
Press Basics 110

Welcome to the Tooling University. This course is designed to be used in conjunction with the online version of this class. The online version can be 
found at http://www.toolingu.com. We offer high quality web-based e-learning that focuses on today's industrial manufacturing training needs. We 
deliver superior training content over the Internet using text, photos, video, audio, and illustrations. Our courses contain "roll-up-your-sleeves" 
content that offers real-world solutions on subjects such as Metal Cutting, Workholding, Materials, and CNC with much more to follow. Today's 
businesses face the challenge of maintaining a trained workforce. Companies must locate apprenticeship programs, cover travel and lodging expenses,
and disrupt operations to cover training needs. Our web-based training offers low-cost, all-access courses and services to maximize your training 
initiatives. 
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Objectives

Describe the usefulness of the press.
Identify the components of the press.
Identify the role of the die set.
Describe the impact of the press movements.
Identify the gap-frame press.
Identify the straight-side press.
Describe the action of the mechanical press.
Describe the action of the hydraulic press.
Define press capacity.
Relate press style to possible capacity.
Describe the importance of shear forces.
Identify the press brake.
Identify the turret press.
Identify the arch press. 
Identify the horn press.

Figure 1. The die set is positioned on the bed of the press.

Figure 2. A punch press.
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What Is a Press?

One of the most efficient methods for making metal parts
is metal forming. Metal-forming processes rapidly 
shape thin sheets of metal by pressing the metal 
between two plates. These processes can bend the 
metal, punch out holes, or even create impressions like 
the face of a coin.

The press, shown in Figure 1, is the common machine 
used in metal forming. The top section, or the ram, is 
forced down toward the base of the machine. Both of 
these components hold special metal plates that bend, 
puncture, or shape the metal as they close. The parts in 
Figure 2 were made on the press.

You may be familiar with how other presses work, such 
as the printing press or a flower press. Some of the same
ideas apply to metalworking, except there are much 
larger forces. Many things we use daily are the product 
of metalworking processes. Bicycles, cars, buses, and 
planes are made of parts that have been formed from 
sheet metal.

Figure 1. The ram of a press repeatedly moves up and 
down.

Figure 2. These parts were separated from the copper 
strip on a press.
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The Major Press Components

Figure 1 shows the major components of a basic punch press. 
The frame is the support structure of the press. This frame is 
divided into the upper section, called the crown, and the lower 
section, or bed.

The crown contains the power source or motor, which drives the 
reciprocating up-and-down motion of the ram. When the press is 
operating, the ram can be observed moving up and down. This 
motion is called the stroke.

Directly underneath the ram are the bed and the bolster plate. 
The bed acts as the foundation for the entire machine. The top of 
the bed often contains holes to leave room for removed sections 
of metal. The bolster plate is secured to the top of the bed, and it
conceals large portions of these holes. Each operation requires 
specific tooling components, which are clamped to the ram and 
bolster plate.

Figure 1. The major components of a press.
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The Die Set

The ram and the bolster plate are essentially 
permanent components of the machine. They are rarely
changed. However, every type of press operation 
requires its own unique die set that matches the 
operation. This die set is attached to the ram and 
bolster plate, as shown in Figure 1.

Figure 2 illustrates the basic die set. The die set 
consists of the upper die shoe and lower die shoe, 
which are both shown in Figure 3. The die shoes are 
metal plates that open and close as the ram raises and 
lowers the upper shoe. Strips of sheet metal pass 
between these two shoes as they open and close.

The actual cutting and shaping of the metal is 
performed by the punch and die. The upper shoe holds
the punch, and the lower shoe contains the die. The 
punch is forced into the sheet to either cut or shape it. 
The die contains the opening that matches the punch.

Figure 1. The die set is positioned between the ram and the
bolster plate.

Figure 2. The components of a die set.
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Figure 3. Disassembled upper and lower die shoes.
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The Operation of a Press

During the operation of a press, drive mechanisms power 
the up-and-down motion of the ram, as shown in Figure 1. 
This action opens and closes the upper and lower die 
shoes. As the press operates, the strip of sheet metal 
passes between the two die shoes. As you can see in 
Figure 2, the punch enters the metal sheet and cuts it. The 
removed section passes through the opening in the die.

Sheet metal-forming processes are similar to cutting out 
cookies. While cutting cookies, you are the power source. 
Your arm repeatedly moves up and down, much like the 
ram. Your hand serves as the end of the ram as it holds the
cookie cutter. When you have reached the table and the 
bottom of your stroke, a cookie that needs baking is 
formed. The tabletop supports the operation, similar to the 
bolster plate. Like the cookie cutter, the die determines the
shape of the part.

