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How SmartPierce Is Impacting 
3D Laser Processing

High-power, quasi-continuous wave (QCW) fi -

ber lasers have dramatically increased the ef-

fi ciency of 3D laser processing.  The fi ber la-

ser is intrinsically more energy effi cient than previous 

generations of gas and solid-state lasers, which was 

an early driver for laser users to adopt fi ber lasers. 

However, the QCW variety of fi ber lasers offers much 

more. The higher average power, range of pulse parameters 

and speed with which laser conditions can be changed have 

given rise to higher processing speeds, increased quality 

and even new capability.  With this fl exibility and range of 

laser parameters available, it is common for a single 3D laser 

system with high-power QCW fi ber laser to fi nd applications 

for laser cutting, welding and drilling—especially in job shops 

and industries like aerospace where low-volume, high-value 

part production is required. 

smart manufacturing

Multiplying QCW fi ber laser effi ciencies in aerospace applications

Precise � ber laser cutting multiple 
intricate airfoil shapes, round 

holes and edges in 3.5 mm thick 
nickel-based aerospace alloy 

made possible by the Laserdyne 
SmartPierce process.
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Add to these QCW laser systems SmartTechniques from 

Prima Power Laserdyne and amazing productivity and ef-

fi ciency increases in a wide range of applications particularly 

for aerospace manufacturers. That’s because QCW fi ber lasers 

operate in both CW and high-peak-power pulsed modes. The 

peak power in QCW mode is up to 10 times higher than the 

average power, allowing the system to do much more, espe-

cially when operating with Laserdyne’s SmartTechniques.

Laser system operating costs are a major consideration 

for every manufacturer. Considering that QCW fi ber lasers 

provide much lower electrical usage (the main component of 

operating cost for laser systems in general), no replacement 

consumables, much lower overall maintenance and little lost 

time due to warm up, using systems with SmartTechniques 

makes more sense than ever. 

Here’s how one of the SmartTechniques—SmartPierce—is 

impacting 3D laser processing in aerospace manufacturing.

A Smart Prerequisite to Cutting and Drilling

Regardless of material type and thickness, laser cutting 

and drilling (trepanning) processes begin with piercing that 

governs the overall quality of the feature. In other words, if 

the pierce is clean and robust, the stage is set for a clean 

hole or cut. 

However, if the pierce is poor or incomplete, there is signifi -

cant opportunity for cut quality to be poor or, in some cases, 

for the cut to fail.  In other words, a robust pierce is a prerequi-

site for every reliable laser cutting and drilling process. This is 

especially important in very-high-value aerospace components 

to avoid scrap parts made of high-temperature alloy metals 

many of which are thermal barrier coated.

SmartPierce contributes to a robust pierce by optimiz-

ing pierce parameters as the process progresses through 

the thickness of the material. In thin metal, the impact can 

be signifi cant, particularly in terms of quality as measured 

by cleanliness of the fi nished part. For thicker materials, the 

opportunity for both greater throughput and quality improve-

ments can be much greater. 

A Path to Increased Productivity

The unique piercing capability with SmartPierce posi-

tively impacts productivity, quality, and capability of preci-

sion laser processing.

There are three main ways in which SmartPierce with 

the high power QCW fi ber laser has been demonstrated to 

increase productivity: (1) reducing the time to complete the 

pierce (2) reducing the distance of moves from the pierce 

point to the cut profi le and (3) reducing, or in some cases 

eliminating, post processing (e.g. deburring or removing 

debris from piercing) of cut and drilled parts.

Reducing Time to Complete the Pierce

 The main laser parameters for piercing are pulse width, 

peak power, and pulse frequency. Assist gas type and 

pressure are also important to achieve minimal pierce time 

without compromising quality. 

With SmartPierce, laser parameters are optimized as 

the pierce cycle progresses through the thickness of the 

material to control the removal of laser-melted metal.  This 

optimization minimizes the volume of material removed and 

maximizes the material removal effi ciency with depth. One 

consequence is that the reduction in piercing time is greater 

as the material thickness increases.

