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Bandsaw Cutting: A Practical Guide 
 

 Traditionally, most people in the metalworking industry have regarded the sawing operation as a 
necessary evil, something in the same category as sweeping up chips. The principals of bandsaw 
cutting have not been widely known. The resulting approach too frequently has been, “Just stick 
the material in the machine and chop it off.”  

As knowledge of bandsaw cutting increases with publications such as this one, wise shop owners 
are beginning to realize that sawing is a legitimate operation, much like the more obvious lathe 
or mill operations.  
 
Under the right conditions, in-house sawing has the potential of actually MAKING MONEY, but 
a foundation consisting of certain factors must be established.  
 
First the selection of a saw which will provide superior performance in terms of unit cost, 
overhead cost, and long range profitability. Second the ability to maximize the efficiency of 
bandsaw cutting in terms of time, accuracy, and blade life; and third, is the knowledge of the 
elements affecting the physical operation of cutting, such as blade speed, material composition, 
feed rate, and cutting pressure. 
 
 
This booklet has been designed to give instructions in these areas and answer other important 
questions. If you should have more specific questions, please let us know. We will be happy to 
answer your questions with specific information tailored to your particular requirements.  

 

 

 Doug Harris 
President/CEO of HE&M Saw 
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Saw Design 
 
Satisfactory and profitable cutting performance is determined by a wide variety of factors, most 
of which involve the design and construction of the saw. The first objective of proper saw design 
is straight cutting because this permits work to be done with a minimum of reprocessing, 
material waste, and rejects. Straight cutting is so important to profits that it almost goes without 
further comment. Let’s take a look at a few of the more important saw design features and how 
they affect straight cutting and blade cost. 
 

Types of Saws 
Horizontal Column Saws 
Column of “guillotine” type saws must be extremely rigid to prevent flexing when the arm is at 
maximum capacity. The saw arm must also be massive and strong, to reduce flex and to permit 
proper blade tension. Vibration is also reduced with more massive arm structure and wheels. The 
columns themselves should be perfectly aligned and parallel to ensure straight cutting at any 
height. The columns themselves should be perfectly aligned and parallel to ensure straight 
cutting at any height. The saw arm guiding design is very critical. The arm columns must be 
parallel or they will twist as the saw arm raises and lowers, binding the saw arm guides. Control 
of the arm while cutting is also important. Ease of adjustment of traverse rate and cutting force is 
critical to achieve a wide range of cutting options. 
 
Horizontal Scissor-Type Saws 
Since the saw arm holds the blade guides and blade, it follows that it is critical to the control of 
the blade. The saw arm must have adequate mass and beam strength to avoid flexing. It must 
anchor the blade guide arms in order to prevent their getting out of alignment, and must permit 
proper blade tension. It must also pivot from the proper location on a pivot which allows no 
lateral motion. Again, look for a heavy arm of sturdy construction. Look for a pivot as far from 
the work as possible and at the level of the work in order to minimize the weight shift factor. 
And look for a pivot bearing which has no play. 
 
Vertical Saws 
Vertical saws have several advantages over column or scissor machines. The saw itself can take 
up less floor space than a horizontal saw with the same capacity, and provides for angle cutting. 
HE&M vertical saws provide angle cutting up to 60 degrees in both directions, giving nearly 
unlimited versatility. The work height is higher than horizontal saws, which can also be a benefit. 
Construction of vertical saws is substantially different from the horizontal machines. The arm 
itself must, like the horizontal saws, have enough mass and strength to allow for proper blade 
tension, to eliminate twisting and to reduce vibrations. The requirements for supporting the arm 
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section include the ability to tilt in both directions, and to allow the arm to move freely through 
the full capacity. This is best accomplished by having the guiding system integrated from the arm 
pivot section back to the rear support area. This gives not only a rigid (yet tiltable) arm, but also 
keeps the guide system away from the chips and the cutting fluid area. 
 

Saw Features 
Another objective of good saw design is maximum production efficiency which includes the 
greatest reliability, ease of adjustment and repair, and the best possible return of investment. 
What should you look for in order to obtain these benefits? Here are a few specific HE&M Saw 
design features which have a direct effect on performance. 
 
Blade Guides 
Absolute square-ness of the blade is essential to straight cutting. It cannot be obtained by the use 
of roller guides since they act as pivotal contacts rather than an anchored supports. A flat guide 
that squeezes the blade to keep it absolutely vertical and to align it in the horizontal plane 
appears to be the best method or keeping the blade square. The blade guides must, of course, be 
positioned as closely to the work as possible. And they must be held rigidly by guide arms which 
have a large section modulus and adequate mass. Look for adequate weight and dimensions in 
the guide arms themselves. 
 
Cut Watcher 
The Cut Watcher holds the blade in positions and watches for deviation. If the blade begins to 
cut crooked the saw automatically shuts off. The Cut Watcher can prevent the loss of a part. 
Checking for damaged or dull blades prevents errors. 
 
Cutting Fluid Control 
The quality and distribution of the cutting fluid is a major factor in preventing crooked cuts. 
Simply squirting the cutting fluid against one side of the blade or dribbling it on the top 
invariably results in uneven cutting fluid distribution with the effect of dulling one side of the 
blade and causing crooked cuts. A more satisfactory system is one which pumps the cutting fluid 
into the blade guides on each side of the blade. This permits the blade to carry the cutting fluid 
into the cut on both sides where it can adequately fulfill its function. By injecting cutting fluid 
into both the leading and the following blade guide, the blade is also cooled and cleaned before 
and after the cut. 
 
Saw Arm Control 
A horizontal saw arm with gravity down feed design must be very heavy. Because of this design, 
precise control of the feed rate and the cutting pressure is absolutely essential to maximum 
cutting speeds and long blade life, both of which are required for profitable cutting. 
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Blade Cleaning 
Positive mechanical cleaning of the blade teeth prevents the work hardened chips from being 
carried into the cut on the blade’s next rotation, which would cause crooked cutting and 
excessive blade wear. A stationary brush quickly loses its effectiveness, while one which turns 
too fast will require constant replacement. The best system is one in which the brush speed is 
directly proportional to the blade speed, turning just rapidly enough to clean each tooth. 
 
Blade Speed Control 
The speed of the blade should be suitable to the blade design and the material being cut. If only 
one type of material were ever to be cut, a single speed would be adequate. However, since most 
saw users will use their saw to cut a wide variety of materials, an infinitely variable speed control 
should be included in the drive system. 
 
Operator Convenience and Safety 
Efficient operation requires rapid set up and convenience for the operator during the cutting 
process. Automation of the feeding and cutting operations can provide significant savings by 
allowing the operator to perform other duties during repetitive cutting operations. Look for a saw 
with controls grouped conveniently where the operator can reach them without moving from a 
central control station and without endangering himself by reaching near the blade or the stock. 
Remember, too, that if an operator dislikes a particular piece of equipment, he will work less 
efficiently, have a higher reject rate and be more likely to damage the equipment. 
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Blade Selection 
Proper blade selection for the material type, shape, and size is critical for successful cutting 
results. Each blade manufacturer has their individual blade designs and configurations, but there 
are general “rules of thumb” that go a long way to prevent problems. 

