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By Tim Heston, Senior Editor

When you think about it, assist gas isn’t 
the best name for something so central 
to laser cutting. It’s more partner than 

assistant, working in tandem with the laser beam.
Assist gas sounds straightforward enough: It aids 

cutting via an exothermic reaction (with oxygen) 
and evacuates molten material. It’s so straightfor-
ward that, according to sources, many new opera-
tors don’t think to adjust it when they get a bad cut. 
They might simply slow the feed rate, which solves 
the problem, but it does increase cycle time and can 
negate the reason your shop invested in a laser in 
the first place: to cut a lot of parts extraordinarily 
quickly. The problem could have to do with assist 
gas pressure, which an operator can change easily 
at the controller; or flow rate, which depends on the 
nozzle orifice diameter. Or it could be that the focal 
point needs adjustment. Or the beam may not be 
centered in the nozzle. Or it could be a combination 
of everything.

“Assist gas is one of the prime movers and shak-

ers of laser cutting parameters,” said Mark Mercurio, 

applications and technical support manager for 

Mazak Optonics Corp., Elgin, Ill. 

When troubleshooting a bad cut, ask questions, 

and when it comes to assist gas, those questions 

should follow the gas’s journey—from initial deliv-

ery to the plant, into storage, through plumbing, 

into the cutting head, through the nozzle, and into 

the cut.

Which Gas?
Assist gas choice—be it oxygen, nitrogen, or air—
hinges on an analysis of manufacturing cycle time 
versus the cost of the gas. Thanks to its exothermic 
reaction, oxygen cutting allows the laser to cut thick 
material efficiently with relatively low laser power 
and low gas flow, yet the oxide edge needs to be re-
moved if the parts are headed for welding and (espe-
cially) painting. Cutting with nitrogen produces no 
oxide edge, but with its high pressure and flow, clean 
cutting with nitrogen requires a lot of assist gas.

Conventionally, oxygen assist gas is used on mild 
steel, though its use on nonferrous material isn’t un-
heard of, especially if the operator has limited laser 
power and uses oxygen to stimulate the cut. 

“You can use oxygen on stainless and aluminum 
too,” said Jeff Hahn, national product manager at 
MC Machinery Systems, Wood Dale, Ill. “Back in the 
1990s, when machines didn’t have enough power 
to cut stainless efficiently, I remember cutting half-
inch stainless with oxygen on a 1,000-watt system.” 

He added that oxygen cutting stainless has be-
come rare, simply because higher laser powers 
make clean cutting with nitrogen more attractive, 
offering competitive speed and eliminating the 
need for oxide removal.

Oxygen can also produce a higher speed when 
cutting aluminum, Hahn said, who added that the 
gas tends to work well with the high absorbency 
characteristics of the fiber laser’s 1-micron wave-
length. “Oxygen is stimulating the cut,” he said, 
“versus nitrogen, which is suffocating the cut.”

Cutting with air has become more popular 
through the years, though upfront expenses for spe-
cialty equipment, to ensure that air is delivered as 
clean as possible and with sufficient pressure, can 
be high. “Air is mostly nitrogen, so it’s inert,” Mercu-
rio said, “but you do have other elements in the mix. 
That’s why people use it primarily on thin material, 
where there’s not much of an edge to look at. Also, 
you still need to have high pressure and high flow, 
so the typical air coming from a compressor might 
not have enough pressure to cut cleanly.”

Still, air sometimes has beneficial effects. Laser 
cutting aluminum with air, for instance, often pro-
duces a clean-looking edge. “That little bit of oxy-
gen in the air gives aluminum cutting a little extra 
punch,” Mercurio said, “and changes what the edge 
looks like.”
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Mercurio added that most gas suppliers deliver 
purity levels high enough for clean nitrogen cutting, 
well above 99 percent. “With nitrogen, I’m not so 
much worried about the purity of the gas being de-
livered, as long as that purity level doesn’t change. 
Nitrogen is an inert gas, so you’re just trying to stop 
any external contaminants and debris from getting 
into your gas line. But when you oxygen-cut, the 
closer to 99.9 percent pure gas that you can get, the 
better off you are. Once you drop the purity below 
99.7 percent, you almost stop cutting.”