Figure 1. The ram is in constant motion during 
operation.

Figure 2. The typical operation is performed by a punch 
and die.
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The Gap-Frame Press

A distinguishing characteristic of the press is the shape of its 
frame. Structurally, the press frame absorbs the shock of the 
operation. It also determines limitations on the size and type of 
work, as well as methods for loading and unloading.

One of the more common presses is the gap-frame press, 
which is shown in Figures 1 and 2. You may also see this machine
called a C-frame press because its frame is shaped like the 
letter “C.” The gap-frame press is very versatile. The open frame 
makes the die set easy to access for numerous operations. 
Certain gap-frame presses are inclinable. In other words, the bed
and frame can be tilted backwards to encourage parts to slide off 
after separation. You will see these presses referred to as 
open-back inclinable (OBI) presses.

Unfortunately, the versatility of the gap-frame press reduces the 
sturdiness of the frame. Over time, the gap-frame press will 
likely experience some deflections as the forces start to bend 
the frame. This eventually reduces the accuracy of the parts.

Figure 1. A gap-frame press.

Figure 2. The C-shaped frame is very accessible.
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Straight-Side Press 

The name of the press frequently describes the shape of the 
frame. In addition to the gap-frame press, most stamping 
shops rely on the straight-side press. Figure 1 illustrates the
shape of this machine.

The straight-side press has much greater rigidity than the 
gap-frame press. As shown in Figure 2, the straight-side press 
has supports in four corners. Depending on the machine, the 
frame is built from one solid piece of metal or is assembled in 
sections with tie rods.

All straight-side presses effectively keep the punch and die 
properly aligned during operation. This greater rigidity adds 
the ability to withstand larger forces. Straight-side presses are
chosen for their ability to create more accurate shapes by 
avoiding the risk of misaligned components. This creates very 
accurate parts and helps tools last longer.

Figure 1. The frame of a straight-side press.

Figure 2. The straight-side press offers excellent 
rigidity.
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The Mechanical Press

Presses are also grouped according to their power source, 
which is typically either mechanical power or hydraulic 
power.

The mechanical press, such as the one in Figure 1, uses a 
motor to send energy to a flywheel. The flywheel is 
attached to the crankshaft that forces the ram of the press 
to move up and down. Figure 2 illustrates this crankshaft.

Mechanical drives provide faster motion of the ram. The 
shape of the crankshaft determines the stroke of the press.
Once a press is built, the length of the stroke cannot be 
changed. The most powerful place in the stroke of a 
mechanical press is at the bottom. This makes the 
mechanical press most useful for blanking and punching
operations.

Baseball players try to contact the ball at the most powerful 
point in their swing. Different points of the swing have 
different available forces, just like the stroke of the 
mechanical press.

Figure 1. The crankshaft determines the stroke of the 
press.

Figure 2. The crankshaft powers the motion of the 
ram.
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The Hydraulic Press

The other common type of power source is found in the 
hydraulic press. Hydraulic systems transform electrical 
energy into hydraulic energy, which in turn is transformed into 
mechanical energy by the hydraulic cylinders in the press. 
Figure 1 shows a hydraulic cylinder and piston.

The hydraulic press has a longer, slower stroke than the 
mechanical press. Pressure from hydraulic fluid acts on an area
within the cylinder to create a steady force. In addition, forces 
can be more accurately controlled since the ram produces a 
steady force throughout the stroke. Hydraulic presses are very 
useful for deep drawing operations because of this slow, 
uniform application of force.

Unlike a baseball swing, the hydraulic press is more similar to a
series of pushups. Your arm muscles exert a more constant 
force as you raise and lower yourself from the floor.

Figure 1. Fluid pressure controls the motion of the 
ram.

Figure 2. A hydraulic press.
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Capacity of a Press

The capacity of the press is the ability to deliver 
enough force necessary to perform the metalworking 
operation. The capacity is generally expressed in tons, 
kilonewtons (kN), or meganewtons (MN).

For mechanical presses, the press capacity is the force 
that the ram is able to exert near the bottom of the 
stroke. Flywheel speed influences the output capacity. 
Hydraulic presses exert the same force throughout the 
stroke. The capacity is determined by the pressure 
generated within the cylinder. Figures 1 and 2 compare 
these power sources.

The physical size, the strength of the components, and 
the power system of the press all influence the capacity,
just like they would affect the swing of baseball 
sluggers. All presses should have their rated capacity 
marked in some way. Figure 3 shows such information 
from a press.

Figure 1. For mechanical presses, the greatest capacity is 
at the bottom.