The tooth design variables include tooth shape, tooth set, tooth pitch, and type of blade. The 
combination of these variables will determine whether the blade can move easily through your 
material without binding or becoming clogged with chips. 

 

 

4. Set - The bending of the teeth to right or left to allow clearance of the back through the cut. 

5. Tooth - The cutting portion of a saw blade. 

6. Tooth Pitch - The distance from the tip of one tooth to the tip of the next tooth. 

7. T.P.I. - The number of teeth per inch. 

8. Gullet - The curved area at the base of the tooth. 

9. Gullet Depth - The distance from the tooth tip to the bottom of the gullet. 

10. Tooth Face - The surface of the tooth on which the chip is formed.  

11. Tooth Back - The surface of the tooth opposite to the tooth face. 

12. Tooth Rake Angle - The angle of the tooth face measured with respect to a line 
perpendicular to the cutting direction of the saw. 

13. Tooth Tip - The cutting edge of the saw tooth 
 

 

Basic Blade Information 

Blade Components: 

1. Blade Back – The body of the 
blade not including tooth portion. 

2. Thickness - The thickness of the 
blade. 

3. Width - The nominal dimension 
of a saw blade as measured from the 
tip of the tooth to the back of the 
band. 
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Tooth Shape 
The shape of the tooth’s cutting edge affects how efficiently the blade can cut through a piece of 
material while considering such factors as blade life, noise level, smoothness of the cut and chip 
carrying capacity. There are three basic tooth styles in bandsaw blades, Regular (also known as 
Standard), Skip, and Hook. The three styles are shown here: 

 

 

 

Standard Tooth – This is a straight faced tooth with deep gullets to rake out chips. It is used for 
general metal cutting with a straight (zero) rake. 

Skip Tooth – Similar to the hook tooth, but characterized by a straight 90° tooth and a sharp 
angle at the junction of the tooth and gullet to break up chips, this type is best suited for soft, 
nonferrous metals, plastics, and wood. 

 Hook Tooth – This type has deep gullets and widely spaced teeth with a 10° rake that helps to 
dig in and take a good cut, while the gullets curl the chips. This type is good for cutting hard 
nonferrous alloys, nonmetallic, plastics, and wood. 

 Variable Tooth (Bi-Metal Only) – Variable tooth blades have teeth with varying angles and 
gullet depths. The variable tooth cutting edge reduces vibration while the back absorbs the 
impacts of cutting in and out of hole slots and narrow webs. This is the best all-purpose blade for 
production work and for general shop cut-off and contouring. Used for cutting off solid bar stock 
and especially structural.  
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Tooth Set 
The number of teeth and the angle at which they are offset is referred to as “Tooth Set”. The 
Tooth Set affects cutting efficiency and chip carrying ability. The “Set” on a blade can best be 
seen looking down on the teeth. 

Raker Set 

 (Top View of Teeth) 

Raker Set is the most common and consists of a pattern of one tooth to the left, one to the right 
and one (the raker) which is straight, or unset. This type of set is generally used where the 
material being cut is uniform in size, and for contour cutting.  

 
Wavy Set 

 (Top View of Teeth) 

Wavy Set has groups of teeth set alternately to the right and left, forming a wave-like pattern, 
separated by unset rake teeth. This reduces the stress on each individual tooth. It is made 
primarily with small teeth making it suitable for cutting thin material or a variety of materials 
when blade changing is impractical. Wavy set is often used where tooth breakage is a problem. 
Wavy set is typically used with fine pitched products to reduce noise, vibration and burr when 
cutting thin, interrupted applications. 

 
Variable Set 

 (Top View of Teeth) 

Variable tooth spacing and gullet capacity of this design reduces noise and vibration, while 
allowing faster cutting rates, long blade life and smooth cutting rates. They have alternating sets 
of different size teeth to provide both a fast and smooth finish cut.  

 
Alternate Set 

 (Top View of Teeth) 

Every tooth set in an alternating sequence to the left and right. There is no raker tooth. Used for 
quick removal of material when finish is not critical. 
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Tooth Pitch/TPI 
Pitch is defined as the number of teeth per inch (TPI). The number of teeth that come in contact 
with the workpiece can affect both blade performance and durability. Too few teeth in contact 
with the work can lead to early tooth strippage. On the other hand, too many teeth can greatly 
reduce cutting rates and ultimately make the material impossible to cut. Lower cutting rates 
mean less penetration per tooth, causing more rubbing than cutting, which can result in 
substantial work hardening of the material. 

 

 

 

 

 

 

 

 

 

Types of Blades 
There are many types of blade materials used, ranging from carbon to carbide. Bandsaw blades 
must meet two requirements: flexibility and hardness. The flexibility of a blade allows it to travel 
on the wheel as a band, while hardness allows the teeth to cut and hold an edge. Modern 
materials and technology has allowed bandsaw blades to meet these requirements in various 
ways. Each specific blade material has its own application. All blades have their particular 
advantages. 

Carbon Blades: 

These blades are differently heat treated to provide hard teeth that will hold an edge, and yet be 
flexible in the back. 

Constant Pitch – The distance from 
one tooth tip to the next tip, gullet 
depth, and rake angle are uniform 
throughout the full length of the 
blade. Constant pitch can increase 
harmonic vibrations. Harmonics 
vibrations can lead to excessive 
noise, undesirable saw or saw blade 
vibrations and in severe cases bad 
cuts. 

 

Variable Pitch – has various tooth sizes and 
gullet depths to reduce noise and vibration when 
cutting structural, tubing, and solids. The 
lowest/highest pitch on the blade is signified by 
two numbers. The purpose of this type of tooth 
spacing is to prevent vibration. When cutting 
narrow shapes, more teeth per inch will be 
required to prevent damaging the blade. Wider 
shapes will require a coarse blade with fewer 
teeth per inch. 

 



viii 
 

                          

 

 

 

 

 

 

 

Bi-Metal Blades – A strip of high-speed tool steel is electron beam welded to a flexible 
carbon blade, the teeth are then ground into the blade to provide good edge-holding qualities 
for blades taking a lot of abuse. There are many variations of this construction to provide the 
best combination of cutting performance and durability. The high-speed steel teeth on a bi-
metal blade are harder and more heat resistant than those on flex-back or hard-back blades. 
The Bi-Metal blade has the greatest versatility and utilization in the metal sawing business. 
Bi-Metal blades come in many configurations, however they typically consist of tool steel 
(M30 - M42 and M42 – M51). 

