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Abstract. In this paper, we introduce the design of a variable-diameter wheel
for mobile robots. The goal is to improve maneuverability and crossing capacity
of such robots by actively controlling the diameter of wheels. Origami patterns
have been recently considered in robotics for the design of compliant and
deployable structures. In our context, compliance can limit the load capacity of
mobile robots. We then propose an origami-inspired design to bene!t at the
same time from the high deployability of origami patterns and the stiffness of
articulated mechanisms. The proposed deployable wheel is based on a flasher
structure. Kinematic architecture is determined to allow the transition from a flat
con!guration to a folded con!guration for maximum deployability. The original
arrangement of kinematic joints to get the flasher motions with a rigid-body
mechanism is presented. In addition, an actuation mechanism is designed to
control the wheel radius using a single actuator. Finally, design of peripheral
shape is discussed to maintain proper rolling capacity. The implementation of
the prototype is then presented with validation of kinematics properties.

Keywords: Origami ! Origami-inspired mechanism ! Variable-diameter
wheel ! Mobile robot ! Deployable mechanism

Fig. 1. Folded (left) and deployed (right) con!gurations of the origami-inspired mechanism for
deployable wheel
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1 Introduction

Design of mobile robots for exploration tasks is challenging because of the unstruc-
tured environment they can encounter. Bypassing or crossing various obstacles such as
holes, stairways or walls requires a high maneuverability as well as crossing abilities.
Large diameter wheels help to improve the capability to cross holes or obstacles, and
also to enhance the traction performance [1]. Going through narrow passages or tunnels
however constrain the maximum allowable size of wheels as observed in [2, 3]. One
way to satisfy all requirements is to transform wheels into active components with
controllable diameters, as introduced in [2] where the robot is composed of a body and
two variable diameter wheels. The overall decrease of diameter then helps to go
through narrow spaces, and increase of diameters improves obstacle crossing capa-
bility. In addition, steering of the robot can be achieved by variation of the wheel
diameters. The interest of such an approach is linked to the achievable range of
diameter for the wheel. In this paper, we are therefore interested in the design of wheels
of variable diameter, trying to maximize the range of variation. In addition, the wheels
have to support the vehicle weight. This constitutes a second design objective. As a
result, we are interested in the design of wheels with variable diameter that offer, at the
same time high load capacity and large range of diameter.

Several designs have been recently introduced for variable diameter wheels. They
can be distinguished by the adopted design principle. Origami patterns have been
considered to create wheels using folding of flexible materials. The ratio between
maximum and minimum wheel diameter can then reach 2.2 in [2], around 3.1 in [4] and
9.2 in [5]. Other designs have been introduced using rigid-body articulated mecha-
nisms. The ratios are, in these cases, equal to 2 in [6], 1.5 in [7] and 1.3 in [8]. The
well-known deployability of origami patterns is clearly an advantage to create wheels
with large diameter variations. However, kinematics of origamis is generally only
possible thanks to the compliance of the material used for the pattern. Origami-based
solutions are also restricted by their load capacity. For example, in [2] the wheel
deformation is around 5% under a 1 N radial force. This constitutes a strong limitation
for the design of deployable wheels as origami-based wheels will remain compliant,
making it dif!cult to ensure high load capacity. With current solutions, a contradiction
exists between using compliant design to remain foldable and using articulated
mechanisms to bear high load capacity. The approach we propose is then to consider
the interesting deployability of origami patterns, but designing our deployable wheel as
an origami-inspired solution that is a rigid-body mechanism. This constitutes our main
contribution, illustrated in Fig. 1, with the introduction of a wheel of variable diameter
that is designed following this approach to offer at the same time deployability and load
capacity.

The requirements for rolling and crossing capacities may depend in exploration
robotics on the ground properties. Different outer pro!les of wheels have then been
considered [7, 9]. In [6] the proposed shape of the deployable wheel varies with the
diameter. One con!guration is dedicated to stair crossing, another one to rolling. In [1,
7, 8] or [9] the shape of wheels is chosen to favor obstacle crossing. It is then not
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possible to improve rolling ef!ciency without modifying the deployable mechanism.
Our proposition is to ensure wheel deployability independently from the wheel outer
shape. With the presented design, different types of wheel contact can be obtained for
the same deployability. This constitutes a second contribution of the presented work.

