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Fig. 1. DMLS working principle

EOS introduced the EOS M250 as the first metal sintering system. At that stage
the system used a CO2 laser to sinter Direct Steel 20 and Direct Metal 20
material. With newer laser technology available, EOS developed the M270
machine which processes newer materials with a solid state laser. Table 1
explains the difference between the EOS M250 and M270 machine. Table 2
shows the commercially available that can be processed using DMLS

technology.

EOSINT M 250 Xtended EOSINT M 270

0 allround system for Direct Metal and M top-end system for all DMLS

Direct Steel materials materials in best i
[ bulld volume 250 + 250 + 200 mm 1 bulld volume 250+ 250 + 215 mm
(including thickness of building (including thickness of building
platform) platiorm)
1 CO2 laser, 200 Watt L1 solid state laser, 200 Watt
L dual focus

Table 1. Difference between EOSINT M250 and EOSINT M270 [4]
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Material Name Material Type

Typical Applications

Direct Metal 20 Bronze-based mixture | Injection moulding tooling; functional
prototypes

Direct Steel 20 Steel-based mixture Injection moulding tooling; functional
prototypes

Direct Stesl H20 Steel-based mixture Injection moulding tooling; functional

prototypes

EOS Stainless Steel 17-4 | Stainless stesl
17-4 PH/ 1.4542

Functional prototypes and series
parts; engineering and medical

EOS Cobalt Chrome MP1 | CoClriMa super alloy

Functional prototypes and series
parts; engineering, medical and
dental

EOS Titanium Tig4 TIGAI4V light alloy Functional prototypes and series
parts; aerospace, motor sport eic.
EQS Titanium CP Pure titanium Functional prototypes and series

parts; medical and dental

Table 2. Commercially available DMLS materials [3]

Direct Metal 20, Direct Steel 20 and Titanium Ti64 are available at the Centre for

Rapid Prototyping & Manufacturing (CRPM).

2.2 Conventional Tooling

Injection moulds are made conventionally by various processes such as EDM
(Electric Discharge Machining), CNC milling and wire cutting, as well as
combinations of these processes. However, constructing a mould using these
processes can be a time/labour intensive exercise. As shown in Fig. 2, steel
cavities appear to be more expensive than those made in other materials. In spite
of this, steel cavities are normally the preferred option, due to the longer service

life of the mould.
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Fig. 2. Relative costs for cavities made from various materials [5]
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Aluminium machined inserts | Aluminium machined inserts
with 50 mm thickness with reduced 22 mm
thickness
Material cost € 180 €80
Machining time 58 hrs 57 hrs
Machining cost € 1160 € 1140
Total cost € 1340 € 1220

Table 4. Cost to CNC machine two Aluminium cavities of the design showed in Fig. 6

DMLS inserts (0.02mm)

DMLS inserts (0.02mm)

with 50 mm thickness with reduced 22 mm
thickness
Material cost € 8155 € 3352
Growing time 232 hrs 130 hrs
Growing cost € 7540 € 4225
Total cost € 15695 € 7577

the DMLS process

Table 5. Cost to produce (0.02 mm layer thickness) two cavities of the design showed in Fig. 6 using

DMLS inserts (0.06mm) DMLS inserts (0.06mm)
with 50 mm thickness with reduced 22 mm
thickness
Material cost €6779 € 3024
Growing time 117 hrs 59 hrs
Growing cost € 3803 € 1918
Total cost € 10582 € 4942

Table 6. Cost to produce (0.06 mm layer thickness) two cavities of the design showed in Fig. 6 using
the DMLS process

DMLS cores (0.02mm)

Material cost = € 84
Growing time =9 hrs
Growing cost = € 281

Total cost = € 365

Table 7. Cost to produce three cores using the DMLS process

The mould was assembled and the first 250 handles were produced in glass filled
nylon for client approval. Another two cavities were machined in Aluminium
without any cores needed to produce the blue rubber over mould grip (showed in
Fig. 3). The order of a thousand moulds was completed and the client could use
these parts to source more funding to make production tools.
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4.2 Case study 2: The secure airway clamp project

A local anaesthetist made an enquiry to develop a device that could secure the
ET (Endo-tracheal) tube better than conventional methods. When a patient is
intubated during anaesthesia it is very important that the ET tube remains in the
correct place. If the tube deviates from the correct position it can cause one or
both lungs to collapse which can be fatal. The idea behind the product was to
design and manufacture a product that holds an ET tube in place in a more
secure manner than the current normal plaster. This project has a worldwide
patent registered. The secure airway clamp is a two-component part with an
inner hard nylon part which ensures the stability of the product, and with a soft 60
Shore A rubber that is over- moulded on the nylon part to ensure that the
mouthpiece does not hurt the patient's mouth