Applications 
• Most metalworking applications 
• Carbon Steels 
• Alloy and Tool Steels 
• Stainless Steels 
• Nickel Brass Alloys 
• Woodworking 
 

Flex Back – A one-piece blade made of carbon steel with a hardened tooth 
edge and soft back. Flex back blades have a high carbon content that allows 
the teeth to be hardened after they are ground. This makes for a durable 
blade that can withstand the heat and abrasion from sawing. 

 

Hard Back – A one-piece blade made of carbon steel with a hardened back 
and tooth edge. Hard back blades are better able to withstand the rigors of 
sawing because they have hardened teeth and backs. This produces a 
somewhat stiffer blade that tracks well when sawing wide workpieces. The 
hard back also wears better against the thrust bearing of the bandsaw. 
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The most common type of blade is the Bi-Metal M42, Variable-Pitch blade. The blade begins a 
cut at one side of the material. Each tooth is an individual tool, removing material in a manner 
similar to a chisel that is scraping across the material and producing a small chip. The material 
being removed is stored in the gullet of the blade and is not able to be evacuated from the gullet 
until the blade leaves the material. Always remember that the smallest tooth has the smallest 
gullet, and therefore is the smallest area to collect the material being removed. So the smallest 
tooth of the tooth configuration is what determines what size of material is appropriate for that 
blade and the rate that the material can be cut. 

To grasp the importance of proper blade selection, think about the difference between using an 
electron welded blade costing $50.00 for one day compared to using the blade for two days. On 
the basis of a five day week, fifty weeks per year, a machine that uses one blade per day will 
require $12,500 in blades per year. However, a machine that will extend the life of the blade to 
two days will only require $6,250 in blades. In less than 5 years the savings in blade costs alone 
would pay for a $30,000 saw; and this does not even take into account factors such as reduced 
labor time, a lower reject rate, or less material waste due to dull blades. 
 

 
 

Applications 
• Stainless Steels 
• Nickel Base Alloys 
• Titanium Alloys 
• Abrasive Materials 
• Tropical Hardwoods 
 

Carbide Ground Tooth: 

Teeth are formed in a high strength spring steel alloy backing material. Carbide is bonded to 
the tooth using a proprietary welding operation. The tooth tips are formed in a high strength 
spring steel alloy backing material. Carbide is bonded to the tooth using a proprietary welding 
operation. Tips are then side, face and top ground to for the shape of the tooth. The result is a 
durable, fatigue resistant blade with the ability to withstand the heat generated when cutting 
steel and other alloys. This type of blade permits the cutting of extremely abrasive or hard 
materials. In the right application, carbide blades with their ground teeth will provide a better 
finish and higher production rates than more conventional sawing methods. 
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Factors Affecting Blade Performance 
Blade Break-In 
Proper blade break-in procedures immediately after the installation of a new blade goes a long 
way to improving the performance and life of the blade.    

1. Set blade speed according to material type and size. 

2. Reduce the cutting pressure on the blade to the minimum required to achieve cutting. 

3. Gradually increase the cutting rate until the desired square inches per minute is achieved. 
 
Blade Tension 
Blade tension is an important factor in straight cutting. Adequate tension prevents the center of 
the blade from being deflected to the side, causing a crooked cut. It also prevents the blade from 
achieving reduced penetration of the teeth in the center of the cut. From the cutting standpoint, 
the more tension, the better. The limiting factor is blade strength. 
 
Dull Blades 
A dull blade cannot be expected to cut straight. In addition, a dull blade will not cut efficiently. 
As the blade gets dull, it penetrates more slowly and it generates more heat. The additional heat 
tends to dull the blade more quickly, as the blade continues to dull it will generate even more 
heat, and so on. Soon the teeth will fail and the blade won’t cut at all, or it will make crooked 
cuts. Since a dull tooth cannot be detected by the naked eye, cutting time is the most reliable 
indication of a dull blade. Typically, as a blade begins to dull, the cutting time will begin to show 
a significant increase. It is possible (but not economical) to leave the blade on until cutting time 
has increased to two or even three times the normal time. But maximum efficiency and straight 
cutting require that the blade be changed as soon as the dulling begins to become apparent.  

It is worth noting that if a blade is too dull to cut stainless or similar materials efficiently, it may 
still be satisfactory to use in mild steel. However, a blade which is too dull for mild steel will not 
be satisfactory in aluminum. 
 
Blade Vibration 
It comes as no surprise that a dull blade will cause problems. But it is also true that a very sharp 
blade can be the source of cutting issues- namely vibration.  

Blade vibration is caused when a very sharp point (a blade tooth) enters the material. A force is 
required to make the tooth penetrate the material; the resisting force causes the blade to rise up 
slightly at the time of contract. The raising and lowering of the blade will cause vibration. 
Excessive vibration will greatly reduce blade life and will also cause excessive wear on other 
parts of the saw. This may also cause the blade to break. As the blade begins to dull just slightly, 
the points of the teeth stop digging in and the vibrations stops. Now the teeth must be pushed 
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into the material by the saw, permitting proper cutting pressure to be applied. To eliminate blade 
vibration, increase blade tension and/or the feed rate, change the blade speed or use a different 
tooth form. Blades with variable tooth spacing may be very helpful in eliminating vibration in 
some applications. Spacing the guides farther apart will allow the blade to vibrate freely in the 
cut without the vibration being transferred to the sawing machine. When doing this the vibration 
will appear to stop, but the blade is still vibrating. Blade control is reduced with this wider 
spacing. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Factors Affecting Blade Performance 

1.  Tough material can tear the teeth out of the blade because the load on each tooth can 
exceed the shear strength of the tooth. 

2. Hard material will require heavy feed pressure per tooth for penetration. A coarse tooth 
blade will give better tooth performance. 

3. For fragile materials such as cast iron, a fine tooth blade works best. 

4. Work hardening material requires a very heavy feed pressure to prevent the blade from 
riding on top of the material and dulling the teeth. Again, a coarse hook tooth blade works the 
best. 

5. Abrasive material will appear to cut easily, but will dull the blade quickly. 

6. A blade which is too dull to cut tough material like stainless steel may cut mild steel 
satisfactorily. 

7. Proper cutting fluid for the material being cut will substantially increase blade life. 
Incorrect cutting fluid often results in crooked cuts or damaged blades. 

 



xii 
 

MACHINABILITY OF MATERIAL 

The term "machinability" is defined as the ease with which a metal can be machined when 
compared to 160 Brinell B 1112 free machining low carbon steel. If B 1112 represents a 100% 
rating, then materials with a rating less than this level would be decidedly more difficult to 
machine, while those that exceed 100% would be easier to machine. Although tough or abrasive 
materials are much harder to cut than their machinability rating would indicate. 