How Is Gas Delivered to the Laser?
Gas can be delivered via cylinders (common with 
oxygen, used in lower volumes), dewars, microbulk, 
and bulk tanks, with external vaporizers to ensure 
enough of the liquid gas can be converted to gas at 
sufficiently high flow rates typical of nitrogen cut-
ting applications. 

Volume. “The job of the vaporizer is to produce 
volume; they aren’t designed to increase pressure,” 
said Larry Cherne, information technology execu-
tive for Praxair, Danbury, Conn. “But if you have the 
volume, you’re going to maintain the pressure you 
set. The only way you can build pressure is to use a 
high-pressure tank or an external device where you 
trap the liquid in a controlled process and meter it 
out to maintain a certain level, say, at 400 PSI. ”

Such systems also help maintain flow even 
when the tanks are being filled. Traditionally a 
24/7 operation has used separate tanks, so that 
one tank is always online to feed a laser. Some 
shops instead are now using systems that isolate 
the bulk tank to ensure constant pressure is being 
delivered to machinery.

“A low-pressure bulk tank feeds into a system 
that has a 2-cylinder, 4-stroke engine that builds 
pressure up to 550 PSI,” said Tim Neeser, vice presi-
dent of marketing and applications development at 
Chart Industries Inc., New Prague, Minn. “When the 
driver comes in with the nitrogen delivery, he can 
deliver into that bulk tank and not disrupt the sup-
ply to the application. It can still pull low-pressure 
liquid off the bulk tank while you’re filling it.”

Plumbing. Cutting with nitrogen calls for a signifi-
cant amount of gas flow, so the lines feeding in from 
the tanks to the laser need to be of sufficient diam-
eter to avoid pressure drops. “We call it a pressure 
drop,” Cherne said, “but it’s really a flow restriction.” 

Ideally, the plumbing shouldn’t have an exces-
sive number of 90-degree elbows but instead have 
sweeping curves wherever possible. The flow also 
should be sufficient to serve all the laser cutting ma-
chines connected to the gas line. And the regulators 
need to be big enough to handle the flow rate. Sourc-
es also noted to pay attention to the pipe brazing. If 
a nitrogen purge wasn’t used when the line connec-
tions were brazed, contaminants from that brazed 
joint eventually can find their way to the laser. 

“If you don’t backpurge with nitrogen when you 
braze it, the gas line will be full of ash,” Cherne said.
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Examine the ports and fittings, especially if a line 
is being stepped down to a smaller inside-diameter 
(ID) line. Ensure that smaller-ID line is large enough 
to support the nitrogen flow needed for the laser 
cutting application. 

Say you have a 1-in.-diameter nitrogen line feed-
ing the system, and you step it down to a 0.5-in. 
hose. “The fitting that goes between may be much 
smaller,” said Cherne. “So you may have a 0.5-in. 
hose, but the fitting that’s used is only 0.375 in. and 
so now you have a choke.” 

A fitting used to connect the nitrogen line into the 
laser may create another choke. “So you have a riv-
er [of nitrogen] that’s getting smaller and smaller,” 
Cherne said, “and so you can’t get volume.” He add-
ed that when a laser operator isn’t getting enough 
gas, he turns the pressure up. Ideally, though, those 
choke points in the assist gas line need to be fixed.

Nozzle. Maintaining gas volume is becoming par-
ticularly important when cutting with narrow kerf 

widths, common in fiber laser applications. Using a 
wider nozzle diameter seems to benefit a nitrogen 
cutting operation with a fiber system. To cut 0.25-
in. material in CO2 may call for a 2.5-mm-diameter 
nozzle; but because in a fiber laser cutting situation 
the kerf is usually narrower, the application may 
require a 3-mm-diameter nozzle. A 2.5-mm nozzle 
may require 2,000 cubic feet per hour (CFH), and the 
3-mm nozzle may have a gas flow rate of 3,500 CFH. 
“But if you have a fitting designed for the gas flow 
from that 2.5-mm nozzle, you’ll have a problem,” 
Cherne said.

(Sources added that although fiber lasers do 
use more assist gas, that increased cost is far out-
weighed by overall increases in cutting throughput, 
especially in thin material.)