It was decided to CNC machine the cavities (as shown in Fig. 10) to produce the
inner part in Aluminium because of its simple geometry. The cavities were
machined in two days. The over mould cavities (as shownin Fig. 11) were grown
on the DMLS process (0.02 mm layers) in 53 hours at a cost of € 2646. The
conventional price for the tooling to produce the two component Secure Airway
clampis approximately € 10 000 and will take 6-8 weeks to manufacture.

Fig.9. Design of inserts to be grown in Direct Metal Fig.10. Cavities were machined but the small
20 material using the DMLS process bronze insert was grown and fitted inside the mould.

Fig.11. Grown inserts in Direct Metal 20 material
using the DMLS process
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A dual advantage is achieved by this “Hybrid” approach, as time to market is
significantly shortened and as a result of the money saved, it is possible to
identify and correct design mistakes without considerable financial losses.

4.3 Case study 3 - The flag holder project
The CRPM assisted a start up company to develop a flag holder device (seen

in Fig. 12 and 13) to attach a supporter's flag to a car. The flag holder consists
of a top, bottom cover, internal lock part, gasket and a vacuum suction cup.
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Fig. 12. Flag holder design Fig. 13. Enlarged view of the design

After the design was completed it was decided to manufacture a nylon prototype,
as shown in Fig. 14, using the Laser Sintering process and PA2200 polyamide
material. The rubber suction cup and gasket was vacuum cast to simulate the 60

Shore A material. This prototype was tested at 120 km/h with a one by two meter
flag.

Fig. 14. Rapid prototype fitted onto a car
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After approval by the client, designs were made of all the cores and cavities to
manufacture the different components using the injection moulding process. The
top, bottom cover and internal lock part was to be made in glass filled nylon and
the gasket and a vacuum suction cup out of 60 Shore A rubber. The cavities for
the internal lock, gasket and suction cup were machined in Aluminium due to its
simple geometry. [t took approximately 10 days to machine the cavities.

The cores (as shown in Fig. 15, 16 and 17) of the top and bottom covers were
grown in DMLS (0.02mm layers) in Direct Metal 20 material. Part of the core
design was a conformal cooling design. The cooling design was very intricate
and close to the surface and the only way to construct the cooling lines was by
using DMLS process. The two core inserts were grown in 60 hours at a cost of €
2791.

Fig. 15. Design of bottom cover core Fig 16. Design of top cover core with conformal
cooling lines

The two cavities (as seen in Fig. 18) were machined in Aluminium at UV Tooling
(Cape Town). This injection moulding firm also did the assembly of the two cores
and two cavities and performed the trial runs. UV Tooling was very impressed by
the quality especially on the shut off areas as it was not necessary to trim the
injection moulded parts.

Fig. 15. Design of bottom cover core Fig 16. Design of top cover core with conformal
cooling lines
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44 Case study 4: The SIMpill project

The SIMpill® Medication Adherence System is aimed at monitoring the patient’s
medication schedule and intake of medication. This system reminds patients and
caregivers, as necessary, by sending a text message to the patient's and/or
caregiver's mobile phone if the patient does not take their medication as
prescribed. All monitoring and reminders happen in real-time. Fig. 19 shows the
design of the SIMpill device and the middle part with the compartments needed
to be injection moulded. Fig. 20 shows the completed product and the white part
was injection moulded by using the Rapid Tooling approach.

Fig 19. Design of SIMpill product Fig. 20. Injection moulded part

The client needed 250 injection moulded parts within two weeks when he
approached us. The part was produced with rapid prototyping. The client
however needed a medical grade ABS part for the pills to be stored in. After
design approval the inserts design were made by a local injection moulding firm.
It was decided to use a bolster that was already used for another project as the
time frame was very short. The core and cavity was grownin Direct Metal 20 on a
metal base using the DMLS process, as seen in Fig. 21. The inserts were
machined/fitted inside the bolster within approximately seven days including the
polishing of the inserts as shown in Fig. 22. The production of the first 150 parts
took one day to complete. The client was satisfied with the quality and fitment of
the products.

Fig. 21. Grown core and cavity using DMLS Fig. 22. Polished core with ejector pins fitted
process

19