There are many factors that affect the machinability of material. Factors affecting machinability 
include tool material, feeds, speeds, cutting fluids, and the microstructure, grain size, heat 
treatment, chemical composition, fabrication methods, hardness, yeild strength, and tensile 
strength of the workpiece. Other factors aside, it is primarily the structure of the metal or 
physical properties of metal which determines its resistance to the cutting action of the tool. 
Physical properties of metal include Strength, Elasticity/Stiffness, Brittleness/Ductility, Density, 
Conductivity (Electrical and Thermal), Stability (Chemical, Corrosion, Food Safety), 
Machinability/Weldabilty, Cost, Combustibility, Melting Point, and Thermal Expansion 

Carbon Steel 
Carbon steel, or plain-carbon steel, is a metal alloy. It is a combination of two elements, iron and 
carbon. Steel with low carbon content has the same properties as iron, soft but easily formed. As 
the carbon content rises the metal becomes harder and stronger but less ductile and more difficult 
to weld. Higher carbon content lowers steel's melting point and its temperature resistance in 
general. Plain carbon steels are numbered in a four-digit code according to the AISI. The last two 
digits of the code indicate the carbon content of the material in hundredths of a percentage point. 
For example, a 1018 steel has 0.18% carbon content. Plain Carbon Steel varies in its 
machinability. This is because the machinability is primarily dependent on the carbon content of 
the steel, and how the steel has been heat treated.  

Carbon steels contain trace amounts of alloying elements and account for 90% of total steel 
production. Carbon steel can be further categorized into four groups depending on their carbon 
content; low-carbon steel, medium carbon steel, high-carbon steel, and very high-carbon steel.  

• Low-Carbon Steel 0.05% to 0.25% carbon content, low-carbon steel is soft, ductile, and 
gummy. This gives it a lower machinability rating. It is less strong but cheap and easy to 
shape. 

• Medium-Carbon Steel 0.29% to 0.54% carbon content, medium-carbon steel balances 
ductility and strength and has good wear resistance. 

• High-Carbon Steel, also known as Carbon Tool Steel, 0.55% to 0.95% carbon content, 
high-carbon steel is very abrasive, strong and increasing hardness making it extremely 
difficult to cut or bend and a lower machinability rate.  After being heat treated, high 
carbon steel is incredibly hard and brittle.  
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• Very High- Carbon Steel, also known as high-speed steel (HSS), has a carbon content 
of 0.70% - 1.5%. High-speed tool steel is superior because it can withstand higher 
temperatures without losing its temper (hardness). This property allows HSS to cut faster 
than high carbon steel, hence the name high-speed steel. At room temperature, in their 
generally recommended heat treatment, HSS grades generally display high hardness  

 

High carbon steels are difficult to machine because they are tough and they may contain 
carbides. Carbides present in steel puts wear on the cutting tool. On the other hand, low carbon 
steels are troublesome because they are too soft. Low carbon steels are “gummy” and stick to the 
cutting tool, resulting in a built-up edge that shortens tool life. Therefore, medium carbon steel is 
typically the choice for best machinability. 

 
Alloy Steel 
Alloy steel is steel that is alloyed with a variety of elements in total amounts between 1.0% and 
50% by weight to improve its mechanical properties. Alloying elements are added to change 
mechanical or physical properties. The physical property enhancements include improved 
toughness, tensile strength, hardenability, (the relative ease with which a higher hardness level 
can be attained), ductility and wear resistance. The use of alloying elements can also alter the 
final grain size of heat-treated steel, which often results in a lower machinability rating of the 
final product.  

Different alloying elements have specific effects on the properties of a stainless steel. There are 
around 26 elements used alone or in combinations to make alloy steels. Below is a list of 
commonly used alloying elements and their effect on steel (standard content in brackets): 

• Chromium (Cr): (0.5-18%): A key component of stainless steels. At over 12 percent 
content, chromium significantly improves corrosion resistance.  This metal also improves 
hardenability, strength, response to heat treatment and wear resistance. 

• Aluminum (Al): (0.95-1.30%): If added in substantial amounts aluminum improves 
oxidation resistance and is used in certain heat-resistant grades for this purpose. In 
precipitation hardening steels, aluminum is used to form the intermetallic compounds that 
increase the strength in the aged condition. Used to limit the growth of austenite grains. 

•  Cobalt (Co): Increases hardness and tempering resistance, especially at higher 
temperatures. 

• Copper (Cu): (0.1-0.4%): Most often found as a residual agent in steels, copper is also 
added to produce precipitation hardening properties and increase corrosion resistance. 
High copper alloys tear easily, but are also tough and abrasive. This makes them difficult 
to machine. 

• Manganese (Mn): (0.25-13%): Increases strength at high temperatures by eliminating 
the formation of iron sulfides. Manganese also improves hardenability, ductility and wear 
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resistance. Like nickel, manganese is an austenite forming element and can be used in the 
AISI 200 Series of Austenitic stainless steels as a substitute for nickel.  

• Molybdenum (Mo): (0.2-5.0%): Found in small quantities in stainless steels, 
molybdenum increases hardenability and strength, particular at high temperatures. Often 
used in chromium-nickel austenitic steels, molybdenum protects against pitting corrosion 
caused by chlorides and sulphur chemicals. 

• Nickel (Ni):  (2-20%): Nickel is added at over 8% content to high chromium stainless 
steel. Nickel increases strength, impact strength and toughness, while also improving 
resistance to oxidization and corrosion. It also increases toughness at low temperatures 
when added in small amounts. 

• Titanium (Ti): Improves both strength and corrosion resistance while limiting austenite 
grain size. At 0.25-0.60 percent titanium content, carbon combines with the titanium, 
allowing chromium to remain at grain boundaries and resist oxidization. 

• Tungsten (W): Produces stable carbides and refines grain size so as to increase hardness, 
particularly at high temperatures. 

• Vanadium (V):  (0.15%): Like titanium and niobium, vanadium can produce stable 
carbides that increase strength at high temperatures. By promoting a fine grain structure, 
ductility can be retained. 

• Zirconium (Zr): (0.1%): Increases strength and limits grains sizes. Strength can be 
notably increased at very low temperatures (below freezing). Steel's that include 
zirconium up to about 0.1% content will have smaller grains sizes and resist fracture. 

• Chrome-Nickel is used to increase ductility, toughness, and wear resistance. However, it 
distorts easily, has a decreased stability under heat, and is gummier to machine. 

• Chrome-Molybdenum in comparison to Molybdenum alone has an increased hardness, 
and wear resistance, but a decreased ductility. 

• Chrome-Vanadium increases tensile strength, wears resistance, and in comparison to 
Chrome-Nickel has an increased hardness, impact strength, and toughness. However, it is 
not brittle and gummy to machine. 

• Nickel-Molybdenum has similar qualities to chrome-molybdenum only with an 
increased toughness. 

