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Abstract. Among the advances evidenced over time in race wheelchairs, the use of new materials and the reduction of
the mass of the equipment stand out. Thus, the objective of the present work is to evaluate the use of a structural profile
partially constructed with the use of additive manufacturing. Computational simulation of the structure was done by the
finite element method, considering part manufactured by additive manufacture and part made of aluminum alloy. The
results showed that the structure supports the applied static loads and the weight of new structure is lower than other
commercial racing wheelchairs. We conclude that it is possible to build equipment that partially uses manufacturing by
the additive manufacturing method and that other materials must be tested to evaluate the most suitable material.
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1. INTRODUCTION

Since the begin of the wheelchair race in the Paralympics, there have been a lot of changes in the designs of these
equipment. The changes have brought about extraordinary improvements in athlete performance (Masse et al,[1992).

According to [Masse ef al| (1992) In the 1980s there were the development of new racing wheelchairs that can be
responsable for extraordinary improvements in the wheelchair racing performance. Among these improvements can be
mentioned changes in the structure that gave improvement in the aerodynamics of the chairs and decrease in structure
mass.

Most racing wheelchairs structures are made of aluminum, steel, or titanium, and some carbon fiber composite
(Cooper, [1991).

According to [Jirveldinen| (2008), the racing wheelchairs are comonly made of an aluminum structure that is fairly
lightweight. Figure[I]shows an example of a currently used racing wheelchair.
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Figure 1. Tatyana McFadden on a racing wheelchair at a Paralympic Games. Available from: http://mediad.
publicbroadcasting.net/p/shared/npr/styles/x_large/nprshared/201805/160392341.jpg. Accessed in:
03/27/2019
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The current racing wheelchair uses the most diverse materials for the fabrication of the main structure. Among the
materials currently used are the 6061 T6 aluminum alloy (INVACARE™ show in the Fig. MOTIVATION™ and
SPEED RACING™), 7020 aluminum alloy (WOLTURNUS™) and carbon fiber (OX™, BMW™ show in the Fig. [3|
KIWAMI™ and IDOMI™ show in the Fig. [4).

Figure 2. The structure of this racing wheelchair manufactured by TOP END/INVACARE is made of 6061 T6
aluminum alloy. Availabe from: https://topendwheelchair.invacare.com/file/v4536626461701872225/
general/TopEndHeroBannerHigh?20D_Roman_03. jpg. Acessed in: 06/02/2019.

The BMW Designworks development studio, located in California, USA, has developed a carbon fiber racing wheelchair
for the United States Paralympics athletics team to use at the Rio 2016 Paralympics, shown at Fig. [3] 2016).
According to a report by (2016), BMW used carbon fiber instead of traditional aluminum structures to increase
the strength/weight ratio and to improve aerodynamics, since with carbon fiber the possibilities of redesigning the shape

of the equipment are greater 20716).

Figure 3. Racing wheelchair developed by BMW. Available from: (Newcomb, [2016).

Honda-Yachiyo company is developing a fully carbon fiber structure (Cooper ef al.,[2018). Honda-Yachiyo offers two
models of carbon fiber racing wheelchair, KIWAMI™ and IDOMI™, shown at Fig. |4}
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Figure 4. Racing Wheelchair models IDOMI (left) and KIWAMI (right) developed by Honda-Yachiyo. Available from:
https://www.yachiyo-ind.co.jp/lib/2018/03/kiwamiidomil .jpg. Acessed in: 29/05/2018
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Several authors affirm that the mass of the race wheelchair is one of the most influence variables on the performance
of the athlete. Thus, the more it is possible to decrease the mass, the less time the athlete will spend to reach the finish line
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(Fuss|, 2009; Mason, 2011} [Barbosa and Coelho, [2017). By this way, a product made from plastic materials by means of
additive manufacture has the possibility of reducing the mass of the equipment due to the low densities of materials used
in 3D printing, such as PLA (Polylactic acid), ABS (acrylonitrile butadiene styrene) and Tritan™.

According to |Volpato and Carvalho| (2017) it is possible to construct parts and prototypes through the additive man-
ufacture from a 3D (three-dimensional) representation of an object made in a Computer-aided Design (CAD) system.
According to the authors it is possible to construct complex geometries by means of the successive addition of layers of
the material used (Volpato and Carvalhol 2017).

Thus, due to the importance of the mass decrease in the structure of the racing wheelchair, and in view of the possi-
bilities that the additive manufacture has presented the objective of the present work is to evaluate the use of a structural
profile partially constructed with the use of additive manufacturing.