Figure 2. For hydraulic presses, capacity is equal 
throughout.
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Figure 3. Every press can be distinguished by its capacity.
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Range of Press Capacities 

Every operation requires a certain capacity. Depending on 
the capacity that is needed, certain press styles will be 
more appropriate than others.

Gap-frame presses, like the one in Figure 1, are available 
from small 1-ton (8.90 kN) machines up to 300 tons (2660
kN) in size. Gap-frame presses are most common up to 
100 tons (888 kN). Beyond 100 tons, straight-side 
presses, like the one in Figure 2, are generally used. They 
are also available with capacities above 1250 tons (11,100 
kN). The structure of the straight-side press allows for this
greater capacity.

Very few mechanical presses have a capacity above 6000 
tons (53.4 MN). However, some hydraulic presses have 
capacities greater than 50,000 tons (445 MN). Hydraulic 
presses are capable of greater capacity due to their more 
compact nature.

Obviously, not all operations require the most powerful 
press. Parts that fit in your hand may be produced on 
presses of just a few hundred tons. Most high-production 
presses creating larger parts operate around several 
thousand tons.

Figure 1. A 32-ton gap-frame mechanical press.
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Figure 2. A 150-ton straight-side mechanical press.
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Press Forces

One of the most common operations performed on a press
is punching, which is illustrated in Figure 1. During a 
punching operation, the idea is to apply a force greater 
than what the material can withstand, just like a paper 
hole punch applies a force with enough capacity to break 
through the paper. Similarly, the punch and die apply 
shear forces to the metal part. To actually cut the metal 
and remove a section, the shear force applied must 
exceed the shear strength of the metal.

However, presses are capable of performing a wide 
variety of operations. These operations are combined to 
form parts, such as the part in Figure 2. Presses are 
capable of cutting, bending, and compressing sheet metal.
Operations such as bending and drawing shape the 
metal without actually removing a section. In this case, 
the shear stress applied is only sufficient to distort the 
metal to the desired shape without actually penetrating 
the sheet.

Figure 1. A punching operation.

Figure 2. This part was made by punching and bending 
operations.
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The Press Brake and Turret Press

Many manufacturers use machines similar to the basic 
punch press. Other machines that are commonly used 
for press operations include the press brake and 
turret press.

Figure 1 shows a press brake. This machine usually has 
a short stroke and an eccentric drive. They are often 
used to perform a variety of bending operations in long 
strips of metal. The press brake is basically a gap-frame
press with a very wide, narrow bed. Press brake 
capacities can range up to several thousand tons of 
bending capacity.

A turret press, like the one in Figure 2, is an impressive 
machine that rapidly performs a sequence of punching 
operations. It is used to form sheet metal that requires 
many different kinds of repeating slots or holes, such as 
the pattern shown in Figure 3. The turret press changes 
punches between different types of holes. Today, these 
machines are generally controlled by computer 
programs.

Figure 1. A press brake.

Figure 2. A turret press.
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Figure 3. These complex patterns were made on a turret 
press.
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The Arch Press and Horn Press

Other types of presses have been designed to 
accommodate a variety of part shapes and sizes. The arch 
press is essentially a straight-side press that has been 
widened at the bed. The frame of this machine is illustrated
in Figure 1. This type of press can effectively accommodate
larger pieces of metal. Arch presses are often used in light 
blanking and bending operations.

Figure 2 illustrates the horn press. This type of press is an
upright open-back press that has a projecting shaft, or 
“horn,” that replaces the usual bed and bolster plate of the 
press. It is generally used for forming cylindrical parts, 
which fit over the horn. Horn presses are often used with 
cylindrical objects that require seaming or flanging.

Figure 1. The frame of an arch press accommodates 
larger sheets.

Figure 2. Parts on the horn press are fitted over a 
round shaft.
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Summary

A press is a machine consisting of a frame and a power source. 
The other major components of the press, shown in Figure 1, 
include the crown, ram, bolster plate, and bed. The press supplies
the power for the die to shape metal.

Both the press frame and the power source affect the capacity 
and applications for the press. The gap-frame (or C-frame) press 
shown in Figure 2 is a versatile and commonly used press for 
punching and blanking operations. However, the straight-side 
press in Figure 3 offers greater rigidity. It is a good fit for heavy 
work since it will have a larger capacity than the gap-frame 
press.

The mechanical drives move faster than hydraulic systems but 
offer no flexibility in stroke length. On the other hand, hydraulic 
presses may offer greater capacity than mechanically-powered 
presses. Press brakes and turret presses are among the other 
machines used for metal-forming operations.