 

Sulphur and Lead Additives 

Additives reduce the metallic contact between the tool and work material, hence, they 
reduce friction and tool wear rates. There are a variety of chemicals, both metal and non-
metal, that can be added to ferrous and non-ferrous metals to improve machinability. 
These additives may work by lubricating the tool-chip interface, decreasing the shear 
strength of material, or increasing the brittleness of the chip. Historically, sulphur and 
lead have been the most common additives.  
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Sulphur is added to certain stainless steels to increase their machinability. At the levels present 
in these grades, sulphur slightly reduces corrosion resistance, ductility, weldability, and 
formability. Slightly increased sulphur content also improves the weldability (0.08-0.15%): 
Added in small amounts, sulphur improves machinability without resulting in hot shortness. 
With the addition of manganese hot shortness is further reduced due to the fact that manganese 
sulfide has a higher melting point than iron sulfide.   

Lead Additives (0.15 to 0.35%) can improve the machinability of steel because it acts as an 
internal lubricant in the cutting zone. Since lead has poor shear strength, it allows the chip to 
slide more freely past the cutting edge. When it is added in small quantities to steel, it can greatly 
improve its machinability while not significantly affecting the steel’s strength. Although virtually 
insoluble in liquid or solid steel, lead is sometimes added to carbon steels via mechanical 
dispersion during pouring in order to improve machinability. 

 

Stainless Steel 

Stainless steel is notable for its corrosion resistance. It does not readily corrode, rust or stain with 
water as ordinary steel does. However, it is not fully stain-proof in low-oxygen, high- salinity, or 
poor air-circulation environments. Stainless steels have poor machinability compared to regular 
carbon steel because they are tougher, gummier and tend to work harden very rapidly. Slightly 
hardening the steel may decrease its gumminess and make it easier to cut. Stainless steel differs 
from carbon steel by the amount of chromium present. Stainless steels generally contain between 
10-20% chromium as the main alloying element and are valued for high corrosion and rust 
resistance. With over 11% chromium, steel is about 200 times more resistance to corrosion than 
mild steel. The reason why stainless steel is resistant to corrosion and rust is because the 
chromium forms a film of chromium oxide, which blocks oxygen diffusion from the surface and 
prevents corrosion from getting into the internal structure.  

 

Stainless steel is at least 10% chromium by mass and is organized into 5 categories: 

• Austenitic – 300 Series 
• Ferritic – 400 Series 
• Martensitic - - 400 Series 
• Duplex – 50% Ferritic and 50% Austenitic 
• Precipitation Hardening – Grade 630 

All of these are difficult to machine (Excluding Ferritic). 
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Feed Rate and Cutting Pressure 
The most efficient cutting is accomplished by the proper balance between cutting pressure and 
traverse rate (feed rate). Soft, low strength materials present different difficulties than hard, high 
strength materials. In soft, low strength material, pulling the teeth off the blade is unlikely, but over‑
filling the gullet may occur. With high strength material, pulling the teeth off the blade is a major 
problem. Carbide blades present other difficulties because of its shock sensitivity, and sensitivity to 
pulling the teeth off. The feed rate must be set right in order not to over-stress the teeth. 

Traverse Rate: (Feed Rate): is used to maintain a uniform speed through the material. The 
pressure on the saw teeth will vary during the cut. 
 
 

 

 

 

 

 
 
 
 
Cutting Pressure: is used to maintain the best cutting rate in all shapes, also for ease in setup. 
But, the traverse rate will vary as the cross section varies. 

 

 
 

 

 

 

 

 

Advantages: 
1. Uniform chip thickness 

2. As the blade teeth get dull the 
chip thickness will remain 
constant. 

3. If the material work-hardens the 
blade will be forced into the 
material. 

4. Cutting time will remain 
constant. 

Disadvantages: 
1. Slower cutting time in non-uniform cross sections. 

2. As the blade teeth get dull the blade may cut 
crooked. 

3. When the blade teeth are too dull the cut the blade 
will stall and slip on the wheel. 

4. Each different width material will require a 
different traversing rate. The operator must make the 
change or the teeth may be over-loaded. It is best to 
have a “maximum-force-allowed” safety device on 
traversing rate saws. 

Advantages: 

1. Gullet loads are more consistent. 

2. Best cutting rates in shapes. 

3. Cutting rate slows as the blade dulls 
thereby maintaining a straight cut. 

4. Ease of set up. Changing the width 
of the material does not require a 
change in cutting pressure, as the 
material gets wider the traversing rate 
of the saw slows but the square inches 
per minute cut remains the same. 

Disadvantages: 

1. In thin sections the chip load may be too large 
and the teeth may pull out. 

2. In work hardening material the saw teeth may 
quit penetrating, and the material may work 
harden under the teeth. The saw will stop 
cutting. 

3. Cutting time will slow as the blade becomes 
dull. 

4. Different tooth configurations may require a 
different pressure.  
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Constant Feed – Many saws use a constant speed feed rate control to regulate the rate at which 
the blade travels through the material. Regardless of the variables encountered while cutting, the 
blade will move at a constant rate. This method either does not cut straight, or it doesn’t cut 
quickly. It cannot compensate for hard spots, soft spots or a worn blade. It abuses the blade in 
many ways. In soft materials it tends to overfill the gullets. If the feed rate is too slow it can wear 
the ends of the teeth off. It provides no feedback to the saw. 
 
CONSTANT FEED- VARIABLE FORCE 

 

 

Constant Force – Another method is to use a constant force between the blade and the material. 
This allows the saw to slow down when hard sots or a dull blade is encountered. However, this 
approach does not work well when the cross sectional area is reduced during the cut. The force 
exerted becomes too great for thin sections. 

 

CONSTANT FORCE - VARIABLE FEED  

 

 

Note: It is best to have a 
“maximum-force-allowed” 
safety device on traversing 
rate saws. 

 In round bars the center is 
the danger zone. 

 

Note: It is best to have a 
maximum traversing speed 
adjustment with the cutting 
pressure control.  

In round bars the top and 
bottom are the danger zone. 
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The HE&M Sawing System – The HE&M Saw System uses a dual control system to achieve a 
near constant cutting rate (square inches per minute) and the fastest and straightest cutting 
possible for all conditions. The blade provides feedback to the saw, telling the saw how to cut. 
To do this the pressure that the blade exerts on the material is controlled. As the material cross-
section increases, the rate that the saw arm falls decreases and vice versa. The result is a constant 
cutting rate in square inches per minute and a much straighter cut. 

In addition to the pressure control, the HE&M Saw System has control to regulate the maximum 
rate that the blade travels through the material. This control is used to regulate the rate at which 
the blade enters the material and also to prevent the blade from moving too fast through thin 
sections. 

There is a relationship between cutting rate, blade wear, and cutting straight. In general the faster 
the cut the faster the blade wear and the less straight the cut. You will have to determine the 
cutting rate you wish to use based on the blade costs, the accuracy required, the labor rates, etc. 

