
QQuuaalliittyy pprroodduuccttss aatt ccoommppeettiittiivvee pprriicceess mmaakkee HHyytteecc tthhee hhyyddrraauulliicc ppoowweerr wwoorrkk--
hhoollddiinngg bbrraanndd yyoouu ccaann ddeeppeenndd oonn!!....................................................And we can prove it.

•• Precisely controlled clamping forces...proven reliability of component systems
•• Continuous pressure, stall-type systems increase safety
•• Reduced vibration of workpiece and tooling for increased quality
•• Faster feeds and speeds...longer tool life
•• Reduced scrap and rework
•• Faster load/unload cycles
•• Fully automated systems capability
•• Fully adaptable to multi-station hydraulic   

clamping applications
•• Designed for simple installation in your 

present or planned fixtures
•• Improved ergonomics

Hytec is ready to help you set up hydraulic
power workholding systems to fit your specific applications.  With the Hytec CAD Graphics Library,
Tracing Template Kits, Free Seminars, and Technical Advisors available to answer your questions, you have the support you need.

To serve our customers, Hytec has a policy of continuous product improvement.  While all technical data in this catalog is believed
to be correct at the time of printing, we cannot be liable for errors and omissions or product changes.

Contact our Technical Services Workholding Specialists for assistance in the application of Hytec products in your particular situation.

LLIIFFEETTIIMMEE MMAARRAATTHHOONN WWAARRRRAANNTTYY

All Hytec products and parts, with the exception noted below, are warranted against defects in materials and workmanship for the
life of the product or part.

Hytec's warranty is expressly limited to persons who purchase Hytec's products or parts for the resale or use in the ordinary
course of the buyer's business.  This warranty does not cover any product or part that has been abused, worn out, heated, ground
or otherwise altered, used for a purpose other than that for which it was intended, or used in a manner inconsistent with any
instructions regarding its use.

Hytec's electronic products are warranted against defects in material and workmanship for one year. All electric motors are sepa-
rately warranted by their manufacturer under the conditions stated in the separated warranty.

THIS WARRANTY IS EXCLUSIVE, AND HYTEC MAKES NO OTHER WARRANTY OF ANY KIND WHATSOEVER, EXPRESSED OR
IMPLIED, WITH RESPECT TO THE PRODUCTS MANUFACTURED AND SOLD BY IT, WHETHER AS TO MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, OR ANY OTHER MATTER.  No agent, employee or representative of Hytec has any authority to bind
Hytec to any affirmation, representation, or warranty concerning Hytec products or parts, except as stated herein.

To qualify for warranty consideration, return the Hytec product, freight prepaid, to a Hytec authorized
repair center or to the Hytec factory. If any product or part manufactured by Hytec is found to be

defective by Hytec, in its sole judgement, Hytec will, at its option, either repair or replace such defec-
tive product or part and return it via best ground transportation, freight prepaid.  THIS REMEDY
SHALL BE THE EXCLUSIVE REMEDY AVAILABLE FOR ANY DEFECTS IN THE PRODUCTS OR
PARTS MANUFACTURED AND SOLD BY HYTEC OR FOR DAMAGES RESULTING FROM ANY OTHER
CAUSE WHATSOEVER, INCLUDING WITHOUT LIMITATION, HYTEC'S NEGLIGENCE.  HYTEC SHALL

NOT, IN ANY EVENT, BE LIABLE TO ANY BUYER FOR CONSEQUENTIAL OR INCIDENTAL DAMAGES
OF ANY KIND, WHETHER FOR DEFECTIVE OR NON-CONFORMING GOODS, NEGLIGENCE, ON THE

BASIS OF STRICT LIABILITY, OR FOR ANY OTHER REASON.

The purpose of this exclusive remedy shall be to provide the buyer with repair or replacement of products or parts manufactured
by Hytec found to be defective in materials or workmanship or negligently manufactured.  This exclusive remedy shall not be
deemed to have failed of its essential purpose so long as Hytec is willing and able to replace said defective products or parts in the
prescribed manner.  
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Power Workholding Systems

AApppplliiccaattiioonn AA

Among the simplest systems, single-acting
spring return actuators can be operated with a
single pressure line from this 58219 air/
hydraulic pump or any Hytec constant pres-
sure pump with a 9504 pump-mounted valve.

AApppplliiccaattiioonn BB

Multiple double-acting actuators can be oper-
ated simultaneously, powered by a pump with a
9504 pump-mounted manual control valve.

AApppplliiccaattiioonn CC

Two pairs of single-acting actuators are
independently operated by 9503 remote
mounted control valves and powered by one
pump. Check valves prevent return line pres-
sure fluctuations from affecting released
clamps. Pressure port “P” check valves are
built into the 9503 control valve.

AApppplliiccaattiioonn DD

Similar to Application C, one pair of single-
acting actuators and one pair of double-acting
actuators are independently controlled by
100969 directional control valves. When using
more than one directional valve in one circuit,
“P” port check valves 500174 are required to
prevent loss of clamping pressure in one cir-
cuit while actuating another. “T” port check
valves 500173 should be used in single-acting
circuits where return line pressure fluctuations
may affect released clamps.
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Power Workholding Systems

AApppplliiccaattiioonn GG

Similar to Application B, the three actuators
are operated by a remote mounted control
valve. This type of valve allows the pump to be
located away from the workstation. The valve
can be manually operated or, as shown, a
9612 electrically operated remote control valve
is used. This valve can be used to give the
operator push-button convenience or fully
automated control by the machine tool.

