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VIBROCOOL
VIBRATION-ASSISTED DRILLING OF FRP  
AND FRP-METAL-STACKS USING SPECIAL  
COOLING/LUBRICATION STRATEGIES



To increase the cutting performance of drilling operations 

involving CFRP (carbon fiber reinforced polymers) and CFRP-Al 

metal stacks (CFRP with aluminum), a new drilling system and 

the corresponding process technology was developed and 

optimized in the “VibroCool” project. This system combines 

vibration-assisted drilling with the application of cryogenic 

cooling and optimally designed polycrystalline diamond (PCD) 

drills. The new technology enables end users to adapt existing 

machining operations, decrease cutting time and improve 

workpiece quality.

Modular Approach

The VibroCool project is characterized by a holistic multilevel 

approach focusing on three interdisciplinary R&D modules and 

the integration of all of the newly developed technologies to 

achieve a modified composite-cutting machine.

System Technology

Target: The development and integration of all of the system 

components required to enable ultrasonic assisted machining 

and the use of a combined liquid CO2 and aerosol coolant- 

lubrication within the “VibroCool” machining platform.

A custom-made machine spindle with a standard HSK-A63 

tool interface, a two-channel cooling-lubrication system and 

a contact-free energy transmission unit suitable for ultrasonic 

technology was designed and manufactured. The spindle 

enables high-frequency electrical energy transmission and the 

internal feed of aerosol and liquid CO2 at a pressure of 60 bar. 

The maximum rotational speed is currently 20,000 rpm, with 

development of a further variant with a 50% higher permissi-

ble speed is in progress.

The ultrasonic tool holder developed, has a mechanical and 

electrical interface to the machine spindle. Two electrical pins 

are integrated in the flat end of the interface geometry. These 

transfer the generator energy to the transducer/actuator, 

where piezo ceramics convert the electrical signals into high 

frequency mechanical vibration. The transducer is designed to 

be conical in order to enhance the vibration amplitude and it 

is equipped with a thermal shrink-fit. A vibration frequency of 

32.5 kHz and amplitudes (peak to peak) in the range of 6 to 

8 µm were achieved using the newly-developed PCD tools. In 

addition to providing the ultrasonic tool movement function, 

the holder enables the combined CO2-MQL (Minimum 

Quantity Lubrication) coolant-lubrication technology to be 

implemented. Since both systems (machine spindle and tool 

holder) have standard interfaces, the can be easily integrated 

into virtually any existing or new cutting machine.

In order to increase the cutting performance, new cutting oil 

compositions have been developed for cryogenic drilling oper-

ations conducted on CFRP and CFRP-Al stacks. To this end, the 

wetting and wear reduction performance at low temperatures 

were analyzed for different basic components and additives. 

Ester and saturated fatty alcohols in combination with phos-

phorus and sulfur additives were found to give the best results 

for the relevant workpiece materials.

The demand for high-performance composite structures and hybr id mater ia ls  i s  set  to increase s ignif icant-

ly  throughout a range of European industr ia l  sectors.  The major i ty  of  these components are connected to 

other predominant ly  metal l ic  parts ,  usual ly  v ia bolted jo ints  or r ivets  requir ing high-qual i ty  dr i l l  holes. 

The need to ensure f i rst-c lass,  economical  ser ia l  product ion of the burgeoning group of composite-based 

mater ia ls  makes i t  essent ia l  to develop more advanced dr i l l ing technologies.



Cutting Tool Technology

Target: Development of optimized polycrystalline diamond 

drilling tools for ultrasonic assisted drilling of CFRP and CFRP-
Al stacks and the possible application of combined liquid CO2 

and aerosol coolant-lubrication.

Different diamond grades, tool tip geometries and other geo-

metrical features have been investigated in terms of drilling 

CFRP and CFRP-Al stacks. PCD with an average grain size of 

10 µm performed best. In the case of CFRP, a double-tipped 

drill with primary tip angle of 118° and secondary tip angle 

of 45° achieved the best results and for CFRP-Al drilling, a 

single tipped drill with chamfered tool corner was the optimal 

choice. A new internal carbide rod geometry had to be used 

to implement the planned two-channel cooling-lubrication 

strategy of the “VibroCool” project. Two spiral bore holes for 

the aerosol supply and one central bore hole with two exits 

(y-shape) for the supply of the CO2 were integrated into the 

rod. The higher rod price was offset by the more efficient tool 

manufacturing process.

Cutting Process Technology

Target: Process investigations aimed at achieving the best pos-

sible system and cutting tool development, but also maximum 

exploitation of the potential for the “VibroCool” machining 

platform.

The application of ultrasonic assistance has a clearly measurable 

effect on the resulting thrust force. With increasing ultrasonic 

frequency and amplitude, the reduction is more pronounced 

both for individual CFRP and for stacks. Furthermore, the 

ultrasonic effect is intensified as tool wear progresses, opening 

up possibilities for a longer tool life. In the course of the 

investigations, tool damage at the cutting edge could not be 

avoided for a standard tool tip geometry in combination with 

conventional dry machining operations conducted at high 

cutting speeds, which are a measure of increased machining 

productivity. Applying ultrasonic vibration with improved tool 

geometry for CFRP drilling, was found to be an effective way 

to prevent premature tool damage. The additional application 

of two-channel MQL (Minimum Quantity Lubrication)-CO2 

technology reduced tool wear significantly, due mainly to the 

change in fiber cutting behavior, the use of more efficient 

coolant-lubrication and improved accessibility for the cooling 

lubrication media, all of which are related to the interrupted 

cutting process resulting from ultrasonic assistance.

One-shot drilling (drilling different workpiece materials with 

one single tool and process) of FRP-metal stacks is always 

associated with deviations between the bore hole diameters 

generated in FRP and the metal part. These deviations are 

attributable to the different machining behaviors and the 

related material resilience. When the entire “VibroCool”- 

technology is applied, these deviations can be reduced by 

70% in comparison with a conventional drilling process using 

standard cooling and lubrication solution.

Conclusion

The potential of the system and tool technology developed 

within the framework of all of the investigations completed to 

date has already been demonstrated. To make full use of this 

technology and to gain comprehensive process knowledge, 

further investigations are needed. The “VibroCool” machining 

platform is, therefore, now available at the research institute. 

Further advantages of the “VibroCool” technology are the 

easy transferability to other workpiece materials and processes 

as well as the possibility of using ultrasonic technology for 

process monitoring activities, which will be a focus of future 

research.
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