2. COMPUTATIONAL PROCEDURE

The model was designed based on measures found in the user manual and parts catalogs of the TOP END™, IN-
VACARE racing wheelchair. In addition, measurements were taken of SPEED RACING™ racing wheelchair made
available by a wheelchair athletics team from SESI, Uberlandia. The cage of the racing wheelchair was designed based
on commercial profiles available in manufacturer’s catalogs, such as the examples shown in Fig. [5] such as round tubes,
round bars and flat bars. These are profiles commonly used in the construction of equipment and are commercially found
with certain ease. These profiles can be seen on racing wheelchair cage in Fig. [6]

Figure 5. Structural profiles used in the model with comercial profiles. Font: (ALCOA, 2015)

The front of the model, consisting of the fork, steering and T-frame, was designed in an aerodynamic format and for
manufacturing using additive manufacture (Fig. [6).

Fork

Steering

Figure 6. New model of racing wheelchair designed with parts to built by additive manufacturing.

After the modeling of the racing wheelchair was completed, the structural static analysis was carried out by the finite
element method (MEF), aiming to investigate the mechanical strength of the structure and the critical points likely to fail
due to static loads.

In the analysis was used the ANSYS™ software. The material assigned to the cage for analysis was the 6061 T6
aluminum alloy. Its mechanical properties are: Young’s Modulus 71 GPa, coefficient of poisson 0,33, Yield Strength 280
MPa. Already in the Fork, Steering and T-frame was assigned the material PLA. Its mechanical properties are: Young’s
Modulus 3.5 GPa, coefficient of Poisson 0,36 and Yield Strength 59 MPa.

According to |Callister| (2008), one of the main characteristics of aluminum and its alloys is its relatively low specific
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mass (2.7 g/cm® compared to 7.9 g/cm?® of steel). PLA also has a relatively low specific mass (1.25 g/cm® compared to
aluminum 2.7 g/cm?).

As we can be seen from Figure [7] the locked made on the tested structure are indicated by the red arrows. The lock
of the structure were made at all points where the racing wheelchair wheels are located. Thus, were locked the supports
(axle holes) of the two rear wheels and the front wheel support (axle hole).

A: Static Structural

Fixed Support

Time:1,s 0,00 600,00 (mm)
209/09/2017 16:05 |

300,00
Figure 7. Points were the structure was locked.

In the preliminary tests using finite element modeling a vertical load of 1800 N was defined, essentially, on the two
tubes that support the load of the athlete in the seat cage. This load was applied to the center of gravity of the two tubes
located in the center of the seat cage, showed in the Figure@

A: Static Structural
Force ¥
Time:1,s
29/09/2017 17:34 I.
0,00 400,00 {(mm) X
[ Force: 1800, N [ e
Components: 0,-1800,,0, N 200,00

Figure 8. Position of vertical load in the seat cage.

3. RESULTS AND DISCUSSION

Figure [9] shows results of the structural millimetric displacement in the racing wheelchair’s frame. Note that the
maximum displacement is approximately 9.26 mm. This displacement is justified by the fact that it is in the part of the
structure that was designed using aluminum alloy. In this area the dimensions are same as a lot of equipment already used
by many athletes. Therefore, this issue is not of concern, since there is no such problem in current equipment used on the
athletics.
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Figure 9. Illustration of the result obtained with the deformation in the racing wheelchair structure.

The results of the structural analysis show that the maximum von-Mises equivalent stresses reached 262.5 MPa at
the cage which was designed with aluminum profiles (Fig. [T0). Thus, it is considered that the maximum stress that the
structure can reach is equal to the material Yield Strength (the aluminum Yield Strength is 280 MPa). Therefore, it is
possible to verify that the structure meets the requirement of mechanical strength.

It is important to clear that in the parts where additive manufacture was used, the maximum von Mises tensions were
below 59 MPa (PLA Yield Strength).

0,00 600,00 {mm) l)\
L S— X

300,00

Figure 10. Ilustration of the result obtained with the von-Mises equivalent stress in the racing wheelchair structure.

The mass of the model also deserves attention. In this case, the simulation presented a theoretical mass of 3.15
kg. This is lighter than the 4.5 kg of the racing wheelchair with commercial profiles, and made entirely of aluminum,
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presented by (2015). This information is important because the weight of the racing wheelchair is significant to
the performance of the athlete.

4. CONCLUSIONS

This preliminary analysis shows that it is possible to build parts of a racing wheelchair using additive manufacture.
However, it is noted that it is necessary to do other types of tests and analyzes to validate the use of this type of manu-
facturing in these equipments. In this work, PLA was used for 3D printing, which is an interesting material for making
prototypes, but it is not suitable for the construction of final products. As a suggestion of future work, it is indicated to
test other 3D printing materials, such as Tritan™, which is a lightweight plastic and has better mechanical properties than
PLA and ABS. Figure [T1]shows the racing wheelchair partially built in additive manufacture, assembled whith rear and
front wheels.

Figure 11. Racing wheelchair assembled
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