Admittedly, this is a bit counterintuitive. Shouldn’t 
a narrower kerf call for a narrow jet of assist gas? Ac-
cording to Cherne, the fact that narrow-kerf applica-
tions benefit from larger nozzles has to do with friction 

A careful look at the cut edge can reveal problems 
with focal point, which in turn affect gas flow 

and other cutting parameters.
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with ambient air. Imagine a column of nitrogen as-
sist gas descending toward the sheet metal surface. 
Near the edges of that column, molecules in the fast-
moving assist gas flow against slow-moving ambient 
air molecules. This friction between relatively sta-
tionary air molecules and the assist gas sends oscil-
lating waves through the assist gas column.

In a narrow gas column (produced by a small 
nozzle orifice), these oscillating waves may make 
it into the kerf and lead to a rough cut edge. With 
a wide gas column, most turbulent gas molecules 
never make it to the center of the column. So the as-
sist gas near the center enters the kerf with its flow 

unaltered for the most part, while the turbulent as-
sist gas never makes it into the kerf and dissipates.

Cherne used a highway analogy. If you have four 
lanes of traffic, all the cars are cruising along. “Now 
you all go into one lane, a narrow kerf. The pressure 
on you is higher. When the kerf is narrower, the spot 
size is smaller, and when we send the gas through 
the kerf, we see the friction effects go up. So we 
compensate for that with a larger nozzle.”

A larger nozzle can give operators a larger param-
eter window. As Mercurio explained, one nozzle size 
may allow the operator to cut cleanly between 70 
and 80 IPM, while a larger nozzle might allow the 
operator to cut between 60 and 90 IPM. More gas 
volume isn’t necessarily better for every applica-
tion, but it does give the operator more leeway on 
other parameters.

Still, increasing the nozzle size by even half a milli-
meter uses a lot more assist gas, and those costs can 
add up over time. Increasing gas flow can help im-
prove the cut edge, but all that extra gas usage also 
makes the laser cutting process more expensive. 

 “We try to use the smallest nozzle diameter that 
we can to achieve a competitive speed,” Mercurio 
said, adding that in the standard assist gas flow 
rate formulas, the nozzle diameter is squared. “If 
you make a change in the pressure, you make only 
a small change in the flow rate. But if you change 
the nozzle size, you’re making a huge change in the 
flow rate.”

Cherne put it this way: “When you increase the 
nozzle diameter, the flow goes up, but it makes it 
easier for the operator to run the laser at a lower 
pressure. But what is lost in the formula is the flow 
rate. The typical laser system doesn’t have a flow-
meter. So when you change the nozzle diameter, 
you change the flow. When you change the pres-
sure, it’s a linear rate. If you increase your pressure 
by, say, 2 bars, and you were at 10 bars, you pretty 
much know that was a 20 percent change in pres-
sure. There’s a direct relationship. But if you change 
from a 2.5- to a 3.0-mm nozzle—that’s only half 
a millimeter. Who cares? Well, in reality, you just 
about doubled your assist gas flow. But we often do 
that because it gives you a larger operating window, 
and you don’t have to operate at such a high assist 
gas pressure.”

What’s the Bowl Look Like?
This isn’t a natural question to ask, but it’s one that 
applies to tuning the cutting conditions. No laser 
cutting variable acts in isolation. In his book Using a 
CO2 Laser in the Shop, David Marusa describes opti-
mum cutting conditions with a bowl metaphor. With 
all parameters tuned for the material and thickness 
at hand—including feed, assist gas pressure, assist 
gas flow, laser power, and focal position—the points 
for all those variables align at the center of the bowl. 
Change one condition, and it and other conditions 
move away from the center. 

When conditions are set well within safe limits, 
the bowl has a somewhat flat bottom for the most 
common material types and thicknesses. The vari-
ables (represented by points or dots) all are still in 
the flat portion of the bowl, so the change won’t 
be dramatic enough to change cut edge quality. It 
takes significant changes to bring parameters to the 
side of the bowl, where the changes start to affect 
cut quality.

As Marusa writes, “Because the supplied [cutting] 
conditions are safe conditions, the bowl is quite 
broad and has shallow walls. Once the peculiarities 
of the laser and the results of the cutting conditions 
are known, the conditions can be tuned for the shop 
work load. Each time improvements are made in 
cutting conditions, the bowl becomes smaller and 
the walls steeper.”

