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A look at the development process behind COMET HD, Wheelabrator’s new heavy-duty blast 
wheel, during which conventional wisdom was turned on its head and blast performance had  
to be redefined.



While we’ve long stopped judging a car 
purely by its engine size or horse power, 
we still judge a blast wheel by its abrasive 
flow rate. When the R&D team here at 
Wheelabrator set out to develop the next-
generation blast wheel, we quickly realised 
that the key to a better blast wheel was 
not just to increase flow rates, but to look 
afresh at how a desired blast result is 
achieved and how effectively input power 
is used inside the wheel.

Simply put, this means treating the blast 
wheel not as a ‘black box’, where only a 
change to what goes in (i.e. more power) 
can improve what comes out, but as a 
mechanism in which energy is converted 
efficiently or inefficiently. 

It’s a route the car industry took a 
long time ago, achieving ever higher 
performance from the same size engines 
while reducing fuel consumption. 

This short engineering paper looks at the 
development process behind our new 
heavy-duty blast wheel, COMET HD, takes 
a thorough look at the inner workings of 
a blast wheel, and makes the case for 
redefining blast performance.

Why, after 100 years, blast wheel development had to grow up 
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Many users of wheelblast machines 
still focus on abrasive flow as the one 
key vital statistic of a blast wheel. The 
kinetic energy of the abrasive is directly 
proportionate to its mass (Ek = 1/2mv2), 
so the mass of the abrasive fed through 
the machine during a given time period 
is proportionate to the energy applied to 
the surface during that time period, which 
means it is proportionate to the blast 
power applied. A compelling case.

What this doesn’t tell us, however, is how 
this output power relates to the input 
power. In short: what is the price we pay 
in input power to achieve the abrasive 
throughput we want? It also completely 
disregards the question of what happens 
with the output power and how it is 
applied on the surface. How much of the 
input power is transformed into blast 
power that is applied exactly as, how and 
where we need it on the surface? 

Anyone who is familiar with lean principles 
will sense where this argument is leading 
– and it was our working hypothesis for 
a better wheel: A good blast wheel is 
one where as little energy as possible is 
used for anything other than effectively 
accelerating abrasive onto a surface at 
the right speed, in a correct, repeatable 
pattern.

A more efficient wheel would of course 
reduce energy consumption (in particular 
across multi-wheel machines) – a major 
cost factor for blast machine users. But 
by minimizing the loss of energy inside the 
wheel, wear on wheel components and 
the abrasive itself should also decrease, 
with a significant impact on the running 
costs of a wheel blast machine.

To test the hypothesis and design a 
refined new wheel with better energy 
conversion efficiency, we had to look 
inside the wheel, understand exactly how 
much energy is lost and pinpoint where 
waste is occurring. 

Like almost all things in mechanical 
engineering, when trying to improve the 
performance of a blast wheel, the limits of 
what we can achieve are staked off by a 
few basic laws of physics. 

The one basic law the Wheelabrator team 
took as a starting point for reinventing 
the blast wheel is the law of energy 
conservation. The input power of the blast 
wheel draws the line in the sand for the 
energy we can get onto the workpiece 
surface. Yet, the relationship between 
input and output power of a blast wheel  
is not often considered.

While most readers will be familiar 
with blast wheel technology, it is worth 
to briefly recap the journey of the 
abrasive along the main components of 
a blast wheel assembly, as it has been 
traditionally understood. 

Through a feed spout, the abrasive enters 
the inside of a rotating impeller, which 
accelerates the abrasive, causing it to 
travel radially and through gaps between 
the impeller vanes. It then moves towards 
the inner wall of a (static) control cage, 
exits through an opening in the control 
cage and is then picked up by a wheel 
blade, along which it glides outwards until 
being thrown off the blade tip and onto 
the workpiece surface.

The Wheelabrator development team 
wanted to understand the abrasive’s 
journey in greater detail than previously 
possible, in particular with regard to 
the various transitions of the abrasive 
between the main internal components.

To do this, we deployed a super-high-
speed camera to look at the full cross 
section of a wheel in operation – and 
review the material in slow motion. 
Various blast wheel configurations were 
filmed in this way.