NINE FACTORS THAT AFFECT CUTTING 

Below are graphs that pictorially show some of the interdependency of accuracy, blade life, 
cutting rate, finish, band speed, cutting fluid and other factors that affect your sawing operation.  
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Blade Speed and Feed Rate  
Blade speed is generally limited by vibration and by the ability to keep the blade sufficiently cool 
to avoid dulling the teeth. A blade which is running fast and taking a very shallow cut will dull 
quickly because the tips of the teeth will overheat from the rubbing action. If, however, we force 
the blade teeth deeper into the material, the blade will be less sensitive to heat because the teeth 
are cutting more and rubbing less. This increased pressure may also prevent vibration. Thus, up 
to a point, a higher pressure on the blade may actually permit higher blade speeds. 

If we have a sharp tooth with a .0002 radius on the tip, and we apply only enough force to cause 
penetration of .0002, the tooth will not penetrate and cut. If, however, we apply enough force to 
cause penetration of .001, the tooth still has .0008 of a sharp edge to cut with. This is similar to 
the “dull tip effect” observed frequently in lathe and milling operations. When making a finish 
cut with a dull tool, a fine adjustment may make no cut at all, but additional fine adjustments will 
cause the tool to dig in deeply.  

On the other hand, if we apply too much penetrating force, the teeth will be ripped out of the 
blade. The maximum feed rate is determined by the saw, material size, material shape, guide 
spacing, cutting fluid, and the size and shape of the teeth. The greater the blade speed, the greater 
the feed rate can be, up to the limits imposed by the factors previously discussed.  

Thus, for each blade and material being cut, there is an optimum balance between blade speed 
and feed rate. This rate will give maximum blade life and most satisfactory cutting. 

In general, we recommend: 

1. Coarse tooth blade so that each tooth has adequate force on it. 
2. Guides set close to the work to permit relatively heavy feed pressure and still control the 

blade. 
3. Carefully controlled feed rate to prevent the teeth from tearing out. 

 
Setting Feed Rate 

This control sets the rate the arm moves when it enters the material or when cutting through thin 
sections. When set properly it has no effect on the cutting pressure or how fast the arm will raise. 
When cutting solid materials, its primary function is to keep the saw from entering the cut too 
fast. When “in the cut” on solid material, the feed rate could be wide open. However, any setting 
that allows the arm to move faster through free air than it cuts through material will allow the 
cutting pressure to control the saw arm. If the saw is set as described, the cutting speed through a 
material at a particular cutting pressure can be determined. 



xx 
 

When cutting structural shapes the feed rate valve is set so that the arm will not move so fast as 
to damage the blade when moving through thin sections of the material. When cutting other 
materials the feed rate regulates how fast the saw will move through thin sections. Normally, the 
feed rate is first set so that the blade will not be damaged as the blade contacts the material. Then 
when it enters the thin section, it is reset to the desired cutting speed. It is now properly set for 
entering and cutting that material. It is not necessary to reset so long as the same material is 
being cut. 

 

Assume that the cutting pressure has been set for cutting the full width of the material. This is the 
normal setting. As the blade cuts through the wide section as in position 1, everything is all right, 
but as the blade enters the narrow section, as in position 2, the area being cut decreases. Since the 
force on the blade is still the same but the area has decreased, the loading in the teeth will 
increase. The speed that the arm is moving will also increase. If the tooth loading and rate of 
travel increase too much, the teeth will be ruined. To prevent this, the feed rate sets the 
maximum speed by reducing the cutting force on the arm. A pressure drop across the feed rate 
valve is developed which then reduces the force on the arm and slows the cutting. This prevents 
blade damage. When cutting high strength material, it is very important to take the correct size 
chip. Therefore, the speed of entry is critical, especially when the material is round or a corner is 
the starting point. 

For example: In a case as described above, the first teeth entering the cut would be taking a chip 
too large. The tooth would be damaged, stripping the tooth out of the blade, dulling it, or 
fracturing the cutting edge. If this occurs the part will most likely be cut, but the number of 
pieces that the blade can cut will be reduced. 

  

 

Position 1 

 

Position 2 
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Reading the Material Chip 
The Chip forming process happens when the tooth tip penetrates the workpiece and shears off a 
continuous chip of metal at varying cutting forces, angles and temperatures. By interpreting chip 
size, sharp, color, and direction, you will know how effectively your tools and machine are 
performing. 

Material Chips indicate how the saw is performing. Classification of the material being used will 
determine the appropriate chip appearance.  

Learning to “Read the Chips” is critical to obtaining the optimum cutting pressure on a HE&M 
Saw and maximizing blade life. When using a variable tooth blade the smallest tooth gullet is the 
limiting factor to how hard you can push the blade through the material using cutting pressure. 
The blade gullets collect the metal chips as the tooth removes the metal and cannot empty the 
collected chip until the gullet leaves the entire cut on the exit side of the material. For example, 
on a 4-6 tooth blade, the section of teeth that is made up of the finer teeth closest to or equaling 6 
teeth per inch, have the smallest gullets. The tightest chip is the one created by the finest tooth. 
The smallest gullet regulates the optimum cutting pressure to be used before risking blade tooth 
failure. If the gullet becomes filed with metal before it leaves the material and empties, the 
surrounding teeth are subject to ripping off the backing of the blade. When evaluating the chip, if 
the chips appear wound too tight and appear to be burnt, too much cutting pressure has been 
applied. 

Find the saw arm balance point. Add cutting pressure until proper chip is obtained. Then adjust 
the Feed Rate for the proper blade entry and exit. We have not changed the cutting pressure: we 
have just changed the rate of entry and exit through the material. The Feed Rate controls the rate 
that the saw arm is cutting air; the Cutting Pressure controls the rate of cutting the material. 

Generally, with a given depth of penetration, the lower the shear plane angle, the thicker the chip 
becomes and the lower the cutting efficiency. The higher the shear plane angle, the higher the 
efficiency, with thinner chips being formed. Shear plane angle is affected by work material, band 
speed, feed, lubrication, and blade design. 

The goal is to achieve chips that are thin, tightly curled and warm to the touch. If the chips have 
changed from silver to golden brown, you are forcing the cut and generating too much heat. Blue 
chips indicate extreme heat which will shorten blade life. 

 

 

 



xxii 
 

Generally speaking, the following applies:  

   

 

 

 

 

 

 

 

Curled Chips: Curled chips are expected in 
ductile materials like 1018, and when using a 
sharp blade (Figure 1) indicating optimum 
feed. 

Blue, Brown, or Burnt Chips: Indicate the 
lack of coolant, or incorrect Feed Rate and/or 
Blade Speed. It can also indicate the blade is 
dull. (Figure 2) 

(A dull blade will look shiny when looking at 
the teeth.) 

Powdered Chips: Medium size powdered 
chips are expected in brittle material like 
brass or cast iron, and when using a very dull 
blade. (Figure 3) In other materials it 
indicates the need to increase feed. 

 

NOTE: If there is a change in appearance 
in the blade or the chips while cutting, 
examine your cutting procedures. 