AApppplliiccaattiioonn FF

Two single-acting actuators operate simulta-
neously, controlled by a 9503 remote manual
valve. A sequence valve insures that the work-
piece is clamped before the work support is
locked.

AApppplliiccaattiioonn EE

Rotating unions are used to connect pressure
and return lines on applications where fixture
rotation does not allow fixed plumbing. Here,
three single-acting actuators are independently
operated by three, 9503 remote mounted con-
trol valves. Each valve is connected to the rotat-
ing union which in turn, is connected to a sin-
gle pump.

AApppplliiccaattiioonn HH

Similar to Application F, a double-acting
swing clamp is actuated before sequencing a
work support. When released, the work sup-
port drains back through the sequence valve's 
internal check valve.
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Power Workholding Systems

AApppplliiccaattiioonn KK

For pallets using double-acting actuators,
Hytec’s double-acting pallet valve system uses
a pilot-operated check valve to maintain pres-
sure on the pallet. The three position direction-
al valve (100843) mounts at the operators
workstation instead of the pallet. Any of
Hytec’s standard, constant pressure pumps
operate the system. An accumulator makes up
for temperature change and minor leakage.

AApppplliiccaattiioonn JJ

Hytec’s Manual Pallet Valve is the simplest
way to disconnect the power source from a
pressurized pallet. For use only with single-
acting actuators, it provides an automatic, 
leak free shut-off. An accumulator makes up
for temperature changes and minor leakage.
Built-in filtration protects this valve from cont-
amination.

AApppplliiccaattiioonn II

Like application C, two single-acting systems
are independently operated by remote mount-
ed control valves. Here the pressure reducing
valve allows each system to have its own max-
imum pressure. The cylinder on the left oper-
ates at the pressure of the power source and
the one on the right can be set at a lower pres-
sure by adjusting the pressure reducing valve.
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PPLLAANNNNIINNGG
The most important and cost effective part

of the fixture design process is planning. All
facets of the project should be considered,
and questions answered before fixture
designing begins.
• How many operations are required?
• What machine will be used?
• What is the expected cycle time?
• How many parts will be run? How often?
• How fast must the workpiece be changed?

The answers to questions like these will
help determine the relative cost/benefit of 
the clamping system chosen for the fixture.

The following information will help prove
that a hydraulic power clamping system can
be a cost effective fixturing alternative.

HHYYDDRRAAUULLIICC FFOORRCCEE
A basic principle of hydraulics states 

that pressure applied to a confined fluid is
transmitted equally in all directions. This
principle allows the transmission of pres-
sure through tubes and hoses to remotely
located actuators where that pressure is
converted to usable force.

The simplicity of hydraulic power clamp-
ing can be summed up in one small equation:

FFOORRCCEE == PPrreessssuurree XX AArreeaa

In the cylinder above, the fluid pressur-
ized at 2000 psi is acting on the 3 sq. in. 
piston. As the formula says, 2000 psi times 3
sq. in. yields a force of 6000 pounds.

This same concept applies to all hydraulic
actuators.

PPLLUUMMBBIINNGG OOPPTTIIOONNSS
The method used to route the pressure

to the actuators on the fixture should be
determined early in the planning stages. The
plumbing is an essential part of the fixture
and should never be left as an afterthought.
There are two basic plumbing methods; 
conventional and manifold mount.

CCoonnvveennttiioonnaall 
MMoouunnttiinngg

Conventionally mounted components have
threaded ports which accept fittings for tub-
ing and hoses. Many different types of fit-
tings are available, giving you several
options for customizing your design. Since
most of these components are commonly
available, conventional mounting will typi-
cally be the lower cost option.

The threaded ports are usually one of
two designs, NPT tapered pipe threads or
SAE O-Ring boss.

NNPPTT ttaappeerreedd ppiippee tthhrreeaaddss depend on 
the interference of the mating thread forms.
This thread form has been in use for general
plumbing applications for many years.
Consequently there is a wide selection of fit-
tings available for even the most unique
applications. However, the thread form is the
same whether the application is a household
water supply or a high pressure hydraulic
workholding system. It is important to speci-
fy only fittings that are rated for the maxi-
mum pressure to be seen in your application.
The plastic, copper and iron pipe fittings are
not acceptable alternatives.

SSttrraaiigghhtt tthhrreeaadd,, OO--RRiinngg bboossss ppoorrttss per
SAE J514 are common in both industrial and
mobile hydraulic systems. Because 
this system of ports and fittings depends on
a simple, replaceable o-ring for sealing
instead of the interference of perfectly
formed threads, the chance for leakage 
is greatly reduced.

Systems can be disassembled and
reassembled numerous times with no 
additional make-up required. Fittings will
always be in the exact same place and
elbows will always point in the right direc-
tion. There is never the need to over or
under-tighten elbows to properly align them
in your system.

Pipe sealants and teflon tapes that can
contaminate your system are not required.
The torque needed to properly tighten these
fittings is less, too.

All of Hytec’s newest products have 
the SAE ports and a line of fittings and
adapters is available in our catalog. In 
addition, we have made many of our other
products (originally designed with NPT
threads) available with SAE ports. Where
available, this is noted on the product
description page.

MMaanniiffoolldd 
MMoouunnttiinngg

Manifold mounted components eliminate
the need for external fittings, tubing, and
hoses because the fluid passages are
machined directly into the fixture. Securing
the workholding component to the fixture
automatically makes the hydraulic connec-
tion.

