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Remaining grounded in the possibilities 
of what is, ostensibly, a virtually limitless 
technology is one of the challenges of the 
3D printing world.

Indeed, it is this sense of the future 
meeting the present that is both 
3D printing’s biggest barrier, and 
opportunity.

Because as we marvel at the fantastical 
possibilities – printable houses, cars 
and body parts come to mind from 
news stories – many of us might also 
be missing or underplaying what the 
technology is able to deliver right now.

Yes, there are some genuine concerns 
around the revelation that working 
handguns, for instance, could be printed 
from designs readily available on the 
internet. Yet the possibilities of 3D 
printing have proponents convinced 
that the positive impacts will ultimately 
outweigh the potential cons.

And as the price of technology rapidly 
falls, it would seem that an industrial 
micro-revolution of sorts is under way; 
every home, business and community has 
the potential to be a manufacturer.

As Murray Hogarth, senior adviser for 
Green Capital, says in a recent blog post 
on the subject, 3D printing represents 
a redistribution of power away from 
big business; it’s a democratisation of 
manufacturing.

Though such commentary might give 
what remains of our nation’s traditional 
manufacturing base even more sleepless 
nights, 3D printing might also be seen as 
manufacturing’s rebirth.

This opportunity also extends to the 
HVAC&R industry.

In fact, 3D printing and the HVAC&R 
industry appear to be a perfect fit given 
the level of componentry required in 
mechanical services – from the most 
basic replacement parts to intricate, 
bespoke components that are otherwise 
difficult to manufacture cheaply.

But don’t be fooled – the jury is still out 
on the economics of 3D printing.

The technology has been refined such 
that the effective printing of one-off 
objects is, in most cases, much more 
economical than would otherwise be the 
case through traditional manufacturing 

methods. At least for now, however, mass-
manufacturing remains unchallenged.

“While 3D printers can produce highly 
complex parts, mass manufacturing of 
such parts with 3D printers may not be 
as efficient – in both cost and time – as 
subtractive manufacturing methods,” 
says Paul Mignone, 3D printing research 
community coordinator at the University 
of Melbourne.

But before our industry looks at the 
possible – and the not-so-possible – it’s 
important to understand just what 3D 
printing is and isn’t.

LAYER BY LAYER
The term “3D printing” is somewhat of a 
misnomer, in that all types of 3D printer 
technology – of which there are a few – 
don’t so much as print as build an object 
layer by layer.

It’s why 3D printing is more accurately 
referred to as “additive manufacturing” – a 
somewhat less exciting term, it’s fair to say.

Unlike traditional subtractive 
manufacturing techniques – such as 
computational numerical controlled 

The power of print
The mere idea of 3D-printed cars and houses might have you thinking this emerging technology 
belongs in the realm of science fiction. But as Sean McGowan reports, the future of this 
manufacturing method is very much in the here and now.
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(CNC) lathes or mills – in which material 
is removed, the most common form of 
3D printing takes a 3D computer drawing 
(such as CAD) and builds the object 
using two-dimensional slices or cross-
sections.

The most commonly used technology, 
known as fused-deposition modelling 
(FDM), is found in consumer and entry-
level 3D printers.

“The object is produced by melting and 
extruding a wire of material through 
a heated nozzle to form layers of a 
structure, similar to a hot glue gun,” says 
Mignone.

“Each layer represents a two-dimensional 
cross-section of your structure. When 
that cross-section is finished, the nozzle 
moves up a small distance and creates the 
next cross-sectional layer. This process is 
repeated until you have a finished product.”

A similar technology – multijet modelling 
(MJM) – draws comparison to an 
inkjet printer, and uses photo-sensitive 
polymers to produce high-resolution, 
accurate objects of remarkable detail.

Two other technologies commonly 
used in larger scale 3D printing are 
stereolithography and selective laser 
sintering.

In stereolithography (SLA), each layer is 
built from liquid photo-sensitive resin 
and the use of an ultraviolet laser.

“For each layer, the ultraviolet laser beam 
traces a cross-section of the part pattern 
on the surface of the liquid resin,” says 
Mignone. “Exposure to the ultraviolet 
laser light solidifies the resin into the 
desired 2D cross-section. The layer is 
then lowered and the process is repeated 
until you have a completed part.”