1.  Facing the hard truth: 
it’s still physics

2.  Understanding the 
inner workings: wheel 
forensics

Cross section of a blast wheel in operation



In addition to this, we also ran tests 
across a broad range of existing blast 
wheel designs (including a couple of wild 
card entries for alternative component 
designs, based on ideas from the team), 
with countless variations of settings and 
internal configurations. 

In general, the main design variations 
used to vary the blast behaviour of a 
blast wheel are the number of blades, 
their width, length and shape, the overall 
diameter of the assembly, the length of 
the control cage opening and the relative 
position of components to one another. 
So based on existing designs alone, there 
were countless options to test.

We categorised these options and 
started generating test data for them 
in a structured manner, measuring and 
mapping things like abrasive flow rate in 
relation to motor power; length, width 
and intensity of blast patterns; and 
wear on different parts of the wheel, 
in particular the impeller dams and the 
blades.

What we discovered in this forensic 
examination of the inner working of the 
blast wheel, was that things were not 
quite as they should be. The movement of 
the abrasive was not as controlled as we 
thought it was, causing unnecessary wear 
and high abrasive consumption.

For example, the way the abrasive was 
picked up by the blades was more akin 
to batting than to gentle guiding, which 
made some of the abrasive bounce 
between blades in addition to causing it to 
break down faster.

Due to the gaps between control cage 
and blades and the much less smooth 
trajectory of the abrasive, some abrasive 
particles passed under the blade to be 
picked up by following blades, but in an 
uncontrolled manner, while some abrasive 
travelled right through the blades and 
bounced off the housing only to be 
entrained back into the path of the blades.

Other abrasive particles were doing several 
extra laps between impeller and control 
cage and between control cage and blade 
before exiting onto a blade.

Taken together, these observations 
pointed towards a significant waste of 
energy within the wheel, manifesting itself 
in uncontrolled movement, wear on wheel 
components and unnecessary breakdown 
of abrasive.

In addition to finding the best 
configurations of known parameters, the 
team realised that the impeller design (in 
particular impeller dam geometry), control 
cage geometry (in particular around 
the opening), the shape of the working 
surface of each blade, as well as the 
clearances and positional relationships 
between impeller, control cage and blades 
could be improved considerably to ensure 
a smoother journey of the abrasive inside 
the wheel.

After having had our fundamental 
understanding of the wheel challenged in 
such a way, the team were cautious not 
to let preconceptions of what parts should 
look like and how elements should work 
together cloud the development process. 

We decided to start with an assumption 
of ignorance: If we don’t know what the 
perfect wheel looks like, how do we find 
it? The answer is: through a process of 
evidence-based evolution.

Equipped with the high-speed camera 
footage and a wealth of test data, we –  
a team made up of experts from around 
the world and from completely different 
engineering traditions - sat down to study 
and discuss the material. Our findings 
were surprising and formed the basis of a 
design process that was the beginning of 
a new era in blast technology R&D here at 
Wheelabrator.

3. What we’ve found: abrasive out of control

4. Towards the perfect wheel: evidence-based evolution
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One of many variations of impeller dam designs tested



In practice, this means running a myriad 
of tests across variations of each wheel 
component and configurations - and 
let data guide the development. For the 
impeller, for example, we tested a raft of 
‘dam’ geometries (see images on previous 
page) to find the best shape (see graph). 
We also tried different positions of the 
impeller relative to other components. 

To do this, we designed a variable geometry 
test impeller that would hold different 
types of impeller blades and let us make 
small modifications quickly.

For each test configuration, we measured 
and mapped flow rate and blast pattern, 
including blast intensity distribution and 
hot spot position, while controlling other 
parameters, such as input power. To do 
this, we had to develop an advance test rig 
at our Test Centre in Schaffhausen. 

In addition to zeroing in on the best design, 
the systematic gathering of data on the 
relationship between input power, flow rate 
and blast pattern allowed us to quantify 
potential savings that could be achieved.

Other things we tested include different 
combinations of control cage and impeller 
designs, varying number of impeller 
‘fingers’, wheel blade design, and timing 
between components.

The control cage
Following the journey of the blast media on 
its way through the blast wheel, next after 
the impeller is the control cage. In our video 
analysis, we had observed many instances 
of abrasive escaping and circulating in the 
gaps between impeller and control cage 
and between control cage and blades. 
Optimising the dimension of these gaps 
therefore seemed like a good idea. 