MMaanniiffoolldd mmoouunnttiinngg::
• Provides no-tool hydraulic connections
• Saves valuable fixture space
• Eliminates tubes, hoses, or fittings that 
disrupt coolant flow and collect chips

• Simplifies post-machining fixture cleaning 
• Reduces assembly and maintenance time
• Improves performance
• Means fewer hydraulic connections 
resulting in fewer potential leak points

• Results in a cleaner, more professional 
looking fixture

PPLLUUMMBBIINNGG SSIIZZIINNGG
When designing and assembling your

hydraulic system, keep in mind that your
choices of size and length of plumbing lines
can significantly change the performance of
your fixture. The back-pressure created by
fittings, tubing and hoses can slow the oper-
ation of your system, especially single-acting
systems. Larger diameter plumbing runs
with a minimum number of bends and fit-
tings will reduce this back pressure.

When sizing hydraulic lines, make sure
you look at the inside diameter. 1⁄4" hose is
not the same as 1⁄4" tubing. Hose is specified
by its inside diameter. Hydraulic tubing is
usually specified by the outside diameter.
1⁄4"O.D., .035" wall tubing has an inside
diameter of .180", a flow carrying capacity of
only 50% of that of the hose.

Design Information
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Single acting clamps can develop only a
limited amount of pressure to force hydraulic
fluid out of the clamp and allow it to retract.
When the return fluid from multiple clamps
must share the same hydraulic line, back
pressure can easily become excessive and
slow the clamp’s retraction.

When connecting multiple clamps, you
can use either a “daisy chain” or “home run”
configuration. In a daisy chain, you use a tee
at each clamp and run tubing from the first
clamp to the second and then to the third
and then the fourth, etc. When using a home
run configuration, you begin at a manifold
and run hydraulic lines all the way from the
manifold to each clamp.

The daisy chain method uses less tubing 
so it might appear that this would minimize
back pressure. However in the daisy chain,
the fluid from all of the clamps must pass
through a single hydraulic line. In the home
run, while there may be longer runs, each
line only has to accommodate flow from 
one clamp.

The viscosity of the hydraulic fluid used 
will also affect back pressure. Viscosity is
affected by temperature. Contact the factory
to discuss applications running below room
temperature. We recommend using only
Hytec fluids. Other fluids may have different
viscosities or other characteristics that can
adversely affect system operation.

SSIINNGGLLEE-- vvss.. DDOOUUBBLLEE--AACCTTIINNGG
Another decision to be made early in the

planning stage is whether to use single- or
double-acting components.

Single-acting components are typically
actuated using hydraulic pressure. When
released, the pressure is removed and 
the actuator is returned by a spring which
forces the hydraulic fluid back into the pump
reservoir. This type of system is usually the
most cost effective because each actuator
needs only one pressure source connection
for operation. Single-acting actuators
should be vented to clean atmosphere
whenever appropriate. Remember, double
the plumbing for double-acting systems.
This does, however, use more valuable fix-
ture space and adds to the cost.

Nevertheless, there are good reasons to
use double-acting systems. The larger
and/or more complex the circuit design, the
greater the potential for return restrictions
which will slow the return of the single-acting
actuators. Double-acting actuators are ideal

for applications which require both pushing
and pulling or returning clamps with heavy,
custom designed attachments. They work
well for powering linkages which require
fast actuation in both directions. Double-
acting clamps are often used in automated
systems where coordinating the action of
the clamp with that of the rest of the system
requires fast, positive, predictable cycle
times. By installing pressure switches in
both the pressure and return lines, the status
of the clamp can constantly be monitored. 

AAUUTTOOMMAATTIIOONN
Hydraulic power clamping provides vary-

ing degrees of automation. During the plan-
ning stage, the method of actuating the fix-
ture must be considered. The simplest sys-
tems use manually operated valves where
the operator turns a handle to clamp and
unclamp the fixture. In totally automated
systems, the machine tool itself can be 
programmed to control the clamping and
unclamping functions through the use of
electric solenoid valves. 

PPOOSSIITTIIOONNIINNGG vvss.. CCLLAAMMPPIINNGG
Hydraulic actuators are typically used on

a fixture to perform one of two functions:
positioning or clamping. Positioning actuators’
primary purpose is to push the workpiece
against the solid positioning stops built into
the fixture. Clamping actuators hold the work-
piece in position during machining.

With a properly designed fixture, all the
operator needs to do is to place the work-
piece into the fixture. The positioning 
actuators (typically cylinders) will move
and correctly orient the workpiece against
the stops, and hold it there while the
clamps are sequenced, thus securing 
the part to resist machining forces. While
clamps are always needed to hold the 
part, positioning actuators are sometimes
optional depending on the workpiece, 
fixture design, and the level of operator
involvement.

33--22--11 LLOOCCAATTIINNGG PPRRIINNCCIIPPLLEE
One of the most basic concepts of

work-holding is referred to as the 3-2-1
locating principle. To repeatedly locate (or
reference) a workpiece, it must be oriented
and positioned in three planes: X, Y, and Z.

Thinking of a typical fixture where the
workpiece is loaded and gravity holds it in
place during clamping, start with the Z axis.
Knowing that three points define a plane, it
follows that any rigid object in the fixture 
is technically being supported at only three
points regardless of shape. With the part
supported in this manner, the workpiece is
prevented from moving in the Z direction,
but is still free to rotate or slide in the X
and Y directions. To prevent rotation and
position the workpiece in the Y direction,
two stops are used. With the part contacting
three stops in the Z axis, and two stops in
the Y axis, the only direction the part can
move is in the X direction. A single stop 
is all that is needed to prevent this motion.
Always use three locators as the primary
(Z) locators, two secondary (Y) locators,
and one tertiary (X) locator; thus the name
3-2-1 principle. In rigid parts, these are the
only solid stops required to locate the part.
Any more are a duplication and can affect
repeatability from one part to the next.