Selective laser sintering (SLS) is mostly 
used to produce metal and ceramic 
objects. This method sees a powdered or 
granular material spread in a thin layer 
across the printer platform before a laser 
traces a two-dimensional cross-section of 
the object, melting the powder together.

“The platform then descends a layer 
thickness, and a roller pushes the powdered 
material across the build platform, where 
the next cross-section is melted to the 
previous,” Mignone says. “This continues 
until the object is completed.”

Though plastics are the most commonly 
used material in 3D printing – with ABS 
(acrylonitrile butadiene styrene) and PLA 

(polylactide) used by FDM printers due 
to their availability and low cost – other 
materials are increasingly being used.

These include polycarbonate, nylon and 
high-density polyethylene (HDPE), with 
which those who work in the HVAC&R 
industry would likely be very familiar.

SLA printers normally use resins, 
urethanes and ceramic composites that 
tend to be proprietary, and therefore 
more expensive. SLS printers use metals 
and ceramics.

Mignone says the future of 3D printing 
materials appears to be moving toward 
composite materials, pointing to recent 
Harvard University research that has 
developed a way to 3D print a cellular 
composite using an epoxy resin.

“The end result is a material that is lighter 
than wood and stiffer than concrete,” 
he says. “Such a material would have 
immense potential in civil and HVAC 
applications.”

 

SIZE DOES MATTER
For 3D printing to be commonly used for 
HVAC&R components requires the use of 
larger scale printers than are in common 
use today. And the larger the scale, the 
larger the price tag, with the cost of such 
units reaching six figures and beyond.

Yet because the size of 3D printers and 
the size of the object they can print are 
inextricably linked, such machines are 
inevitable.

For instance, Dutch architectural firm 
DUS has led an international team to 
develop the world’s first portable large-
scale 3D printer – the KamerMaker 
(literally meaning “room maker”).

Having already printed a large building 
block (2m x 2m x 3m) to launch the 
printing of the world’s first 3D printed 
canal house in Amsterdam, the 
KamerMaker is said to be capable of 
printing a house (see sidebar) one room 
at a time.

 
3D printing is more 
accurately referred 
to as additive 
manufacturing   
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Likewise in China, a mixture of 
construction waste and concrete is being 
used by a large-scale 3D printer to build 
simple concrete homes in a matter of 
hours – although the exact science behind 
the technique remains guarded.

Mignone says that in the distant future, it 
may be possible to print complete houses 
that have many of the HVAC components 
already included.

“3D printing allows designers to fabricate 
highly customised structures and shapes 
that traditional methods cannot do,” he 
says. “And depending on the technology, 
they can print optimised structures, 
using fewer processes and creating less 
waste, leading to reduced material and 
labour costs.”

However, such large-scale printing is 
at this stage still firmly in the arena of 
research and development.

Still, that doesn’t stop components from 
being built that ultimately form part of 
a larger item, an area Mignone believes 
would be of most interest to the HVAC 
industry.

THE HERE AND NOW
Despite the relative lack of noise around 
the subject in our industry, 3D printing is 
being used to great effect, and has been – 
by some – for several years now.

Tom Johnson is a senior industrial 
designer at Australian controls 
manufacturer Innotech, an AIRAH 
Company Member. Johnson says additive 
manufacturing has been used by the 
company for more than 10 years to print 
mechanical enclosure prototypes and 
provide validation before the investment 
in plastic injection moulding tools.

“Requirements for modern electronics 
designs mean our products must withstand 
a variety of performance and environmental 
factors over the course of their lifespan, 
which could be decades,” Johnson says.

Consequently, he says designs tend to 
be complex and developed iteratively 
to overcome and accommodate these 
requirements.

“3D printing acts as a validation step at 
each of these development iterations,” he 
says. “It allows us to confirm the physical 
assembly of hardware components and 
mechanical enclosure, which in some 
cases is also essential to being able to test 
the electronics themselves.

Control 
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3D PRINT 
CANAL 
HOUSE
The	world’s	first	3D	printed		
canal	house	is	being		
constructed	in	Amsterdam		
by	Dutch	architectural	firm		
DUS	and	an	international	team		
of	collaborators.

Having	developed	the	
KamerMaker	(literally	meaning	
“room	maker”),	a	large	portable	
3D	printer	capable	of	printing	
entire	interiors	of	2m	x	2m	x	
3.5m,	the	Canal	House	is	being	
constructed	room	by	room	using	
a	number	of	materials,	including	
bioplastics	made	of	80	per	cent	
vegetable	oil.