Where’s the Focal Point?
As Mercurio explained, many beginning operators 
may slow the feed rate to overcome cut quality prob-
lems. Unfortunately, slowing the feed rate should 
be the solution of last resort. It’s necessary around 
corners and contours, but certainly not when cut-
ting straight edges. Quite often the problem lies with 
another parameter. “Focal position is often the No. 
1 reason materials will cut differently,” he said, “but 
it’s the first thing that the operator will overlook.

“The hottest spot on the beam is the actual fo-
cus spot,” he continued. “So when you’re cutting 
stainless steel, you’re usually cutting with an inert 
gas, so you want that hot spot in the material, be-
cause you’re constantly cooling the cut with the 
cutting gas.”

When oxygen cutting mild steel, the kerf will be a 
little wider, so the focus spot is often on or just above 
the material surface. This focus spot position helps 
the oxygen do its job of not only evacuating, but also 
burning the material to aid cutting. Typical settings, 
Hahn said, are about 28 PSI or lower and a flow rate 
of less than 60 standard cubic feet per hour (SCFH), 
though some applications may call for pressure as 
low as 10 PSI. The right oxygen flow and pressure 
provide just enough oxygen to aid cutting and evac-
uate the material. Too much oxygen and the exo-
thermic reaction becomes too wide and produces a 
rough cut edge.

A careful look at the cut edge can reveal prob-
lems with focal point, which in turn affect gas flow 
and other cutting parameters. As Hahn explained, 
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It boils down to achieving that certain kerf width  
at a certain speed, and flowing the right amount of gas  
at the right pressure to evacuate the molten material.
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if nitrogen cutting produces spiky 
dross, that may come from either 
not enough assist gas flow, or the fo-
cal point is too high. The focal point 
position provides the heat and coun-
teracts the cooling effects of the high 
nitrogen assist gas flow. When spiky 
dross appears, the molten mate-
rial basically solidifies before it gets a 
chance to evacuate. Beady dross, on 
the other hand, is a telltale sign that 
the focal point is too low within the 
cut. “In these situations, it’s a case of 
overflushing,” Hahn said. The laser is 
essentially melting too much of the 
kerf side wall at once, so the molten 
metal doesn’t evacuate the kerf effi-
ciently and uniformly.

Too much nitrogen flow, particu-
larly in stainless, can lead to arcing 
and eventually plasma cutting with 
the laser. “There’s actually a purplish-
white arc that develops between the 
nozzle and the workpiece,” Hahn said, 
“and that gives you the ability to cut 
really thick stainless, though you get 
a rough edge.”

Sources added that plasma cutting 
with a laser may not be a bad thing. It 
goes back to weighing the options for 
optimal throughput. Plasma cutting 
with a laser may yield a rough edge, 
but it may be an acceptable one for 
certain jobs. And, depending on the 
type and power of lasers a shop has, 
cutting thick material in this fashion 
and then deburring and finishing it 
may be the fastest way to process the 
material. 

How Wide Is the Kerf?
The beam is narrowest and hottest 
at its focal spot, wider away from the 
spot, so when the operator changes 
the focal point, he also changes the 
kerf width. Say a machine’s cutting 
conditions are set so that the laser 
cuts at 100 IPM in a certain material, 
producing a 0.010-in.-wide kerf. All 
cutting parameters are set around 
this, including assist gas. At 100 IPM, 
the assist gas pressure and flow rates 
are set to evacuate the molten metal 
cleanly and efficiently. When the spot 
position changes, however, the kerf 
width changes. 

“If the kerf is wider, then he may 
need to cut slower to achieve a qual-
ity edge,” Mercurio said, adding that 
“on all materials, you’re really trying 
to achieve a certain kerf width.” 

It boils down to achieving that cer-
tain kerf width at a certain speed, and 

flowing the right amount of gas at the right pressure to 

evacuate the molten material. With the spot focused in the 

right area, the laser directs the heat exactly where it needs 

to go for the material grade and thickness to absorb the 

light energy. The metal becomes molten and, with the help 

of just the right amount of assist gas directed in the right 

way, evacuates out the bottom of the cut, leaving a smooth 

edge. When it’s all dialed in, the laser can really fly.  
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