Pierce on the Cut Profi le

With a smaller, more controlled pierce point comes an 

ability to start the cut near the cut line. Those familiar with 

laser cutting know that it is common to pierce at or near the 

center of a feature to be cut, then move to an edge of the 

Airfoil pro� le cut in 3.5 mm thick nickel-based aerospace 
alloy. A clean pierce using the SmartPierce process 
prevents contamination of adjacent, previously cut holes 
and slots from the pierce. It also minimizes the need for 
debris removal after laser cutting.
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profile and follow the profile to make the cut before returning 

to the pierce point. 

When cycle time is a priority, as is the case with aero-

space engine component fabrication, the distance of this 

move is minimized while ensuring that the pierce related 

debris is contained within what becomes the scrap from the 

part feature. The shorter the distance between the pierce 

point and the profile, the better from a cycle time standpoint.  

In fact, it is best if piercing occurs on the edge of the feature 

to eliminate additional moves.

SmartPierce minimizes the diameter of the pierce point. 

In many applications, this means that piercing can begin on 

the profile edge. In fact, the requirement to start on the profile 

was one of initial drivers for development of SmartPierce. 

Reduce or Eliminate Post 

Processing of Cut and Drilled Parts

Minimizing debris created during piercing reduces and 

in many cases eliminates the need for post-cut finishing of 

the surface. 

A common application in production of stator rings for 

both aero-engines and turbines for power generation is 

cutting of airfoil shapes in nickel alloys and stainless steel 

rings. Slots require clean, precise edges with minimal taper 

since a subsequent process involves brazing or laser welding 

blades into the slot. SmartPierce minimizes the amount of 

debris within a slot and in previously cut slots, minimizing the 

degree of cleaning of the rings required before the brazing or 

welding process. 

Controlling Debris Improves Quality

Better control of piercing through SmartPierce with the 

QCW fiber laser reduces the amount of debris that is formed.  

Until the pierce is completed, all of the material in the pierce 

volume must exit from the top surface. For high-power lasers 

operating in the microsecond and millisecond pulse regime, 

the mechanism for removal of this material is referred to as 

melt expulsion. 

 Melt expulsion involves molten metal particles being 

ejected from the pierce volume. The laser melted and ex-

pelled metal rapidly cools, falling onto the surface of the part 

or onto the edges of previously cut features. Minimizing the 

amount of debris is key to improving the quality of the parts 

as measured by: (1) surface appearance (2) consistency of 

the pierce and (3) distortion.

One of the key challenges when creating dense patterns 

of laser cut or drilled features is avoiding contamination of 

previously cut features by piercing debris. 

Directing the debris from piercing onto the unprocessed 

material is sometimes used to prevent contamination of pre-

viously cut features. However, this is not a perfect solution in 

that the resulting rough surface is not conducive to precision 

gas assisted cutting since the roughness disturbs the flow of 

assist gas into the cut.  

Minimizing debris from piercing that attaches to the part 

surface leads to more consistent processes and higher qual-

ity laser processed features.

Another challenge in laser processing dense patterns of 

features occurs when molten metal spatter from piercing 

collects on the part surface. With this comes local heating 

of the part, which in turn leads to distortion or a non-uniform 

residual stress condition on the surface.  

Distortion of the part from heating is more evident in thin 

materials. When this occurs, the stresses created by molten 

metal spatter heating the part on one side often is sufficient 

to bend the part.   

For thicker materials, localized heating from metal spatter 

may not be sufficient to distort or bend the part. 

However, the surface is left with a residual stress that 

depends upon many factors.  

Residual stresses cannot be ignored in parts that involve 

fatigue cycling since these add to applied stresses and define 

a total stress state within the part material during use.

Expanded Capability

SmartPierce with the high-power QCW fiber laser has 

enabled new applications based on a capability that was pre-

viously limited to a narrow range of materials or that required 

processing at speeds not economically feasible.

With SmartPierce, the ability to produce a dense pattern 

of small features has created new opportunities, including the 

production of the aero-engine noise attenuation components 

and for fabrication of filters in a variety of materials and three-

dimensional shapes. 

Changing laser parameters in microseconds has 

enabled production of distortion free parts with clean, 

debris-free holes. 

Edited by Advanced Manufacturing Media, using information 

provided by Prima Power Laserdyne.
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