THEME – 3D PRINTING OF FLEXURES

MONOLITHIC MECHANISMS
BEYOND EDM
About four years ago, high-tech system supplier NTS started to invest in 3D
printing, or additive manufacturing, by participating in AddLab, a facility
which was built on the ambition to develop a broad range of high-end
applications for 3D metal printing. Recently, the transition was made from
the lab to the fab, AddFab, and NTS strengthened its focus on industrial
metal printing. This article briefly describes the challenges involved in
printing metal parts with integrated flexures, supported by cases developed
by NTS over the last three years.
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Additive manufacturing challenges
NTS is a high-tech system supplier specialised in the
development, production and assembly of optomechatronic systems, mechanical modules and its critical
components. At AddFab [1], NTS uses the AM process
called powder bed fusion, which is capable of producing
metal parts with mechanical properties close to what is
known from bulk material. Powder bed fusion, which uses
a focused laser beam to melt thin layers of metal powder,
is an excellent process for fabricating metal parts.
Although the process is able to create dense material with
predictable properties, thermal variations do induce
thermal stresses and shrinkage. The latter makes 3D
printing of flexures a challenge. Thermal stresses and
shrinkage can result in part deformation which conflicts
with the need for defined position and shape accuracy.
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esign principles are widely used in the hightech industry. Construction elements such
as hinges, struts, etc., are nowadays designed
to be manufactured using technologies like
milling, wire-erosion, sheet metalwork, etc.
Additive manufacturing (AM), or 3D printing, however, is
not yet commonly used for this purpose, but it turns out to
be a very suitable manufacturing technology for this field
of application as an alternative to Electric Discharge
Machining (EDM). It opens up new design opportunities
for multi-DoF mechanisms (DoF = degree of freedom)
and optimisation of product mass.

When designers select AM as the manufacturing technology
for their design, they have considerable influence on both
geometrical accuracy and other properties. 3D printing of
flexures requires in-depth process knowledge to produce
successful designs. In order to have full control over the
manufacturing process, designers need to specify
supporting structures and laser strategies specifically for the
used material, layer thickness and geometry. This extends
far beyond the specification of only the end product, so in
fact the AM designer has to define the production strategy
for the product as well.

Mechanical properties
Over the years the mechanical properties and density of
printed products have been tested/monitored and at
AddFab this practice is continued. Despite the testing and
material knowledge, micro-cracks and notch effects are a

overlooked. AM designers need to think ahead and ensure
that post-machining is possible after printing and therefore
take account of clamping/machining forces, vibrations, tools
paths, thread tapping, cleaning, etc.

matter of concern regarding fatigue strength. The good
news is that areas of risk are predictable to a great extent
and if required, post-processing can be used to remove
defects. It is the nature of the material/AM process
combination, but experience has learned that 3D-printed
flexures are very usable in applications that undergo a
small number of load cycles during the product lifetime.
Although fatigue strength is a point of attention, the
increased degree of design freedom allows the
manufacturing of organic shapes that can avoid stress and
strain concentrations which reduces the risk of fatigue,
see Cases 2 and 3 below.

In conclusion
Although 3D printing of high-tech components with
flexures is challenging, it definitely shows promise for the
industry. Through the design cases, NTS has gained insight
into manufacturability and costs. By having AM in its
design and manufacturing portfolio, NTS is well prepared
and ready for the next challenges in high-tech systems
development.

Subtractive manufacturing challenges
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AM is all about the creation of new starting material. It is
great that the technology enables creating parts out of pure
functional material but as stated before, thermal stresses can
cause deformation. If accurate features and/or surface
finishing are required, post-machining will probably be
needed. It is nothing new for designers to be aware of all
manufacturing technologies involved with the product
design. With AM it is easy to manufacture complex-shaped
parts and the requirements for post-machining might be
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Case 1: Model conversion (2014)
The function of the original part is to align a laser beam by means of two adjustable mirrors on flexure tilt mechanisms. The goal was to make a printable
version and therefore avoid the need to make the hinges by means of wire erosion (which is time-consuming, hence expensive, and for complex products
presents a real risk of rejection due to wire break). For the AM part (b), the goals were set to have a comparable surface roughness at the mirror interfaces
and mechanical properties of the hinges. By adding only the functional material the AM part is printed from 90% (!) less material compared to the starting
situation for the conventional (subtractive) process.

c
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Original part with
illustrated beam path.

b

AM conversion.

c/c* Detail of leaf spring.
d

Leaf spring, thickness
1 mm.
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Case 2: Assembly to mono (2015)
The 3D-printed part originally was a 10-part assembly belonging to an optical column. The printed part contains two adjustable features which function
as end-stops (b). By using struts in a parallelogram construction (for the sake of stiﬀness), the end-stops can translate in a defined direction. The benefits
of 3D printing are not only the reduction of the number of individual parts, but also cutting costs on assembling, adjusting, cleaning and logistics. The cost
savings are estimated at 40%. With respect to quality, according to a 3D scan deviations from nominal geometry are within +/– 0.2 mm. This is acceptable
and only limited post-processing remains, such as thread tapping, and making accurate interfaces.

b

d

a

3D-printed monolithic
frame.

b

Location of details c
and d.

c

Struts for adjustable
end-stop (CAD), note
the fluent shape
transition between
strut and body
material.

d

3D-printed struts
(round 0.3 mm); see
matchstick head for
size comparison.

c

a

Case 3: AM design from functional concept (2016)
One of the projects needed a 4-DoF mechanism (x, y, tip, tilt) to align a sensor. The conceptual design consists of a sensor mount (d) supported by six struts
which are individually adjustable, thereby avoiding a stacked mechanism. Conventionally this would be built from multiple machined parts, the struts
would be cut from wire and glued or soldered in. Instead, this was translated to an AM design. Challenges were the manufacturing of struts (50 mm long,
1 mm thick) in diﬀerent build orientations and the build eﬃciency.
This design approach turns out to be cost eﬀective because there is no assembly and adjustment involved. Taking into account the savings on (bulk)
material as well, it was calculated that compared to conventional production using aluminium and steel parts AM is favoured for series of up to ten. In the
case of comparing with more diﬃcult-to-machine materials like titanium, AM is the first choice even for much larger series.

Design highlights are:
• Monolithic.
• Topology-optimised design.
• Integrated stroke limiting.
• Organic shape transitions to avoid stress and
strain concentrations at joints.
• Hinges and struts applied at diﬀerent build angles.
• Pre-printed threaded holes for push/pull screws.

d

a

b

In order to build a part (first time right) with this
complexity, customised support structures and scan
strategies have been applied.

c
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a

Conceptual design.

b

AM design.

c

Printed part as built.

d

Sensor mount.

