
Introduction
For many years, the aerospace industry has advanced 

the  composite  arts  with  improved  materials,  methods,  and 
fabrication  proceedures.  Finally,  composite  technology  has 
reached a point where it is practical and superior to steel in 
the demanding applications of machining 

Composites  are  analogous  to  alloys.  We mix  different 
fibers, different orientations, and different fiber/resin ratios to 
achieve desired properties. For instance, in an application that 
stiffness is paramount, a high concentration of carbon fibers 
can be located at a large radius in the cross section. Typical 
stiffness  of  these  materials  exceeds  steel  by  a  significant 
margin. Steel has a modulus of 200GPa (29Msi), whereas a 
composite designed for stiffness can have a modulus of 379 
GPa  (55Msi).  However,  stiffness  is  only  one  of  many 
advantages to implenting composite tooling.

Advantages to Exploring Composite Tooling
1. Increased tooling stiffness means less deflection and a  

higher  chip  load for  a  given deflection.  Stiffness also  
contributes  to  a  higher  natural  frequency  when  
compared to steel based tooling.  

2. Less tooling body mass means that rapids aren't as hard  
on  bearings  or  drive  motors.  Power  consumption  is  
reduced in processes with speed changes. Light weight  
also contributes to a higher natural frequency.  

3. Negligible  thermal  expansion means  compensation  is  
significantly easier and offsets remain more consistent  
through temperature changes.  

4. Greater vibration damping  means that forced vibration 
and chatter are attenuated by internal energy absorbtion  
inherent to the composite lamina.

 Technology Readiness and Availability
1. What phase of development is the product?

The product is entering the beta testing phase. Sup.  
Technologies  is  searching  for  beta  testing  partners  to  
help improve real world processes with the technology.

2. Can I get a prototype for my application?
Yes. Tool holder blanks can be created for a variety of  
applications.  If  you  feel  your  process  or  facility  is  
appropriate for this emerging technology please inquire.

3. I'm an  OEM.  Can I  integrate  this  technology with  my 
product(s).
Yes. The benefits of doing so are outlined technically in  
this document for both standard and tuned mass tooling.  
Sup. Tech is open to technology license inquiries.



Types of Tooling 
Rotating  tooling,  boring  tooling,  specials...  The  types  of  tooling  that  can  be 

converted include a broad range of holder sizes and platforms. Depending on the need, 
tooling design is conducted and tools are fabricated.  Below is an example of  a CV50  
holder  design  with  a standard  2.1"  shank diameter.  The body has been converted  to 
composite while the front end remains steel. Prototype tools are typically provided to the 
customer as a finished blank, only requiring a front end bore. 



Engineering Properties
To  highlight  the  engineering  advantages  of  composite  tooling,  the  physical 

properties can be discussed. In all properties, composites are superior for use in cutting 
tool applications. Perhaps the most amazing property is the thermal expansion coefficient 
of the composite material, which is near zero and contracting instead of expanding!
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Dynamic Response
In long overhang tooling such as boring bars, the  lenght to diameter ratio (L:D) 

controls the natural frequency of the bar according to the bar compliance and overhanging 
mass.  It  is  desirable  to  maintain  the  highest  stiffness  and  lowest  mass.  Basic 
underdamped natural frequency is approximated as =k /m .
A simple thought experiment shows the freqyency advantage of composite tools- 

A typical 8:1 overhang steel tool with a mass, m=10 kg and k=3x106 N /m . This 
steel tool  has a natural frequency of 550 rad/s (87 Hz).  The same holder,  made from 
composites has a mass 1/5 of the steel bar m=2kg and a stiffness of 1.5 times the steel 
bar  k=4.5x106N /m . The composite tool  has a natural frequency of 1500 rad/s (239 
Hz).

Boring bars with extreme overhanging length are one of the examples that can be 
used to give a real world example of the advantage. The plot below shows the recorded 
frequency response of a composite boring bar at two extreme overhang lengths. The red 
plot  is an overhang of 8.2:1,  and L:D that  exceeds recommendation even tuned steel  
boring bars.  Even at  this  overhang,  the frequency is  about  twice  a steel  bar.  At  10:1 
overhang, the composite bar continues to maintain an advantage over steel. In fact, the 
10:1 composite bar has a higher natural frequency than an 8:1 steel bar. 



Damping is also improved with the composite tool. Damping factors ten times greater than 
steel are easily achieved. This means that vibrations entering the tool are attenuated faster 
and more effectively than with a steel tool. Coupled with the higher natural frequency, the 
damping helps to avoid chatter and forced vibration problems.

Advantageous for OEMs
1. Tuned Mass Damping and Tunable Tools

The use of tuned mass damping (TMD) is more effective with a composite bar. The  
tuning mass can weigh less since the ratio of the tuning mass to the bar mass is  
easier to achieve with composite tools. This means better performance, but also  
means the tuning mass can be made from steel or brass instead of a costly  
tungsten based mass.  For an OEM, this means significant cost savings in tool  
manufacturing.

2. Lower Cost of the Composite Materials  
The  composite  fabrication  process  is  additive  and  can  be  significantly  less  
expensive than purchasing approprate tool steels and machining the entire shank.  
This is particularly true for large tools such as boring bars.

3. Reduced Tooling Manufacture Cost
For tools requiring internal componentry such as TMD tooling,tooling with complex  
coolant lines, and tooling with deep drilling composite tools have an advantage.  
Manufacturing costs are reduced by the additive nature of the composite fabrication  
since structures and objects can be easily embedded into the design. 




