


The contributions of this paper are as follows: (1) A fast, afford-
able, and semi-automatic design and fabrication method for directly
encoding tunable, nonlinear stiffness into laminate robot legs; (2)
An approach for modeling nonlinear stiffness at the spring level
and understanding leg behavior at the system level; (3) A demon-
stration of how stiffness and nonlinearity play a role in jumping
dynamics, verified through both component-level characterization
and system-level jumping experiments.
In this paper, Sec. 2 presents the approach for designing, model-

ing, and optimizing the stiffness and dynamic motion of a jumping
laminate robot leg. Section 3 develops a model that describes the
vertical jumping of the leg actuated by a DC motor. Section 4
reports the design and prototype of a leg that can be tuned to one
of six stiffness profiles. Section 5 provides details of the character-
ization and validation experiments performed on the leg. The exper-
imental results are shown and discussed in Sec. 6. Lastly, Sec. 7
concludes the paper and points out future improvements.

2 Design Method

The design approach was structured so that legs resulting from
the process exhibited basic locomotion capabilities and sufficient
stiffness tunability while remaining as simple as possible. Thus,
we chose legs that can extend and retract in the sagittal plane and
exhibit series compliance, under the assumption that series compli-
ance heavily influences the stability, efficiency, and performance of
legged locomotion providing opportunities for further study. Rota-
tional motors were selected to drive the leg because they are widely
available in various dimensions, at different weights, and across a
spectrum of performance. The leg is a five-layer laminate device
with two outer, structural layers of the same material (sometimes
at different thicknesses), two identical adhesive layers, and one flex-
ible layer in the center.

2.1 Stiffness. As shown in Figs. 3(a) and 3(b), leg compliance
principally originates in a triangle-shaped linkage, wherein one link
is more flexible due to a section with thinner structural layers. When
the three-link system is subjected to a torque, this section bends and
the entire linkage behaves as a torsion spring.
The pseudo-rigid-body model (PRBM) for an end-loaded cantile-

ver beam with end forces developed by Howell and Midha captures
the stiffness and deformation of the flexible section, which is
modeled as two rigid links of the same total length connected by
a torsion spring [25]. The two subdivided links are then appended
to stiffer extensions on each end. Thus, the entire spring may be
modeled as a four-bar linkage with a torsion spring shown in
Figs. 3(c) and 3(d ). The spring constant is calculated by

ks = γKθ

EI

lA′C′

(1)

where Kθ is the PRBM stiffness coefficient, γ is the proportion of the
longer link of the two equivalent rigid links, E is the Young’s
modulus of the material, I= (wt3)/12 where w and t are the width
and thickness of the flexible section respectively, and lA′C′ is the
length of the flexible section. For common loading conditions, γ=
0.85 and Kθ = 2.65 [26]. As a result, the lengths of the two rigid
counterparts of AC are lAD= lAA′ + (1− γ)lA′C′ and lCD= lCC′ + γlA′C′.
Since the potential nonlinear stiffness of the proposed spring

cannot be described by Hooke’s law, the force and deformation
relationship is extended as

F = sign(x)Fmax

kx

Fmax

∣

∣

∣

∣

∣

∣

∣

∣

a

(2)

Fig. 2 The origami-inspired laminate fabrication process

Fig. 3 (a) Photo of the laminate spring and (b) photo of the lam-
inate spring under deformation. The string used to deform the
spring is only for taking the photo and it is not present on the
final device: (c) model of the laminate spring at rest and
(d) model of the laminate spring under deformation.

Fig. 1 (a) Photo of the laminate robot leg, (b) photos of the leg
tuned to different stiffness nonlinearity factors, which correlate
with the leg’s geometry, and (c) examples of stiffness profiles
of the leg
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where F and x represent either force and displacement or torque and
rotation, k is the stiffness coefficient, Fmax is the maximum force
output of the spring, and a is the term expressing the nonlinearity.
We normalize nonlinearity against maximum force because the
motor in our series of prototypes, which directly compresses
the spring, is limited in the peak force it can deliver. In this way,
the spring’s maximum deformation range varies with the stiffness
coefficient to Fmax/k. Increasing the nonlinearity term a from zero
to one to infinity corresponds to changing the stiffness profile
from initially hard to linear to initially soft, respectively, as
shown in Fig. 1. This also implies that a must be increased by a
larger amount when a> 1 to achieve the same curvedness compared
to when a< 1.
To obtain the ideal spring geometry for a given stiffness profile,

the stiffness error and spring mass was minimized according to the
following cost function:

fs = fs(lAA′ , lAB, lBC, lA′C′ , wA′C′ , tA′C′ , d)

=
1

Ns

∑

Ns

i=1

|τi − τ′i| +Wsms

(3)

where the link lengths l, flexible section width wA′C′, thickness tA′C′,
and deformation direction d are the design variables. τi represents
the torque required to deform the spring from θs1 to θsi, as calculated
by a static force analysis, and τi

′ represents the torque calculated
from a desired stiffness profile defined by Eq. (2). Ns is the
number of discrete points compared when deforming the spring
from θs1 to θs1+ τmax/k, and Ws is a weight constant that adjusts
the relative importance of the spring mass ms compared to stiffness
error. The stiffness was only matched in compression because our
spring design is intended to operate mostly in compression when
integrated into the leg.