Rather than designing the whole control 
cage as a machined part with precise 
tolerances around the whole circumference, 
which would make the part prohibitively 
expensive, we quickly zeroed in on the 
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control cage opening as the critical section, 
experimenting with raised and bevelled 
machined areas to focus and maintain the 
correct route of the abrasive out of the 
cage opening and onto a perfect path.

The size of the control cage opening itself, 
in degrees of the circle described by the 
control cage, was another parameter to 
revisit, and the team gathered data for 
variations in the length of this “window” 
and its effect on blast results. This allowed 
us to find the best option each for a 
shorter and a longer hot spot.

Wear on the trailing edge of control cage 
openings is a major cause of failure of this 
part, so the team decided to pay particular 
attention to this area and developed 
a “high wear life” edge. Together, the 
improved flow of abrasive and strategically 
strengthened trailing edge result in a longer 
life of the control cage, in addition to the 
reduced rate of abrasive breakdown.

Blast intensity graphs for different impeller positions

Mapping abrasive flow relative to motor power for different combinations of control cage and impeller designs

Our test impeller with exchangeable “fingers”

The evolved control cage design with machined section, 
raised areas and bevels
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The wheel blades
Wear patterns played an important role 
in finding the perfect blade design, in 
addition to other tests mentioned. The 
aim was to optimise the transition of the 
abrasive ejected from the control cage 
onto each blade, its movement along the 
blade surface, acceleration and velocity at 
throw-off point, while minimising wear  
at the same time. 

Testing everything, improving 
everywhere
COMET HD, our new heavy-duty blast 
wheel, is the result of this rigorous, 
evolutionary approach. The above 
examples show those parts of the design 
process that revolve around the core 
wheel assembly, but we have tested and 
                 questioned almost everything  
                     else around the blast wheel. 

                     Most noticeable for most  
                     users will be COMET HD’s  
                     housing shape, which is  
                     asymmetrical and follows  
                     the decision to opt for a  
                     single directional, direct- 
         drive design that would provide 
the level of precision and efficiency we 
wanted – and on a similar footprint to the 
most popular wheels. We ran tests with 
our improved internal components across 
different housing shapes and arrived 
at the final asymmetrical design, which 
produced a more precise, more controlled 
blast pattern with greater flexibility for 
positioning than the alternatives.

A revolutionary liner system, a completely 
new feed spout and hub seal, bolted 
construction of the housing, all are further 
examples of improvements that could 
be considered secondary to the blast 
process, but that have a considerable 
impact on installation, safety, process 
reliability, maintenance, and operational 
environment, as well as indirect effects on 
blast performance.

More than ever before, improvements 
embodied in COMET HD are the sum of 
countless parts, achieving a step change 
in performance with a design that is 
nevertheless rooted in evidence and 
testing. 

Most importantly, with this new wheel 
we have redefined what blast wheel 
performance is in the first place. And 
it all goes back to what matters in our 
customers’ day-to-day operations. Let’s 
have a look at a new concept of blast 
wheel performance.

We tested curved blade designs, to 
improve the transition of the abrasive 
onto the blade. This indeed ensured 
a gentler pick-up, but it also over-
accelerated the abrasive and caused 
excessive wear on the blades. This led us 
to try a semi-curved version - with good 
results – and, finally, a semi-curved design, 
which achieved the desired balance 
between acceleration and control.

Considerable development efforts were 
also directed towards ensuring correct 
blade alignment and ease of assembly, 
resulting in a full taper fit lock-up system 
that self-secures during fit-up. Precise 
alignment of each blade in the wheel 
assembly avoids premature wear, but the 
new system also prevents shot lock and 
allows very fast removal and refit that can 
be carried out by only one person.

A set of blades, featuring the new  
semi-curved design and high wear life tips

COMET HD bare wheel with taper-fit blades

An advanced prototype of the new COMET HD wheel, with 
Precision Lok, bare wheel, blades, control cage and impeller



After everything we have discussed in this 
paper so far, it is evident that prevalent 
ideas of blast wheel performance, 
centered mainly around abrasive flow 
rates, are outdated. We can be smarter 
about the power we use, we can be more 
precise about the blast energy applied. 
A blast wheel can, indeed, be a high-
precision tool, and an efficient one at that.