 

When a radius on the tooth becomes visible, this means the blade is dull and the chips may 
appear to look burnt and decrease in size. As the blade dulls, the chips will change from 
Figure 1 to Figure 3. 
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Factors Affecting Cutting Performance 
In the metalworking industry, the purpose of most sawing operations traditions has been to cut 
sheet, tube, or bar stock into different lengths in preparation for further machining. Or it has been 
used in cutoff operations to remove excess material produced during other machining or 
assembly processes. Working with larger pieces of material means the saw blade has to remove 
more material to make parts. Saws cut at a rate measured by square inches per minute. If you put 
twice the amount of material in the saw, it will take twice as long to cut. For example if the 
operator has solid square bars that are 4” x 4” the saw has to cut 16 in2 to separate the bar into 
parts. If the material can be cut at a rate of 8 in2 min it will take 2 minutes to produce a part. If 
two bars are placed in the saw to cut at the same time the size of the material being cut is 
effectively doubled and it will require 4 minutes to complete the cut, producing two parts. 

If given an unusually capable saw in ideal conditions, it is possible to cut at a maximum rate of 
approximately 30 square inches per minute. Laboratory tests have obtained up to 130 square 
inches per minute with a bandsaw, but this is not practical for real world cutting operations. This 
rate could only be obtained by using a material easy to cut, such as C-1212 cold finish bar. It 
would also require the correct blade tooth and spacing, the right blade speed and feed rate, and 
an appropriate high quality cutting fluid. 

Under more normal conditions, a cutting rate of 15 square inches per minute for mild steel is 
practical and readily obtainable when using a high speed electron welded blade. When working 
with more difficult materials, of course, slower cutting rates may be required. Each type of 
material has its own characteristics and some require unusual measures to obtain satisfactory 
cutting performance. 

As the machinability of the material lowers, so does the cutting rate. The operator must be able 
to discern some basics about the material being cut and either know or have a reference to help 
select the proper blade, cutting force, and blade speed to maximize the performance of the blade 
and saw. 

                                                            

Calculating the square inches of 
a rectangular bar 

3 x 4 = 12 square inches 
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Material Size and Shape 

Each blade configuration will have an optimum width of material to be cut. Below this width, 
tooth loading may become excessive and the cutting rate must be reduced. When the material is 
wider than the optimum width, blade control begins to diminish. 

For example, a band saw blade 1 inch wide by .035 thick would successfully cut mild steel 
material whose optimum width is between 4 and 5 inches. But a 1.25 inch blade by .042 thick 
will have optimum cutting in stock which is about 6 inches wide. This is because the heavier 
blade has nearly twice the beam strength, which allows higher pressure and straighter cutting in 
heavier material. 

 

 

 

 

Cutting tubing presents special problems such as the fact that the blade must enter the material 
twice and that maintaining adequate cutting fluid flow on the blade as it enters the second side is 
nearly impossible. 

 

Since the blade “sees” only the 
material actually being cut, the shape 
of the stock being cut will also affect 
cutting speeds, particularly if the piece 
is excessively wide or if it varies in 
the dimensions being cut. The actual 
area of a solid round can be found by 
using the following formula: 

 

Thus, whenever the inside diameter 
begins to approach 50% or less of the 
outside diameter, it is best for practical 
purposes to treat the material as a solid. 
In other words, as wall thickness 
increases, the tubing begins to more and 
more closely resemble a solid in terms of 
cutting speed. 
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BUNDLE CUTTING 

 

 

 

 

 

 

 

                                   
     4 - 6 Inches 

 

 

 

 Cutting rates in tubing are reduced by assuming twice the cutting surface area until the cut area 
equals that of a solid bar. Heavy wall tubing will behave much like solid stock except that blade 
life will be reduced by approximately 50%. For medium wall turning multiply the machinability 
rate by about 7.5 instead of the normal 15 square inches per minute used for solid stock. For thin 
wall tubing use a factor approximately 3.2. Structural shapes, such as “H” beans and angles, 
behave like tubing. 

 

 
 

If you want or need to make bundle cutting, here are some guidelines to help you make it 
easy, reliable and fast.  

Bundle cutting makes cutting more difficult because of: 
• Vibration 
• Wide Guide Spacing 
• Coolant not getting to the teeth 
• Cutting through work hardened chips 

 

Adjustable Jaw Fixed Jaw To perform bundle cutting as 
efficiently as possible, keep the 
jaws opened between 4” and 6” 
and set just one row of material 
(see figure). If the bundle gets 
wider, the cutting performance 
may drop and the material 
handling time increases. The 4”-6” 
dimension is a conservative 
number. 
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Use the hold down clamp and the hold down clamp extension to prevent the material from 
lifting up. These parts are supplied with your machine for both the saw vise and feed vise. If 
needed, you can cut or make another hold down clamp extension as required. 

 
 
 
 
 

 
 
 
 
 
 

 
 

 

 

 

 

 

 
 

SOLID BARS 
• This image shows solid bars clamped on 4 sides.  
• The solids are not distorted by clamp force. 
• Bar “X” is slightly smaller than the rest of the bars and is not firmly clamped in the 

bundle. 
 

LOOSE BAR “X” 
1. Will vibrate 
2. Can spin 
3. Can change length position 
4. Tack welding the ends of bars will prevent 
spinning but not vibration. 
 

Use two 
screws to 
hold the 
clamp. 

Hold with two screws at 
the required height. If required, make a 

new hold-down 
clamp extension as 
needed. 

NOTE: The use of the Hold-Down Fixture may prevent the Out of Stock Limit Switch 
from functioning because the feed vise may contact the extension and think it is 
material. Therefore, the Out of Stock will not be activated. 
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TUBES 
• This image shows thin wall tubes clamped on 2 sides. 
• The tubes are slightly distorted by clamping force. 
• Tube “X” is slightly smaller than the rest of the tubes, but is held in place by the distortion 

of the larger tubes. 
 

TUBES 
• This image shows thin wall tubes clamped on 4 sides. 
• The tubes are slightly distorted by clamping force. 
• Tube “X” is slightly smaller than the rest of the tubes, but is held in place by the distortion 

of the larger tubes marked “Z”.  
• Bundle cutting increases sawing problems. 
 

Moderate clamping of undersize tube. 

Moderate clamping of undersize tube. 
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Cutting Geometries 

The blade being used can also affect machinability through cutting geometries.  

There are three main types of cutting geometries used to cut metals.  
They are Positive, Negative, and Neutral/Zero. 

 

The terms positive, negative, and zero refer to the rank angle (Y) at the face of the tooth. The 
smaller the rake angle on the tooth, the stronger the tooth will be. However, smaller rake angles 
increase the cutting forces on the blade. More positive angles are used of metals with a higher 
machinability, while negative and neutral rank angles are used for materials with lower 
machinability. 