Origami-inspired design is an active !eld, with several recent approaches reviewed
in [14]. Building an origami-inspired mechanism requires to select and adapt one of
these approaches in order to determine the proposed kinematic architecture. This will
be presented as the !rst part of the work. The interest of the system is also linked to our
objective to actuate it with a single actuator. The design of an actuation mechanism
using a single actuator is then a second part. The elaboration of the variable-diameter
wheel architecture is introduced in Sect. 2, with the description of the selected origami
structure, the design of the associated rigid-body mechanism and the actuation
mechanism. Section 3 is focused on the analysis of the wheel properties in terms of
contact management and deployability through the implementation of a proof of
concept for experimental assessment. Finally, conclusions and perspectives are sub-
mitted in Sect. 4.

2 Design

2.1 Introduction of the Selected Origami Pattern

The flasher origami considered in [2] and depicted in Fig. 2 is of interest as it can be
switched from a flat unfolded con!guration to a fully folded con!guration with a large
radial variation, as represented in Fig. 3. In [5], a !rst implementation of this origami
using rigid elements was investigated for a deployable solar panel, which con!rmed the
interest of such origami pattern. The proposed kinematics is however complex to
implement with several actuators needed to control the deployment. In the following,
we thus consider the flasher origami and derive an associated origami-inspired rigid-
body mechanism that can be deployed using a single actuator.

Origami patterns are best described by the planar arrangement of folds, represented
graphically by the location and type of folds within the pattern (Fig. 4). The colors are
assigned to the fold direction. A red (respectively blue) fold designates a so-called
mountain (valley) fold, where the direction leads the fold to come up (down). The
facets delimited by the folds are the panels of the origami pattern. Their upper surface is
represented in white, their lower surface in grey.

The pattern of the flasher origami is represented in Fig. 2. It is the repetition of an
elementary pattern depicted in Fig. 5, composed of 4 panels connected with three
mountain folds and one valley fold. Two additional valley folds are used to connect the
elementary pattern with the neighbouring panels belonging to other elementary pat-
terns. The folded con!guration of the flasher is obtained when the facets B and B! are
superimposed, as well as facets A and A!. We therefore need to reproduce this motion
with the rigid and thick panels that compose a rigid-body mechanism.
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Fig. 2. The pattern of the flasher origami. In red, the elementary pattern and in orange the
associated neighboring panels. Blue background is added to outline the panel boundaries.

Fig. 3. Sequence showing origami flasher deployment, from flat con!guration to folded
con!guration.

Fig. 4. Illustration of mountain and valley folds for a simple origami pattern, before (left) and
after (right) folding.
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2.2 Deployable Mechanism Design

Building an origami-inspired mechanism requires to deal with the thickness of solids,
negligible when paper is considered as in origami folding. Several design methods
dealing with thick origami have been introduced such as shifting of folding axis [10,
11], membrane folding [5], strained joint area fold [12], the double hinge method [13],
tapered panels method [13] or shift panels method [16]. They have been reviewed and
discussed in [14] and [15].

All methods have restricted !elds of applications de!ned by conditions on the
origami patterns. The flat foldability condition de!ned in [11], i.e. the existence of flat
con!gurations in folded and unfolded states, is necessary for the double hinge and
shifting folding axis methods. Most methods require to have an origami with admis-
sible kinematics, which means the rigid foldability condition [11] has to be ful!lled: it
must be possible to fold rigid panels without thickness according to the origami pattern.
This is not the case for the flasher origami. As outlined in [14], interference between the
panels is dif!cult to avoid when following [16]. This method is therefore not valid in
our case. The methods of [5] and [12] are based on the introduction of additional
degrees of freedom to have admissible kinematics. Internal mobilities are therefore
generally introduced [14]. This is not acceptable in our context as the mechanism
deployment has to be controlled with a single actuator.