Figure 1. The components of a press.

Figure 2. A gap-frame press.

Copyright © 2002 ToolingU.com. All Rights Reserved.



Figure 3. A straight-side press.
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Class 
Vocabulary
Term Definition

A type of press similar to a straight-side press with an enlarged bed and bell-shaped frame. The arch press arch press
can accommodate larger-sized sheets of metal.

The main foundation and supporting structure upon which the operating parts of the machine are mountedbed
and guided.

The shaping of sheet metal by straining the metal around a straight axis. A bending operation compresses bending
the interior side of the bend and stretches the exterior side. Flanging, hemming, and seaming are all 
bending operations.

A shearing operation that creates a hole in sheet metal by separating an interior section. The removed blanking
piece of metal is the desired section.

A plate that is designed to hold in place the lower die shoe. The bolster plate is attached to the top surfacebolster plate
of the press bed.

The specified amount of force that a press is capable of exerting near the bottom of its stroke in order to capacity
carry out a metalworking operation.

Another term for the gap-frame press.C-frame press
The device in some mechanical presses that connects the ram to the flywheel.crankshaft
The upper portion of a press containing the drive mechanisms or cylinders that guide the reciprocating crown
motion of the ram.

The main drive of a hydraulic press that uses fluid to force the motion of a piston encased within the cylinder
device.

A drawing operation performed on sheet metal that creates a hollow shape with a depth greater than its deep drawing
width.

The amount of deviation from a straight line or plane when a force is applied. Effective presses reduce the deflection
amount of deflection during operation.

The tool typically attached to the lower portion of the die set containing a recess that provides space for die
the shaping or shearing of sheet metal.

The collective assembly of upper and lower die shoes, guide pins and bushings, and punch and die holders.die set
For sheet metal, a forming operation that transforms a flat disc of stock into a hollow cup with an enclosed drawing
bottom. Drawing operations can also create boxes and more intricate shapes as well.

A drive that uses an offset section to power the reciprocating motion of the ram.eccentric drive
A bending operation that bends the edge of a part in order to add stiffness. Flanging most often creates a flanging
90 degree bend in the metal.

The main device located in the crown of a mechanical press that is attached to the power source and flywheel
regulates the reciprocating motion of the ram.

The structure of a press that supports the ram above the base and guides the reciprocating movement of frame
the ram.

A type of press with a C-shaped frame suspending the crown over the bed and an open portion in the gap-frame 
front. The open front of the gap-frame press offers easy access to the die set.press
A type of press with a cylindrical projection designed to position sheet metal parts for secondary horn press
operations.

Power derived from the motion and pressure of a fluid, such as water or oil.hydraulic power
A press that is driven by hydraulic power. Most hydraulic presses are driven by one or more cylinders that hydraulic press
utilize fluid pressure.

The lower plate of a die set that contains the cavity into which the punch shears the sheet metal.lower die shoe

mechanical Power derived from the use of solid tooling and machinery.
power

A press that is driven by mechanical power. Most mechanical presses are driven by a flywheel, crank, and mechanical 
clutch.press
The plastic deformation of a metal in order to produce a useful shape. Sheet metal can be formed through metal forming
operations that shear, stretch, bend or compress the metal.

A type of gap-frame press with a bed and frame that can be tilted backwards to encourage the removal of open-back 
parts after they are separated from the strip.inclinable
A machine with a stationary base and an upper ram that moves along a vertical axis to shear, bend, or press
form sheet metal.
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A type of press with an open frame and very wide bed. Press brakes are often used for bending operations,press brake
and they are typically manually operated.

The tool typically attached to the upper portion of the die set that shapes or penetrates the sheet metal.punch
A shearing operation that creates an open hole in sheet metal by separating an interior section. The punching
removed metal section is discarded scrap.

The main upper portion of the press that slides up and down within the press frame. The upper die shoe is ram
attached to the ram.

A bending operation that joins the interlocking edges of two separate metal sheets together by folding seaming
them over one another.

A force that attempts to cause the internal structure of a material to slide against itself.shear force
The ability of a material to resist forces that attempt to cause the internal structure of the material to slideshear strength
against itself.

A type of press with supporting columns in each corner of the frame suspending the crown over the bed. straight-side 
The straight-side press offers improved rigidity and reduced deflection.press
The distance marked by the farthest ends of reciprocating vertical movement of the press ram.stroke
A type of press with an open frame and a turret containing multiple punches. Turret presses are mostly turret press
used to perform a variety of shearing operations, and they are typically numerically controlled.

The upper plate of a die set that secures the punch holder.upper die shoe
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