Design Information
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Design Information

RREESSIISSTTIINNGG FFOORRCCEESS –– SSTTOOPPSS vvss.. CCLLAAMMPPSS
When designing the solid stops for a

fixture, it is usually best to locate them so
that they directly resist the machining forces.

If the cutting tool forces are resisted by
solid stops, the workholding clamps need
only hold the part in position and can typi-
cally be much smaller, saving money and
valuable fixture space.

TTOORRQQUUEE vvss.. TTEENNSSIIOONN
A user’s first introduction to hydraulic

power workholding is often the replacement
of the nut on a typical strap clamp with a
center hole cylinder.

If the torque of the nut is known, the
resulting tension on the bolt or stud can 
be easily approximated.

For example, a 1⁄2-13 UNC nut is
torqued to 300 inch pounds. The resulting
approximate tension would be:

The most accurate way to determine
that the hydraulic power clamping system
is exactly duplicating the mechanical sys-
tem is to place the center hole cylinder over
the stud or bolt and replace the nut loosely
over the cylinder. Use the hydraulic system
to partially extend the cylinder until it con-
tacts the nut. Use a torque wrench to
torque the nut to its original value while
monitoring the system pressure gauge.
When the nut is properly torqued, the
gauge will indicate the exact system 
pressure setting for this application.

OOPPEERRAATTIINNGG PPRREESSSSUURREESS
Most Hytec workholding components are

rated at 5000 psi. When designing, it is a
good rule of thumb to choose components
for your fixture that will give you the forces
you need at a pressure of about 3000 psi.
This gives you plenty of latitude to adjust the
system pressure both up and down when fine
tuning the fixture on the machine tool.
Operating at lower pressures, while some-
times necessary, does not make the most
efficient use of these components. Higher
pressures allow the use of smaller compo-
nents, saving cost and fixture space.

DDEESSIIGGNN SSTTRROOKKEE LLEENNGGTTHH
Clamps and cylinders should never be

designed into a fixture at their rated full
stroke. Always use something less than full
stroke to make sure that all tolerances and
variations in the workpiece, workholding
device and fixture can be accepted, insuring
that the workpiece is properly clamped. 

VVOOLLUUMMEE CCAALLCCUULLAATTIIOONNSS
The total volume required to actuate a

circuit should be checked to make sure
that the power source chosen has enough
usable fluid capacity. The fluid volume
required to fully actuate each clamp and
cylinder is listed in the charts on each
product page. By totaling this value for
each component, you know the maximum
fluid volume that could possibly be used
in this fixture. Even the smallest Hytec
pumps have enough fluid volume for most
applications.

Since the fixture is designed to use less
than the full stroke of the actuators, the 
actual fluid volume will be less. If it becomes
necessary to get an exact figure, it can be
easily calculated using the following formula:

EEffffeeccttiivvee AArreeaa ((SSqq.. IInn..))  XX  SSttrrookkee ((IInn..)) 
== FFlluuiidd CCaappaacciittyy ((CCuu.. IInn..))

The effective area of the actuators (from
product chart) multiplied by the stroke used
(not total stroke) will result in the fluid vol-
ume. For example, if a cylinder has an effec-
tive area of 2 square inches, and an actual
stroke of 3 inches, its fluid volume will be 2 x
3 or 6 cubic inches. (For easy reference, 231
cubic inches = 1 gallon.)

SSYYSSTTEEMM CCAARREE AANNDD MMAAIINNTTEENNAANNCCEE
The single most important factor in deter-

mining the life of a properly designed system
is the effort taken to keep the fluid clean.

SSyysstteemm FFlluusshhiinngg
During assembly, make sure all fluid-

carrying components are flushed with clean
solvent and blown dry. Hydraulic tubing is

particularly notorious for the amount of
contaminant's found inside. If not removed,
this debris will quickly damage seals and
score precision-fit metal parts. The conta-
mination will also clog passages in pumps
and control valves.

After fixture assembly, the entire sys-
tem should be flushed to remove any cont-
amination created during assembly. Use
only hydraulic fluid for this procedure.
Solvents may become trapped in the sys-
tem, contaminating the fluid. 

Once the fluid in the system is clean,
be sure to keep it that way by changing the
fluid on a regular basis and making sure
that extreme care is taken whenever the
system is disconnected or disassembled so
that new contaminant's are not introduced.

SSyysstteemm BBlleeeeddiinngg
Air trapped in the hydraulic system is

the most common cause of erratic opera-
tion and slow return times. The most com-
mon way to bleed a system is to pressurize
the circuit and carefully loosen a fitting just
enough to let fluid escape. The trapped air
will usually be flushed out with the fluid.
With conventionally mounted components,
the fittings required for connection provide
ideal bleeding locations. Since manifold
mounting eliminates external fittings and
lines, the fixture designer/builder no longer
gets bleeding points by default and must
now consciously plan for system bleeding.

As workholding hydraulic systems
become more sophisticated, compact and
automated, proper bleeding becomes
increasingly important. Air trapped in the
system is most often revealed by the slow
retraction of single acting (spring return)
components. To understand why, picture
the following example:
• Single acting actuators - return springs 
develop 15 psi

• Flow required to clamp - 1 cubic inch 
• System pressure - 3000 psi

Return time for this application is dic-
tated by the time it takes to force 1 cubic
inch of fluid through all of the return line
restrictions at 15 psi.