No existing method directly !ts our situation. The design of the deployable rigid-
body mechanism is therefore achieved with a speci!c approach composed of two steps.
In a !rst step, the impact of panel thickness is investigated experimentally. The
objective is to determine the condition that allows the flasher to be kinematically
admissible with thick and rigid panels. The flasher kinematics is strongly linked to the
behavior of the elementary pattern. So, in this step, only this pattern is considered.
A prototype of a flasher elementary pattern is manufactured with rigid thick panels
manufactured with 3-mm PMMA polymer sheets. Membranes composed of standard
tape are added to implement the creases between the panels. The tape is located on the
top layer for the valley folds and bottom layer for the mountain folds. No backlash has
been left between panels to ensure that the link replacing the crease can be considered
as a revolute joint. Using a trial-and-error approach, it is then identi!ed that the

Fig. 5. Elementary pattern of the flasher origami in unfolded con!guration (left) and during
folding (right).
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suppression of the crease between panels A! and B! (Fig. 4) is the only possible
modi!cation to get foldability of the elementary pattern.

In a second step, the suppressed fold is replaced by a kinematic chain that allows us
to get admissible kinematics without any internal mobility. The determination process
is conducted using a rigid-body simulation software. Kinematic joints are added to
constrain the displacement of the panel B! when the elementary pattern is folded. The
adequate kinematic chain is composed of !ve revolute joints (Fig. 6) connecting panels
A! and B!. The revolute joints 5, 6, 7 allow the planar displacement between A! and B!
panels which is needed for thickness accommodation. Then the revolute joints 4 and 8
are connected with the panels so they can move like in the origami. Joints 1, 2, 3 and 9
are designed to have mountain folds replaced by revolute joints on bottom edges and
valley folds by joints on top edges. The mechanism is obtained after duplicating the
elementary pattern to follow the initial flasher arrangement (Fig. 7) and tested using the
same software. Kinematics remains admissible, with possibility to fold the mechanism
from the flat con!guration represented in Fig. 7 to the folded con!guration of Fig. 9
passing through partially folded con!guration in Fig. 8. This process validates the
kinematic scheme of the proposed origami-inspired mechanism.

Fig. 6. Kinematic scheme of the elementary pattern composing the proposed origami-inspired
mechanism.
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Fig. 7. 3D kinematic illustration of the obtained rigid-body mechanism in flat con!guration.

Fig. 8. 3D kinematic illustration of the obtained rigid-body mechanism during folding (left) and
a zoom on small elementary pattern (right).

Fig. 9. 3D kinematic illustration of the obtained rigid-body mechanism folded con!guration.

Origami-Inspired Design of a Deployable Wheel 7

A
ut

ho
r 

Pr
oo

f



2.3 Actuation Mechanism Design

In order to determine how to actuate the mechanism shown in Fig. 7, the numerical
simulation is used to analyze !rst the relative motions of the components. The folding
sequence can then be simulated by placing virtual actuators on the creases. It is
determined that it is possible to constrain the motion of points P1 to P6 along axis x1 to
x6 (Fig. 10) to get the mechanism deployment. This constraint can be achieved by
placing a spherical joint connected to the base by mean of a prismatic joint.

Prismatic joints are connected to the mechanism frame numbered 0 on Fig. 10. For
a pattern i, i 2 [1, 6], the body 2.i is connected with this ground through a prismatic
joint of axis xi and with the flasher-like mechanism through a spherical joint of center
Pi. The translation of the body 2.i induces the motion of the mechanism connected to
the spherical joint. The body 1 is connected with the frame through a revolute joint. Its
main functional surfaces are spiral-shaped grooves. Each groove is de!ned to ensure a
radial displacement of the body 2.i constrained by the prismatic joint. The linear
motions of points Pi, need to be synchronized during deployment to ensure the
simultaneous deployment of all elementary patterns. This the aim of the axial repetition
of the spiral shaped grooves. Finally, the rotation of the body 1 induces the motion of
points Pi, and then the mechanism deployment.

Fig. 10. Kinematic scheme of the actuation mechanism.
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3 Implementation

The analysis and assessment of the wheel properties in terms of contact management
and deployability requires the implementation of a proof of concept. In the following,
we consider the design of a variable-diameter wheel in the context of a research project
dedicated to mobile robots for exploration1. The robot design has an impact on the
desired wheel size and inner diameter in folded con!guration. Because of project
speci!cation, the minimal diameter of the wheel has to be higher than 150 mm.
According to this value, the dimensions of the mechanism have been adapted. The
design is achieved considering manufacturing with 3D printing techniques applied to
the panels and machining processes to all other components.

3.1 Wheel Pro!le Management

Exploration robots evolve in various environments. A wheel that can be designed with
various pro!les has a better versatility and therefore a larger number of use cases.

