under-cutting steel shanks up to the carbide tip, it may be advantageous
to use an aluminum oxide wheel suitable for grinding softer, carbon steel.

Grade: According to the standard system of marking, different grades from soft to hard
are indicated by letters from A to Z. For carbide tool grinding fairly soft grades such as G,
H, I, and J are used. The usual grades for roughing are I or J and for finishing H, I, and J. The
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grade should be such that a sharp free-cutting wheel will be maintained without excessive
grinding pressure. Harder grades than those indicated tend to overheat and crack the car-
bide.

Structure: The common structure numbers for carbide tool grinding are 7 and 8. The
larger cup-wheels (10 to 14 inches) may be of the porous type and be designated as 12P.
The standard structure numbers range from 1 to 15 with progressively higher numbers
indicating less density and more open wheel structure.

Diamond Wheels.—Wheels with diamond-impregnated grinding faces are fast and cool
cutting and have a very low rate of wear. They are used extensively both for resharpening
and for finish grinding of carbide tools when preliminary roughing is required. Diamond
wheels are also adapted for sharpening multi-tooth cutters such as milling cutters, reamers,
etc., which are ground in a cutter grinding machine.

Resinoid bonded wheels are commonly used for grinding chip breakers, milling cutters,
reamers or other multi-tooth cutters. They are also applicable to precision grinding of car-
bide dies, gages, and various external, internal and surface grinding operations. Fast, cool
cutting action is characteristic of these wheels.

Metal bonded wheels are often used for offhand grinding of single-point tools especially
when durability or long life and resistance to grooving of the cutting face, are considered
more important than the rate of cutting. Vitrified bonded wheels are used both for roughing
of chipped or very dull tools and for ordinary resharpening and finishing. They provide
rigidity for precision grinding, a porous structure for fast cool cutting, sharp cutting action
and durability.

Diamond Wheel Grit Sizes.—For roughing with diamond wheels a grit size of 100 is the
most common both for offhand and machine grinding. 

Grit sizes of 120 and 150 are frequently used in offhand grinding of single point tools
1) for resharpening;  2) for a combination roughing and finishing wheel;  and  3 )  f o r

chip-breaker grinding.

Grit sizes of 220 or 240 are used for ordinary finish grinding all types of tools (offhand
and machine) and also for cylindrical, internal and surface finish grinding. Grits of 320 and
400 are used for “lapping” to obtain very fine finishes, and for hand hones. A grit of 500 is
for lapping to a mirror finish on such work as carbide gages and boring or other tools for
exceptionally fine finishes.

Diamond Wheel Grades.—Diamond wheels are made in several different grades to bet-
ter adapt them to different classes of work. The grades vary for different types and shapes
of wheels. Standard Norton grades are H, J, and L, for resinoid bonded wheels, grade N for
metal bonded wheels and grades J, L, N, and P, for vitrified wheels. Harder and softer
grades than standard may at times be used to advantage.

Diamond Concentration.—The relative amount (by carat weight) of diamond in the dia-
mond section of the wheel is known as the “diamond concentration.” Concentrations of
100 (high), 50 (medium) and 25 (low) ordinarily are supplied. A concentration of 50 repre-
sents one-half the diamond content of 100 (if the depth of the diamond is the same in each
case) and 25 equals one-fourth the content of 100 or one-half the content of 50 concentra-
tion.

100 Concentration: Generally interpreted to mean 72 carats of diamond/in.3 of abrasive
section. (A 75 concentration indicates 54 carats/in.3.) Recommended (especially in grit
sizes up to about 220) for general machine grinding of carbides, and for grinding cutters
and chip breakers. Vitrified and metal bonded wheels usually have 100 concentration.

50 Concentration: In the finer grit sizes of 220, 240, 320, 400, and 500, a 50 concentra-
tion is recommended for offhand grinding with resinoid bonded cup-wheels.
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25 Concentration: A low concentration of 25 is recommended for offhand grinding with
resinoid bonded cup-wheels with grit sizes of 100, 120 and 150.

Depth of Diamond Section: The radial depth of the diamond section usually varies from
1⁄16 to 1⁄4 inch. The depth varies somewhat according to the wheel size and type of bond.

Dry Versus Wet Grinding of Carbide Tools.—In using silicon carbide wheels, grinding
should be done either absolutely dry or with enough coolant to flood the wheel and tool.
Satisfactory results may be obtained either by the wet or dry method. However, dry grind-
ing is the most prevalent usually because, in wet grinding, operators tend to use an inade-
quate supply of coolant to obtain better visibility of the grinding operation and avoid
getting wet; hence checking or cracking in many cases is more likely to occur in wet grind-
ing than in dry grinding.

Wet Grinding with Silicon Carbide Wheels: One advantage commonly cited in connec-
tion with wet grinding is that an ample supply of coolant permits using wheels about one
grade harder than in dry grinding thus increasing the wheel life. Plenty of coolant also pre-
vents thermal stresses and the resulting cracks, and there is less tendency for the wheel to
load. A dust exhaust system also is unnecessary.