Take the same example with 1 cubic inch 
of air (at atmospheric pressure) trapped
anywhere in the system:

When pressurized, this “bubble” com-
presses and becomes 200 times smaller or
.005 cubic inch. This means that .995 cubic
inch of oil must be pumped into the system
just to compress the bubble. Now when the
clamps are released, 1.995 cubic inches of
fluid must leave the system - nearly double
that of the same system without air.

330000
..55 XX ..1122

==  55000000 llbbss..TTeennssiioonn

TToorrqquuee ((IInn.. LLbbss..))
NNoommiinnaall tthhdd.. ssiizzee ((IInn..)) XX ..1122

==  TTeennssiioonn ((LLbbss..))

From this:

To this:
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Design Information

CCAALLCCUULLAATTIINNGG MMAACCHHIINNIINNGG FFOORRCCEESS
To help you choose the right cylinders,

clamps, and work supports, it is important
to know how much clamping or supporting
force is necessary.

There are numerous ways to calculate 
the approximate forces that the cutting tool
places on the workpiece. PPlleeaassee nnoottee tthhaatt
tthhee rreessuullttss ooff tthheessee ccaallccuullaattiioonnss aarree eessttii--
mmaatteess aanndd mmuusstt nneevveerr rreeppllaaccee eexxppeerriieennccee,,
ccoommmmoonn sseennssee,, aanndd ccaauuttiioonn.. In addition,
these results indicate only the magnitude 
of the force, not the direction. Depending
on the specific application, the direction of
the force may vary significantly from the
beginning to the end of the cut.

MMIILLLLIINNGG,, TTUURRNNIINNGG,, AANNDD BBOORRIINNGG
A rough estimate of cutting tool force—

if the horsepower required to make the cut
is known—is the result of the following
equation:

HHPP  XX  2244,,775500

CCuuttttiinngg SSppeeeedd ((SSFFPPMM))

For example, an operation is expected to
take 5 horsepower with a cutting speed of
150 surface feet per minute. 

55  XX  2244,,775500 

115500

Where horsepower is not yet known, a
value called unit power comes into play.
Unit power is the horsepower required to
remove one cubic inch of material in one
minute. (Refer to Table A.)

MMIILLLLIINNGG

Example: a 4-flute end mill is used to
machine aluminum. The cut is 1⁄2" deep and
the feed per tooth is .002". From the table
the unit power value is 0.4. So the cutting
force transferred to the workpiece is: 

..55  XX  ..000022  XX  44  XX  ..44  XX  112255,,995500  ==  220022 llbbss.. 
CCuuttttiinngg FFoorrccee    

Note that  this calculation assumes a full
width cut. Applications using less than the
full cut may reduce the calculated force by
the percentage of the full cut being taken.

TTUURRNNIINNGG AANNDD BBOORRIINNGG
A similar calculation applies to turning

and boring. Note that the cutting force is
usually perpendicular to the cutting tool 
but since the tool or workpiece is rotating,
the direction of the force relative to the
work piece is constantly changing.

Example: Boring a hole in alloy steel heat
treated to 37 Rc (unit power 1.7), with a
depth of cut of .060", a feed rate of .003"
inches per revolution gives a result of:

..006600 XX ..000033 XX 11..77 XX 339966,,000000 == 112211 llbbss.. CCuuttttiinngg FFoorrccee

DDRRIILLLLIINNGG
The forces involved in drilling can be 

separated into two distinctly different 
categories: thrust and torque. With the

number of drill styles available, the thrust
varies tremendously. Torque is somewhat
less variable and can be estimated as shown:

FFeeeedd ((IIPPRR))  XX  ((DDrriillll DDiiaa..))2 XX  UUnniitt PPoowweerr  XX 4499,,550000 == 
DDrriilllliinngg TToorrqquuee ((IInn.. LLbbss..))

For example, drilling a 3⁄4" diameter hole
in magnesium (unit power .2) with a feed
rate of .010" per revolution gives a result of:

..001100  XX  ..77552 XX  ..22  XX  4499,,550000  ==  5566 iinn.. llbbss..

FFRRIICCTTIIOONN CCOOEEFFFFIICCIIEENNTT
Now that an estimate of the amount of

cutter force being transferred to the work-
piece is available, we must determine how
much clamping force is necessary to resist
the cutter force. This depends on the
amount of friction between the workpiece
and the fixture, commonly referred to as
the friction coefficient. 

Typically, if an object is lying on a surface,
the amount of force required to slide it
sideways will be considerably less than the
weight of the object. It follows then that
when clamping a workpiece to resist
machining forces, the clamping force will
need to be much higher than the machining
force. The following chart shows approxi-
mate friction coefficients:

The estimated clamping force is divided
by the appropriate friction coefficient and
then multiplied by a suitable safety factor 
to get an estimated total clamping force
required.

CCuuttttiinngg FFoorrccee ((LLbbss..)) ==

==  882255 llbbss.. CCuuttttiinngg FFoorrccee

DDeepptthh ooff CCuutt ((IInn..))
FFeeeedd ppeerr TTooootthh ((IInn..))

NNuummbbeerr ooff TTeeeetthh
UUnniitt PPoowweerr

______XX______XX______XX______ XX 112255,,995500  ==  __________ llbbss..
CCuuttttiinngg FFoorrccee 

DDeepptthh ooff CCuutt ((IInn..))
FFeeeedd ppeerr RReevvoolluuttiioonn ((IInn..))