In its flat con!guration, the outer shape of the flasher origami can be cropped. Thus,
for our deployable wheel, it is possible to adapt the wheel shape in its deployed
con!guration. In the folded con!guration, as paper has no thickness, the shape of a
flasher origami cannot however be modi!ed. On the contrary, the proposed mechanism
can be modi!ed thanks to its thickness. The speci!c shape to adapt the mechanism is
integrated to the thickness without consequence on the deployment. In Fig. 11 and 12,
a !rst example is provided, removing the actuation mechanism for sake of clarity. Here,
a circular wheel pro!le is desired. It is obtained for the two extreme con!gurations. In
Fig. 10, the added speci!c volumes are indicated with dashed lines. The ratio between
the diameters of the folded and unfolded con!guration is then equal to 170%. This
means that the external diameter can be 1.7 times larger in the expanded con!guration
than in the folded con!guration.

In Fig. 13, a second example is provided with the design of a wheel that can be
used as a claw wheel (folded con!guration) or a circular wheel (deployed con!gura-
tion). Such a component can be used to maximize the robot motricity in different
terrains.

1 http://www.origabot.cnrs.fr.
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Fig. 13. Side view of adaptable wheel with a claw wheel in folded con!guration (left) and a
circular pro!le wheel in expanded con!guration (right) at the same scale.

Fig. 11. Implementation of a quasi-circular wheel. Side view in folded (left) and expanded
(right) con!gurations at the same scale.

Fig. 12. Implementation of a quasi-circular wheel. Three-quarter view in folded (left) and
expanded (right) con!gurations at the same scale.
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3.2 Prototype

A proof of concept was built (Fig. 1) in order to con!rm the kinematics of the proposed
mechanism, and to assess the reachable range of wheel diameters. 3D printing is
favoured as it simpli!es the manufacturing of the kinematic chain connecting the
panels determined in Sect. 2.2. The CAD design (Fig. 14) was performed considering
the project requirements in terms of size, and the performance of FDM printing with
PLA material. The simplicity of joint design was also favoured, using standard com-
ponents for the spherical (WGRM-05, Igus Inc.) joints and prismatic (NW-02-17 and
NS-01-17, Igus Inc.) and 3-mm steel axes for the revolute joints designed as barrel
hinges. The guiding slots are produced using CNC milling to limit friction in the joints.

The number of joints and parts makes the assembly process delicate. With this !rst
proof of concept, the geometrical accuracy of 3D printed parts also introduces some
defects in joint alignment that overconstrain the mechanism. The use of polymer limits
the stiffness of panels and links used in the kinematics chain connecting them. The
deployability of the proposed origami-inspired mechanism could still be observed
experimentally, as represented with the two con!gurations represented in Fig. 1. The
external diameter could vary from 160 to 265 mm, which represents a variation ratio of
1.65.

Fig. 14. CAD view of the prototype with the actuation mechanism. Two elementary patterns
have been removed for better visibility.
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4 Conclusion

In this paper, we have developed an origami-inspired mechanism to be used for
variable-diameter wheels. Such wheels can be of interest in the design of mobile robots
as they can contribute to steering or crossing capacity. The proposed system is built as a
rigid-body mechanism to try to increase the load capacity of the wheel and therefore of
the robot. An approach combining experimental evaluation and simulation was adopted
to determine the kinematic architecture, starting from the flasher origami pattern.
A kinematic scheme is proposed to actuate the deployable mechanism thanks to a
single actuator. The solution is of particular interest for mobile robots as the mechanism
for diameter variation can be designed independently from the surfaces needed for a
proper contact with the terrain. Two examples are provided with a quasi-circular wheel
or a wheel with claws. A proof of concept was implemented. The deployment sequence
is con!rmed, and the achievable variation of diameter is about 100 mm which corre-
sponds to a ratio of 1.65.

The achievable deployment ratio is dependent on the implementation conditions,
such as the minimum component dimension and their manufacturing process. Further
work is required to assess the maximum range that can be reached with the proposed
kinematic architecture as well as load capacity. Origami-inspired mechanisms are
composed of a large number of components and kinematic joints. The implementation
of revolute joints constrains the minimal size of the panels. The development of
solutions for simplifying the whole manufacturing and assembly process, and in the
end improving the size and mechanical ef!ciency of the component, is another per-
spective of this work.
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