Beyond the sheer blast power, a new 
concept of performance should take into 
account cycle times, first time right rates, 
machine uptime, ability to achieve exactly 
the right blast result (without over- or 
underblasting), as well as energy and 
abrasive consumption.

Doing more with less 
This paradigm shift in measuring blast 
wheel performance is rooted in what 
makes a difference to our customers’ 
operations – and, ultimately, their 
business.

A simple example will suffice to show how 
our test results translate into business 
benefits: Our tests have shown that 
COMET HD achieves a 5% improvement 
in peak blast intensity at 7% less abrasive 
flow when compared to a proven, current 
HD blast wheel design. At the same time, 
the abrasive breakdown rate was reduced 
by up to 24%. 

Tested against an existing wheel design 
on a foundry application, COMET HD 
achieved a similar blast result within a 
blast cycle time that was almost a fifth 
(17%) shorter, and at an abrasive flow 
reduced by 8%. At a second site, the blast 
cycle time was reduced by 20% on sanded 
castings with a 15% reduction in abrasive 
flow.

Taken together, the above equates to a 
potential total abrasive saving of up to 
29%. If a typical foundry, for example, is 
using 100t of abrasive per year at €820 
per tonne, the annual saving could be in 
excess of €23,000.
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Blast wheels have not had a reputation 
for being team players and considerable 
resources have traditionally been 
necessary to keep them going. The 
potential for streamlining and reducing 
efforts here is huge and with COMET HD 
we have tried to release as much of this 
potential as possible:

Fast and easy access to hot parts, a 
liner system that slips into place without 
fasteners, accessible and exchangeable 
housing end plates, shot-lock-proof blades 
- all mean maintenance is straightforward 
and takes little time.

5. The paradigm shift: what is blast wheel performance?

A foundry using

100t
abrasive/year
COULD SAVE
in excess of

€23,000
annually

Reduced abrasive use has knock-on 
effects on associated costs, for example 
around recycling and filtering. Shorter 
cycle times and highest “first time right” 
rates mean reduced electricity bills, etc. 

The full scale of savings and efficiencies 
unleashed by COMET HD will become 
apparent in the field and over time, but 
just including a few additional, easily 
measurable variables has widened 
the scope of what constitutes good 
performance – and, ultimately, what is a 
good blast wheel.

Operational performance: going low 
maintenance
Taking this idea of ‘performance in 
context’ to the extreme, we have also 
looked at optimising what happens and 
what has to happen to ensure a blast 
wheel is operational. Reliability, durability 
and ease of maintenance can be seen as 
facets of performance too!

“Precision Lok”, centring plate, and self-
securing blade lock-up system leave no 
room for error, which means no time is 
lost fixing incorrect installations. A new 
hub seal and the improved access to the 
liner system mean abrasive leakages from 
the wheel are a thing of the past. 

Close-up of COMET HD with feed spout and Precision Lok



As part of our field tests for COMET HD, 
we have captured basic maintenance 
data at a reference customer in the US 
who has three machines with six blast 
wheels in total. Around 210 hours per year 
are spent on maintenance of the wheels 
alone, which could be reduced by 30% 
when switching to COMET HD wheels. 
This translates into an annual saving of 
up to $4000 and does not yet take into 
account the benefits of increased machine 
availability, increased output and reduced 
spend on parts and logistics.

A blast wheel that is undemanding, reliable 
and easy to look after, while delivering 
repeatable, precise blast results swiftly 
and efficiently – that’s how we define 
good performance and it’s the benchmark 
we’ve set with COMET HD.
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30% 
REDUCTION 

in  
maintenance 

hours

A camera-ready COMET HD prototype at our test centre in Schaffhausen, Switzerland
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•  Christoph Bär,  
Development Engineer at Wheelabrator,  
based in Switzerland

The global development team

COMET HD is Wheelabrator’s first global wheel, which doesn’t just mean that it is available both in imperial and metric (it is). It means 
that, for the first time, a team of extremely smart people from all around the world came together to push the boundaries of blast 
technology, using their unique expertise and perspective to make this our best blast wheel yet.

The team, with 160 years combined Wheelabrator experience, included:
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