UUnniitt PPoowweerr

________XX________XX________XX  339966,,000000  ==  __________ llbbss..
CCuuttttiinngg FFoorrccee

CAST IRONS
Gray, Ductile
& Malleable

STAINLESS
STEELS

TITANIUM

NICKEL
ALLOYS

ALUMINUM
ALLOYS

MAGNESIUM
ALLOYS

COPPER
ALLOYS

STEELS
Plain 
Carbon
Alloy Steels

85-200 1.4 1.3 1.4
35-40Rc 1.7 1.7 1.9
40-50Rc 1.9 2.1 2.2
50-55Rc 2.5 2.6 2.6
55-58Rc 4.2 3.2 3.2

110-190 0.9 1.2 0.8
190-320 1.7 2.0 1.4

135-275 1.6 1.4 1.7
30-45Rc 1.7 1.5 1.9

250-375 1.5 1.4 1.4

80-360 2.5 2.2 2.4

30-150 0.3 0.2 0.4
500kg

40-90 0.2 0.2 0.2
500kg

10-80Rb 0.8 0.6 0.8
80-100Rb 1.2 1.0 1.2

Unit Power hp/in3/min

HSS
Drills

MillingTurning Drilling

HSS &
Carbide
Tools

HSS &
Carbide
Tools

Hardness

Bhn
Material

TTAABBLLEE AA

SSttaattiicc FFrriiccttiioonn CCooeeffffiicciieennttss 
ffoorr SStteeeell oonn VVaarriioouuss MMaatteerriiaallss

MMaacchhiinniinngg FFoorrccee ((LLbbss..))

FFrriiccttiioonn CCooeeffffiicciieenntt
XX  SSaaffeettyy FFaaccttoorr  == TToottaall 

CCllaammppiinngg
FFoorrccee ((LLbbss..))

Example: A steel workpiece on steel rest
buttons is being machined using coolant. The
estimated machining force is 300 lbs. From
the table the friction coefficient for steel on
steel (lubricated) is .16. After choosing an
appropriate safety factor (usually about 2),
the estimated total clamping force would be:

330000

..1166

This total clamping force may now be 
divided by the number of clamps holding the
workpiece, which equals the clamping force
needed for each clamp.

XX  22  ==  33775500 llbbss.. TToottaall CCllaammppiinngg FFoorrccee

Force

Cutting
Tool

Force

FFrriiccttiioonn CCooeeffffiicciieenntt
MMaatteerriiaall CClleeaann LLuubbrriiccaatteedd

BBrraassss 0.35 0.19

BBrroonnzzee – 0.16

BBrroonnzzee,, AAlluummiinnuumm 0.45 –

BBrroonnzzee,, PPhhoosspphhoorr 0.35 –

BBrroonnzzee,, SSiinntteerreedd – 0.13

CCaarrbboonn,, HHaarrdd 0.14 0.11-0.14

CCooppppeerr--LLeeaadd AAllllooyy 0.22 –

GGrraapphhiittee 0.10 0.10

IIrroonn,, CCaasstt 0.40 0.21

SStteeeell 0.80 0.16

TTuunnggsstteenn CCaarrbbiiddee               0.4-0.6 0.1-0.2
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CYLINDER SYMBOLS

Cylinder, Single-Acting

Cylinder, Double-Acting

Cylinder, Single or Double-Acting

Pull Cylinder, Single-Acting, Spring Return

Pull Cylinder, Single-Acting

CLAMP SYMBOLS

Swing/Pull Clamp, Single-Acting 
w/Flow Restrictor Valve

Swing/Pull Clamp, Double-Acting

Swing/Pull Clamp, Single-Acting

Swing Clamp, Single or Double-Acting

Retract Clamp, Single or Double-Acting

W ORK SUPPORT SYMBOLS

Work Support, Fluid Advance

W ORK SUPPORT SYMBOLS

Work Support, Spring Advance

Work Support, Air Advance

POWER SOURCE SYMBOLS

Electric/Hydraulic Pump

Air/Hydraulic Pump, Reciprocating

Air/Hydraulic Pump, Reciprocating 2-stage

Intensifier

CONTROL VALVE SYMBOLS

Directional Control Valve, Manual 4-Way,
2-Position w/Inlet Check Valve

Directional Control Valve, Manual 4-Way, 
2-Position w/Inlet and Outlet Check Valves

Directional Control Valve, Manual 4-Way, 
3-Position Detented

Directional Control Valve, Electric 4-Way,
2-Position w/Inlet and Outlet Check Valves 
w/Manual Override

Directional Control Valve, Manual 4-Way, 
2-Position

Design Information

M

A B

P T



CONTROL VALVE SYMBOLS

Pressure Sequence Valve, Adjustable w/Reverse 
Free-Flow Check Valve

Pressure Reducing Valve, Adjustable w/Reverse 
Free-Flow Check Valve w/Over-Pressure Relief Valve