Wet Grinding with Diamond Wheels: In grinding with diamond wheels the general prac-
tice is to use a coolant to keep the wheel face clean and promote free cutting. The amount
of coolant may vary from a small stream to a coating applied to the wheel face by a felt pad.

Coolants for Carbide Tool Grinding.—In grinding either with silicon carbide or dia-
mond wheels a coolant that is used extensively consists of water plus a small amount either
of soluble oil, sal soda, or soda ash to prevent corrosion. One prominent manufacturer rec-
ommends for silicon carbide wheels about 1 ounce of soda ash per gallon of water and for
diamond wheels kerosene. The use of kerosene is quite general for diamond wheels and
usually it is applied to the wheel face by a felt pad. Another coolant recommended for dia-
mond wheels consists of 80 per cent water and 20 per cent soluble oil.

Peripheral Versus Flat Side Grinding.—In grinding single point carbide tools with sili-
con carbide wheels, the roughing preparatory to finishing with diamond wheels may be
done either by using the flat face of a cup-shaped wheel (side grinding) or the periphery of
a “straight” or disk-shaped wheel. Even where side grinding is preferred, the periphery of
a straight wheel may be used for heavy roughing as in grinding back chipped or broken
tools (see left-hand diagram). Reasons for preferring peripheral grinding include faster
cutting with less danger of localized heating and checking especially in grinding broad sur-
faces. The advantages usually claimed for side grinding are that proper rake or relief angles
are easier to obtain and the relief or land is ground flat. The diamond wheels used for tool
sharpening are designed for side grinding. (See right-hand diagram.)
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Lapping Carbide Tools.—Carbide tools may be finished by lapping, especially if an
exceptionally fine finish is required on the work as, for example, tools used for precision
boring or turning non-ferrous metals. If the finishing is done by using a diamond wheel of
very fine grit (such as 240, 320, or 400), the operation is often called “lapping.” A second
lapping method is by means of a power-driven lapping disk charged with diamond dust,
Norbide powder, or silicon carbide finishing compound. A third method is by using a hand
lap or hone usually of 320 or 400 grit. In many plants the finishes obtained with carbide
tools meet requirements without a special lapping operation. In all cases any feather edge
which may be left on tools should be removed and it is good practice to bevel the edges of
roughing tools at 45 degrees to leave a chamfer 0.005 to 0.010 inch wide. This is done by
hand honing and the object is to prevent crumbling or flaking off at the edges when hard
scale or heavy chip pressure is encountered.

Hand Honing: The cutting edge of carbide tools, and tools made from other tool materi-
als, is sometimes hand honed before it is used in order to strengthen the cutting edge. When
interrupted cuts or heavy roughing cuts are to be taken, or when the grade of carbide is
slightly too hard, hand honing is beneficial because it will prevent chipping, or even possi-
bly, breakage of the cutting edge. Whenever chipping is encountered, hand honing the cut-
ting edge before use will be helpful. It is important, however, to hone the edge lightly and
only when necessary. Heavy honing will always cause a reduction in tool life. Normally,
removing 0.002 to 0.004 inch from the cutting edge is sufficient. When indexable inserts
are used, the use of pre-honed inserts is preferred to hand honing although sometimes an
additional amount of honing is required. Hand honing of carbide tools in between cuts is
sometimes done to defer grinding or to increase the life of a cutting edge on an indexable
insert. If correctly done, so as not to change the relief angle, this procedure is sometimes
helpful. If improperly done, it can result in a reduction in tool life.

Chip Breaker Grinding.— For this operation a straight diamond wheel is used on a uni-
versal tool and cutter grinder, a small surface grinder, or a special chipbreaker grinder. A
resinoid bonded wheel of the grade J or N commonly is used and the tool is held rigidly in
an adjustable holder or vise. The width of the diamond wheel usually varies from 1⁄8 to 1⁄4
inch. A vitrified bond may be used for wheels as thick as 1⁄4 inch, and a resinoid bond for
relatively narrow wheels.

Summary of Miscellaneous Points.—In grinding a single-point carbide tool, traverse it
across the wheel face continuously to avoid localized heating. This traverse movement
should be quite rapid in using silicon carbide wheels and comparatively slow with dia-
mond wheels. A hand traversing and feeding movement, whenever practicable, is gener-
ally recommended because of greater sensitivity. In grinding, maintain a constant,
moderate pressure. Manipulating the tool so as to keep the contact area with the wheel as
small as possible will reduce heating and increase the rate of stock removal. Never cool a
hot tool by dipping it in a liquid, as this may crack the tip. Wheel rotation should preferably
be against the cutting edge or from the front face toward the back. If the grinder is driven
by a reversing motor, opposite sides of a cup wheel can be used for grinding right-and left-
hand tools and with rotation against the cutting edge. If it is necessary to grind the top face
of a single-point tool, this should precede the grinding of the side and front relief, and top-
face grinding should be minimized to maintain the tip thickness. In machine grinding with
a diamond wheel, limit the feed per traverse to 0.001 inch for 100 to 120 grit; 0.0005 inch
for 150 to 240 grit; and 0.0002 inch for 320 grit and finer.
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