The	house	design	consists	of	
several	room	types,	each	printed	
separately	on	site	before	being	
assembled.

“Each	room	is	different	and	
consists	of	complex	and	tailor-
made	architecture	and	unique	
design	features,”	says	Hans	
Vermeulen	of	DUS	architects.	
“The	structure	is	scripted,	and	
this	creates	its	proper	strength	
but	also	generates	ornament,	

and	allows	for	new	types	of	
smart	features,	such	as	angled	
shading	scripted	to	the	exact	
solar	angle.”

Both	the	outside	façade	and	
the	interior	are	printed	at	
once.	Within	the	3D-printed	
walls,	space	is	provided	for	the	
connection	of	services,	including	
cables,	pipes	and	wiring.

The	structural	aspects	are		
tested	both	digitally	and	on	site		
in	collaboration	with	the	project’s	
structural	engineers,	Tentech.

“The	construction	is	based	on		
a	structural	extruded	printed		
grid	that	can	take	several	
shapes,”	Vermeulen	says.	
“Folds	in	the	structure	
generate	strength,	so	the	level	
of	ornaments	enhances	the	
construction.

“Each	printed	element	consists	
of	numerous	diagonal	hollow	
columns.	When	the	elements		
are	mounted	together,	the	hollow	
columns	create	large	structural	
crosses	that	support	the	entire	
structure.”

Launched	in	March,	the		
Canal	House	is	expected	to	be	
completed	within	three	years.

Updates	on	the	construction	can	
be	seen	at	3dprintcanalhouse.com
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“Having physical prototypes during 
the ongoing design phase allows for 
environmental and performance testing 
to be done early in development, allowing 
for preliminary test results to drive 
improvements in the working design.”

Johnson says the 3D printed prototypes 
used by Innotech are capable of saving 
the company thousands of dollars, and 
significant time, by preventing parts 
going to manufacture with an error in the 
design.

“The ability to print, at a reasonable 
cost, multiple prototypes during the 
development process means that designs 
can be fully interrogated prior to 
manufacture,” he says.

Similarly, he says savings are being made 
in the production of prototypes that 
would traditionally have been machined, 
moulded or outsourced.

“This typically meant prototypes would 
be limited to one or two per project, 
if at all,” he says. “The time taken to 
produce these traditional prototypes 
could add weeks or months to the overall 
development, with the delays costing 
us financially, and even affecting the 
viability of a project.”

Innotech uses a multi-jet modeller 
(MJM). This uses an ultraviolet acrylate 
resin for its build material and paraffin 
wax for support, which is melted away on 
completion.

Johnson says the printer’s ability to 
produce highly accurate parts at small 
sizes – something other types of printers 

struggle to achieve – makes it a good fit 
for Innotech.

“It is highly effective at producing these 
fine details,” he says of the MJM. “And 
the final parts are a reasonably tough, if 
a little brittle, plastic-feeling part, with 
slightly flexible properties.”

Johnson warns, however, that it is more 
complicated than the company’s previous 
FDM printer.

“There are many sub-systems inside 
an MJM printer that work together to 
produce the parts, meaning a larger 
maintenance overhead,” Johnson says.

Despite the lack of promotion of 3D 
printing in the HVAC&R industry, 
Johnson is confident other companies 

manufacturing physical products are 
using similar technologies both in 
product development, as well as for the 
rapid production of parts.

He says because 3D printing allows for 
part creation beyond the confines of 
traditional manufacturing, it is possible 
to print entire assemblies of moving parts 
that are ready to use out of the machine.

“This affords many benefits,” he says, 
“such as better sealing, redundancy of 
mechanical fasteners, and smaller sizes  
of finished parts.

“It is easy to imagine how the HVAC 
industry could be transformed long term 
with this level of customisability and 
adaptable manufacturing methods.”

FROM HOBBY TO HVAC
Having recently scaled down R.C. Lister 
Engineering after some 40 years in the 
industry, semi-retired building services 
engineer Dick Lister, L.AIRAH, thought 
he’d pretty much seen it all when it came 
to HVAC&R.

Then the whole 3D printing concept 
swept him up.

“It fits like a hand in a glove for a bloke 
looking to maintain a high level of mental 
stimulation without the stress,” Lister 
says of his interest in the technology.