Check Valve, Pilot Operated w/Filters

Flow Restrictor, Adjustable w/Reverse 
Free-Flow Check Valve

Flow Restrictor, Adjustable

PALLET COUPLING SYMBOLS

Manual Pallet Valve w/Gauge and Male Coupler

Manual Pallet Valve With Filters, Gauge and 
Coupler

ACCESSORY SYMBOLS

Hydraulic Coupler, Half-Male or Female

Hydraulic Coupler Set, Coupled

ACCESSORY SYMBOLS

Check Valve

Flow Restrictor, Fitted w/Reverse Free-Flow
Check Valve w/Filtered Orifice

Hydraulic Coupler Set, Uncoupled

Accumulator, Gas Charged

Filter

Pressure Gauge

Rotating Union, Dual Circuit

Rotating Union, Single Circuit

Pressure Switch, Adjustable

Check Valve Sub-Plate

Air Bleed Valve

Ball Valve

13

Design Information

TP

BA
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Conversion Formulas

AAPPPPRROOXXIIMMAATTEE CCOONNVVEERRSSIIOONN
TO GET 

MULTIPLY BY OR BY
TO

MULTIPLY 
GET 

SI* CONV NON-SI CONV SI* 
UNIT FACTOR UNIT FACTOR UNIT

LLEENNGGTTHH
millimeter (mm) X  0.03937 =  inch X  25.4 =  mm 
(1 inch = 25.4 mm exactly)
centimeter (cm) 10 mm X  0.3937 =  inch X  2.54 =  cm
meter (m) 1000 mm X  3.28 =  foot X  0.305 =  m
meter (m) X  1.09 =  yard X  0.914 =  m
kilometer (km) 1000 m X  0.62 =  mile X 1.61 =  km

AARREEAA
millimeter2 (mm2 ) X  0.00155 =  inch2 X  645 =  mm2  

centimeter2 (cm2) X  0.155 =  inch2 X  6.45 =  cm2

meter2 (m2) X  10.8 =  foot2 X  0.0929 =  m2

meter2 (m2) X  1.2 =  yard2 X  0.836 =  m2

hectare (ha) 10,000 m2 X  2.47 =  acre X  0.405 =  ha
kilometer2 (km2) X  0.39 =  mile2 X  2.59 =  km2

VVOOLLUUMMEE
centimeter3 (cm3) X  0.061 =  inch3 X  16.4 =  cm3

liter (l) X  61 =  inch3 X  0.016 =  l
milliliter (ml ) X  0.034 =  oz-liq X  29.6 =  ml (1 ml =
1 cm3)
liter (l) 1000 ml X  1.06 =  quart X  0.946 =  l
liter (l) X  0.26 =  gallon X  3.79 =  l
meter3 (m3) 1000 l X  1.3 =  yard3 X  0.76 =  m3

MMAASSSS
gram (g) X  0.035 =  ounce X  28.3 =  g
kilogram (kg) 1000 g X  2.2 =  pound X  0.454 =  kg
metric ton (t) 1000 kg X  1.1 =  ton (short) X  0.907 =  t

AAPPPPRROOXXIIMMAATTEE CCOONNVVEERRSSIIOONN
TO GET 

MULTIPLY BY OR BY
TO

MULTIPLY 
GET 

SI* CONV NON-SI CONV SI* 
UNIT FACTOR UNIT FACTOR UNIT

FFOORRCCEE ((NN == kkgg •• mm//ss22))
newton (N) X  0.225 =  pound X  4.45 =  N
kilonewton (kN) X  225 =  pound X 0.00445 =  kN

TTOORRQQUUEE
newton meter (N•m) X  8.9 =  lb. in. X  0.113 =  N•m
newton meter (N•m) X  0.74 =  lb. ft. X  1.36 =  N•m

PPRREESSSSUURREE ((PPaa == NN//mm22))
kilopascal (kPa) X  4.0 =  in. H2O X  0.249 =  kPa
kilopascal (kPa) X  0.30 =  in. Hg X  3.38 =  kPa
kilopascal (kPa) X  0.145 =  p.s.i. X  6.89 =  kPa
megapascal (MPa) X  145 =  p.s.i. X  0.00689 =  MPa
Bar X  14.5 =  p.s.i. X  .0689 =  Bar

PPOOWWEERR ((ww == JJ//ss))
kilowatt (kw) X  1.34 =  hp X  0.746 =  kw
kilowatt (kw) X  0.948 =  Btu/s X  1.055 =  kw
watt (w) X  0.74 =  ft. lb/s X  1.36 =  w

TTEEMMPPEERRAATTUURREE
°C = (°F - 32) ÷ 1.8 °F = (°C X 1.8) + 32

FFLLOOWW
cu. cm./min. X  .061 =  cu. in/min.X  16.4    =  cu. cm./min.
liters/min. X  .2642 =  GPMX  3.785  =  liters/min.

* System International (Modern Metric System)

SSII** CCoonnvveerrssiioonn FFoorrmmuullaass

DECIMALS MILLIMETERS

11//6644 ..001155662255 —— 00..339977
11//3322 ..0033112255 —— 00..779944
33//6644 ..004466887755 —— 11..119911
11//1166 ..00662255 —— 11..558888
55//6644 ..007788112255 —— 11..998844
33//3322 ..0099337755 —— 22..338811
77//6644 ..110099337755 —— 22..777788
11//88 ..11225500 —— 33..117755
99//6644 ..114400662255 —— 33..557722
55//3322 ..1155662255 —— 33..996699
1111//6644 ..117711887755 —— 44..336666
33//1166 ..11887755 —— 44..776633
1133//6644 ..220033112255 —— 55..115599
77//3322 ..2211887755 —— 55..555566
1155//6644 ..223344337755 —— 55..995533
11//44 ..22550000 —— 66..335500
1177//6644 ..226655662255 —— 66..774477
99//3322 ..2288112255 —— 77..114444
1199//6644 ..229966887755 —— 77..554411
55//1166 ..33112255 —— 77..993388
2211//6644 ..332288112255 —— 88..333344
1111//3322 ..3344337755 —— 88..773311