TUBES w/RUBBER FACING 
• This image shows thin wall tubes clamped on 4 sides with Rubber Faced Jaws. 
• The tubes are all restrained with very low distortion.  
• There is moderate clamping force for all the tubes with very low distortion. 
• Tube “X” is slightly smaller than the rest of the tubing, but is help in place by the 

distortion of rubber jaws acting on all of the tubes. 
• Rubber faced jaws works best with solid bars. 
 

Disadvantages of Rubber Facing 
1. Rubber wears out rapidly. 
2. Rubber may be torn loose during 
feeding. 
3. Out of square cuts may result due the 
“elastic” vise jaws. 
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Material Placement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material Lying Down 

1. More sensitive to dull blade. 

2. More heat generated due to tooth being in 
cut a longer amount of time. (Producing a 
longer, thinner chip) 

3. Easier to handle the material. 

4. More sensitive to coolant problems. 

5. Less accurate cutting. 

NOTE: Using a blade with more positive 
rake lowers cutting pressure and cuts easier 
because the tooth is more self-feeding. The 
negative side is it will break easier and dull 
sooner. 

 

Material Standing 

1. Less sensitive to dull blade. 

2. Less heat generated due to tooth being in 
cut a shorter amount of time. (Producing a 
shorter, thicker chip) 

3. More difficult to handle material. 

4. Less sensitive to coolant problems. 

5. More accurate cutting. (Due to guide arms 
being closer together) 

NOTE: Tooth Pitch compatible to both 
sections. Same blade speed for both. Same 
cutting rate (square inch/minute) for both. 
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Guide Spacing 

The rigidity of the blade is a function of guide spacing, with rigidity being reduced to the third 
power as the distance between the guides’ increases. For example, with guides spaced 2 inches 
apart, blade deflection might be approximately .02 inches. Under the same conditions, but with 
the guides spaced at 4 inches apart, blade deflection would be approximately .16 (.02 x 8) inches. 
 

 

 

 

 

 

 

 

 

 

 

The greater the distance between the guides, the greater there is the probability of a crooked cut. 
The solution is to reduce cutting pressure. However, if the material is hard or tough, cutting may 
stop all together. Thus, when cutting wide stock, a compromise between too much and too little 
cutting pressures must be found. Trial and error may be the only satisfactory method. 

 

 

 

           1 WL³ 
A simplified formula is: Y Max = 48 EI 

Where:  Y = Blade Deflection 
  W = Load on Blade 
  L = Spacing of Guides 
  E = Modulus of Elasticity 
  I = Moment of Inertia 
 

This is a simplified version of the formula 
because it does not consider band tension 
or guide design. It is important to 
recognize, for example, that rollers are not 
considered anchored supports. A more 
complete derivation, including band 
tension and guide design, is included in 
“Roark’s” Formulas for Stress and Strain. 

“Y1” is Side Blade Deflection caused by: 
 

1. Non Vertical Blade 
2. Non Rigid Arm 
3. Sideways Arm Movement 
4. Random Blade Dullness 
5. Material Hard Spots 
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An Example of Three Cuts with the Same Blade 

 

 

 

 

 

 

 

 

 

 

 

 

1. Guide Close to the Material. Blade cut within 
tolerance. 

2. Guide Spacing Doubled. Blade bends up in center 
and coolant from the guide may not each the 
material. 

3. Larger Material. Blade bends up in the center. 
Demand on the coolant is greater to prevent chip 
welding and to cool and lubricate the cut. The cut 
deviation may be 8 times more than example 1. 

This example is true if the first bar size cut is 20” 
and the second bar size is 40”. 

   Y = WL3 

           48EI 
L = Guide Spacing and Y = Blade Drift 
First L = 20” so L3 = 20 x 20 x 20 = 8000 
Second L = 40” so L3 = 40 x 40 x 40 = 64000 
64000 is 8 times 8000 so the second cut deviation 
(4) is 8 times the first cuts. 
 

WHAT CAN YOU DO: 

1. Keep the guides as close as possible. 

2. Break the blade in properly. 

3. Cutting pressures 

4. Use a quality cutting fluid. 

5. Use the blade enhancer to reduce the cutting 
force. 

6. Let the cut watcher monitor the cut. 

7. A coarser tooth blade uses less cutting force. 

8. Use hook or positive tooth. 
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The above chart was generated comparing only wheel wrap stress and blade bending stress 
between guides. All other factors affecting blade life were held constant. 

1. Minimum recommended wheel diameter for good blade fatigue life. 

2. Recommended blade size for wheel diameter. 

3. Stress in blade due to wrapping around wheel =   ET 
                D+T   

4.  Popular vari-pitch tooth configuration. 

 Average tooth spacing = course pitch + fine pitch 
                  2 

5.  Force per tooth should always produce a surface stress at least twice the tensile strength of the 
cut material. 

6. Total down force of the blade pushing on the material. 

7.  Guide spacing is the distance from the inside of the guide arm to the inside of the guide arm. 
Calculations were made as if the material filled the entire area between the guides. 

8. Using a Broken-In Blade worn to .001. A dull Blade with .003 flat will take 3 times the Total 
Force to remove the same size chip. 

 

E= Modulus of Elasticity 30.35 x 106 PSI 
D = Wheel Diameter 
T= Blade Thickness 
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         Area= .001 in. x Blade Thickness 

 
 
9.    Total Force      
Average Tooth Spacing X Guide Spacing X Tooth Cutting Area 

 

To cut wider material, do one or all of the following: 
• Cut lower tensile strength material. 
• Use a sharper blade. 
• Use less teeth per/inch blade (Courser Pitch) 
• Use a sharp, positive rake tooth form.  

 

 

Factors Affecting Stress in a Blade while Cutting 

 

Blade Hangs Up 

At the start of a cut, the corners are cut first with the 
center of the blade riding on the center of the material. 
As the cut is started, the blade is bent up in the center. 
The center of the blade does not cut at the same rate as 
the edges until the forces at the center line of the blade 
equal the forces at the edge. If the blade hangs up at 
the exit, this is what causes the hang up. 
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To prevent the teeth from suddenly piercing the remaining then metal section: 

  

 

If the blade 
hangs up at the 
exit of cut, this is 
what caused the 
hang up. 

Heavy force that 
was here now 
available at 
center and 
suddenly pops 
the teeth through 
the material. 

1.  Reduce cutting force. 

2. Increase tension. 

3. Increase blade speed to a higher surface feed 
per minute. 

4. Choose a blade with more teeth per inch. 

5. Set blade at angle. 
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Reading the Cut 

 

 

 

 

Vertical travel of blade 
during one revolution. 

Repeat pattern of deep 
gouge marks caused by 
defective blade tooth. 

Random interruptions in cut 
pattern which are slightly raised 
from main surface often appear 
polished. 

Blade tooth may be imbedded 

Normal Pattern 

“Welded” chip blocks cutting 
path of teeth and may tear the 
teeth out. 

Teeth stripped 
from blade 

Defective Blade Tooth 

Tooth Stripping From Chip Weld 

Chip Welding 
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