After being introduced to the 3D printing 
world by his son, Lister later encountered 
the open-source collective of RepRap 
– an online community of 3D printing 
enthusiasts. About a year ago he purchased 
his first printer, in kit form, from England.

The 3D printer at Innotech.

Using a 3D printer to make prototypes has saved Innotech considerable money.
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“Freight was nearly as expensive as  
the printer itself,” he says, adding that  
the total cost was $850.

“We assembled it in about a week,” he 
says, “and had it up and running almost 
instantly.”

Like others in the RepRap community, 
Lister and his son have used their first 
printers to print components to build 
enhanced, second printers – a process 
known as “3D printer procreation”.

But the first iteration has also been used to 
create everyday household items ranging 
from children’s train tracks to replacement 
parts for blinds. Ever the engineer, Lister 
has also printed surrounds for vents, a 
cover plate for a cupboard penetration,  
as well as test prints of all shapes and sizes.

He says that, overwhelmingly, the 
positives of the technology outweigh  
the negatives.

“The technology is exceedingly flexible 
and easy to use, and is freely available on 
the internet, including all software and 
firmware for all aspects of the process,” 
Lister says.

“Some care is needed to deal with residual 
heat in the models, as they can distort, 
but there are a number of techniques 
to overcome this. The time taken to 
design components is significant, but 
the flexibility of what can be produced 
compensates for that.”

Like many with entry-level printers, 
Lister currently uses ABS and PLA 
plastics, and is trialling the use of nylon 
and flexible PLA also.

HVAC IN 3D
Not surprisingly, Lister sees plenty of 
opportunity for 3D printing in the HVAC 
industry, and is keen to play a role in its 
development among industry members.

“I can see 3D printing being used to 
produce replacement components, 
particularly when suppliers cease 
production of an item,” Lister says.

“Anything from thermostat housings to 
covers that go walkabout, to bezels to 
improve the look of equipment displays. 
The list is theoretically endless, and the 
technology is there to be used.”

One such application already in use  
is the 3D printing of industrial heat 
exchangers by British company EOS.

According to EOS, the technology is 
particularly suited to the design and 
production of heat exchangers featuring 
intricate geometry to enhance the heat-
transfer properties – a complex step that 
conventional production methods can 
realise only with difficulty.

“This imposes limitations on designers 
who must develop end products as a 
compromise between an optimised layout 
and its technical feasibility,” EOS says.

However, because 3D printing provides 
maximum freedom of design, it opens up 
new paths for the geometrical layout of 
heat exchangers.

“For instance, turbulators can be 
integrated in fluid channels,” EOS says. 
“The technology used in laser sintering 
systems can therefore build up highly 

compact and highly efficient designs that 
can also be adapted to the installation 
environment.”

THE SLOWS
Barriers exist to 3D printing’s widespread 
use.

According to Mignone, the major  
“slows” relate to scalability, surface finish, 
strength and cost.

He says that depending on the 
technology, the surface finish of some 
3D printed objects may not be as desired 
– although this can be overcome with 
post-processing techniques. Similarly, 
the layer-by-layer technique used means 
there is potential for weaknesses or faults 
between the layers of the printed object.

Although Innotech has experienced 
the “odd failure”, Johnson says such 
inconveniences are outweighed by an end 
result that could not really be achieved 
any other way.

He says price and scale are likely to be the 
two driving factors for the wider adoption 
of 3D printing in the HVAC industry in 
the short term.

“Certainly the existing marketplace 
would have offerings for manufacturers 
of smaller products and components 
looking to incorporate rapid prototyping 
into their design process,” Johnson says. 
“Additive manufacturing is perhaps 
best suited to low-volume and niche 
applications at present, but this will 
expand in time as machines become 
larger and prices drop.”

Johnson sees 3D printing and BIM 
(building information modelling) 
becoming intertwined in the future.

“As BIM continues to become more 
commonplace,” Johnson says, “it is likely 
items such as one-off custom-design 
ducting and site-specific components 
could be seen on a larger scale, and can be 
designed and incorporated from early on 
in the project.”

With limitless possibilities, it is surely 
just a matter of time before 3D printing 
becomes a more integral part of the 
HVAC&R industry’s processes.

Is it the spark for “the next industrial 
revolution”? Perhaps not, but there is 
no denying its potential is tremendously 
exciting. ❚

Concerns have been raised about the capacity to make firearms using 3D printers.