DECIMALS MILLIMETERS

2233//6644 ..335599337755 —— 99..112288
33//88 ..33775500 —— 99..552255
2255//6644 ..339900662255 —— 99..992222
1133//3322 ..4400662255 —— 1100..331199
2277//6644 ..442211887755 —— 1100..771166
77//1166 ..44337755 —— 1111..111133
2299//6644 ..445533112255 —— 1111..550099
1155//3322 ..4466887755 —— 1111..990066
3311//6644 ..448844337755 —— 1122..330033
11//22 ..55000000 —— 1122..770000
3333//6644 ..551155662255 —— 1133..009977
1177//3322 ..5533112255 —— 1133..449944
3355//6644 ..554466887755 —— 1133..889911
99//1166 ..55662255 —— 1144..228888
3377//6644 ..557788112255 —— 1144..668844
1199//3322 ..5599337755 —— 1155..008811
3399//6644 ..660099337755 —— 1155..447788
55//88 ..66225500 —— 1155..887755
4411//6644 ..664400662255 —— 1166..227722
2211//3322 ..6655662255 —— 1166..666699
4433//6644 ..667711887755 —— 1177..006666
1111//1166 ..66887755 —— 1177..446633

DECIMALS MILLIMETERS

4455//6644 ..770033112255 —— 1177..885599
2233//3322 ..7711887755 —— 1188..225566
4477//6644 ..773344337755 —— 1188..665533
33//44 ..77550000 —— 1199..005500
4499//6644 ..776655662255 —— 1199..444477
2255//3322 ..7788112255 —— 1199..884444
5511//6644 ..779966887755 —— 2200..224411
1133//1166 ..88112255 —— 2200..663388
5533//6644 ..882288112255 —— 2211..003344
2277//3322 ..8844337755 —— 2211..443311
5555//6644 ..885599337755 —— 2211..882288
77//88 ..88775500 —— 2222..222255
5577//6644 ..889900662255 —— 2222..662222
2299//3322 ..9900662255 —— 2233..001199
5599//6644 ..992211887755 —— 2233..441166
1155//1166 ..99337755 —— 2233..881133
6611//6644 ..995533112255 —— 2244..220099
3311//3322 ..9966887755 —— 2244..660066
6633//6644 ..998844337755 —— 2255..000033
11 11..000000 —— 2255..440000

11 mmmm == ..0033993377""
..000011"" == ..00225544 mmmm

DDeecciimmaall && MMiilllliimmeetteerr EEqquuiivvaalleennttss



SSaaffeettyy mmeeaannss paying attention to
the smallest details. A hastily assem-
bled workholding system can result in
a hazardous operator environment.
Hydraulic workholding is not a gener-
ic technique where most anything will
work nor is there one right or best
answer for all situations. Each appli-
cation is different and can be
approached in many different ways.
Because of this versatility, there is no
rule-of-thumb to follow to guarantee
safety. Knowledge, careful fixture
design and common sense are likely
the key to avoiding injuries.

Plan your fixture installation with the opera-
tor’s safety in mind. By nature, most clamping
devices have pinch points. Many times the fix-
ture can be designed to shield the operator
from a pinching hazard. Often the placement
of the clamping device in the fixture can mini-
mize the gap between the clamp and the work-
piece thus reducing or eliminating the pinch
point. Perhaps the clamping control valve or
switch can be located such that the operator
cannot reach the fixture and the control at the
same time. Dual palm buttons on electrically
actuated systems serve the same purpose.

Don’t require the operator to hold the work-
piece in position during the clamping opera-
tion. Make sure that the workpiece is self sup-
porting and self locating so that the operator’s
hands can be out of danger when the
hydraulic system is actuated. Often a simple
spring plunger is all that is necessary.

The lloowweesstt pressure rating of any compo-
nent in the clamping system sets the mmaaxxii--
mmuumm pressure rating for the entire system.

Most Hytec hydraulic workholding compo-
nents are rated at 5,000 psi maximum.
However, some components are rated at less
than 5,000 psi. The maximum pressure is list-
ed on each product page of this catalog. NNeevveerr
eexxcceeeedd tthhiiss rraattiinngg..

Just having a clamp that is rated at 5,000
psi is not enough. Every hose, fitting, valve,
adapter and tube exposed to pressure must be
rated at or above the maximum hydraulic sys-
tem pressure. Most “hardware store” fittings
are intended only for low pressure plumbing.
Never use water pipe fittings or copper tubing
and brass fittings for hydraulic service.

Use proper tools when bending tubing and
maintain proper minimum bend radii for hoses
and tubing. If a hose or tube is ever kinked,
replace it. Don’t risk a rupture. Fluid escaping
under high pressure is dangerous. The result-
ing loss in pressure could release the work-
piece from the fixture and cause serious injury
and equipment damage by being ejected from
the machine or breaking tooling.

Tubing and hoses do flex when pressurized.
Allow for that movement by supporting the
fluid lines away from surfaces which could
abrade the surface and eventually cause dam-
age. Avoid straight lengths of hose and tubing.
A bend will allow for this deflection without
putting too much stress on the line.

Even if proper hydraulic tubing and fittings
are specified, be sure to protect them from
abuse. Components damaged from abrasion
or accidental dropping of a workpiece will no
longer have the strength and safety originally
designed.

Use proper mounting hardware when
installing workholding clamps and other com-
ponents. Always use the largest bolt available
to fit in the mounting hole. In many cases, the
recommended cap screw or thread is specified
on the product page of this catalog.
Sometimes the mounting hardware is included
with the component. Always use supplied
hardware.

... a note on 
SAFETY
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