2.2 Motion. The other function of the leg is to convert the rota-
tion of the motor into translation. A four-bar linkage was chosen
because flexure joints in a laminate device most closely resemble
pin joints in more traditional mechanisms and are simple to fabri-
cate. It is also simple to connect its crank with the link AB of the
spring to form the entire leg as shown in Fig. 1.
The laminate four-bar linkage was modeled as rigid links con-

nected by pin joints as in Fig. 4. The linkage orientation α is a
dependent variable that can be determined by making sure the
foot I is on the negative y-axis. The links FG and GI form a
single link but are intentionally modeled as noncollinear to repre-
sent the joint offset caused by the connection between them and

the link GH on the real device. Their angle β depends on the
device thickness and lGI.
An optimization routine was used to find a design that keeps the

foot trajectory as straight as possible when the crank is rotating; this
is described by the cost function fm and the desired foot trajectory
y′i, with

fm = fm(θm1, lEF , lFD, lGH , lEH , lGI , c)

=
1

Nm

∑

Nm

i=1

|yi − y′i| + |xi|
(4)

y′i = r(θmi − θm1) + y1 (5)

where the design variables include initial crank angle, θm1, link
lengths l, and a variable c that indicates whether or not the
linkage is in crossed form. xi and yi are calculated from the
linkage kinematics, Nm represents the number of points compared
along the trajectory from θm1 to θm1 + Δθm , and r is the virtual
radius that maps the crank rotation into the foot displacement.

2.3 Implementation. Several edge cases exist for motion and
stiffness optimization. For example, it is possible that the combina-
tion of design variables does not form a valid four-bar linkage or
triangle. Likewise, if θsi is too small, the links will hit each other.
Furthermore, the spring can also be longer than the four-bar
linkage and touches the ground during jumping. When these
cases are encountered we return a large cost value. The four-bar
linkage also needs to be designed before the spring so that the
spring’s size is properly constrained. In addition, for the discrete
design variables including tA′C′, d, and c, their continuous counter-
parts are converted by step functions. The values for all the design
parameters are listed in Table 2. The entire process and calculation
is coded in PYTHON. The differential evolution algorithm, available
in the SciPy package is used to find the global minimum [27].
Once a spring and a four-bar linkage are determined, 3D models
of the laminate devices are then created in their flattened state;
these can be easily folded up for assembly with other components
in CAD. A processing script, coded in PYTHON and based on
Ref. [24], converts the design into cut files containing the cut pat-
terns for each layer along with the cut geometry for releasing the
laminate from its web.

3 Jumping Model

To verify that the nonlinear springs function as expected in
dynamic scenarios, a model of the leg doing a vertical jump actu-
ated by a DC motor was developed and compared against experi-
mental data. We modeled only the stance phase of the jump,
because all motion after the foot leaves the ground is ballistic,
where leg design plays a significantly smaller role.
As shown in Fig. 5, the jumping leg consists of a body with a DC

motor, a spring, a leg represented by a pinion and rack pair, and a
foot. The motor spins the pinion through the torsion spring in
series. The rack converts the rotation to translation and pushes
against the ground. The foot is assumed to be always in contact
with the ground, which was later confirmed from the slow-motion
video of the actual jump. The equations of motion and the motor
electrical system can be described as

Imϕ̈m = Ki − bmϕ̇m − τs − τmb (6)

mb +
Il

r2

( )

ÿb =
τs

r
− mbg − Fbb (7)

ϕl = yb/r (8)
Fig. 4 (a) Photo of the four-bar linkage and (b) model of the
four-bar linkage
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ϕs = ϕm − ϕl (9)

Li̇ = V − Kϕ̇m − Ri (10)

where mb is the body mass, Im is the motor inertia, Il is the leg
inertia, K, R, L, V, and bm are the motor torque constant, resistance,
inductance, voltage, and damping, r is the moment arm of the
pinion, ϕm, ϕl, and ϕs are the motor angle, the pinion angle, and
the spring deformation angle, and yb is the body displacement.
Additionally, τs is the nonlinear spring torque similar to Eq. (2);
τmb represents the joint limit that prevents the motor from rotating
past Δθm ; Fbb is caused by another joint limit that prevents the leg
from retracting beyond defined starting length. They are formulated
as

τs = sign(ϕs)τmax

kϕs

τmax

∣

∣

∣

∣

∣

∣

∣

∣

a

+bsϕ̇s (11)

τmb =
kmb(ϕm − Δθm ) + bmbϕ̇m, ϕm > Δθm

0, otherwise

{

(12)

Fbb =
kbbyb, yb < 0

0, otherwise

{

(13)

where bs is the damping of the spring, kmb and bmb simulate the
spring and damping coefficient of the motor joint limit, and kbb is
for the leg joint limit. All initial states are set to zero except yb=
−mbg/kbb. The leg leaves the ground when the normal force experi-

enced by the foot, N = τs/r − ÿbIl/r
2
+ m f g − Fbb, reaches zero.

4 Prototypes

Fiberglass sheets2 have been selected as structural layers of the
laminate because they have a high yield strength and are flexible,
easy to cut, affordable, and come in a variety of thicknesses.
Sheets at 0.27mm and 0.45mm are used for the spring’s structural
layer with the flexible section. The 0.83mm fiberglass is used for
the other structural layer without the flexible section, providing
enough rigidity without adding too much weight. The four-bar
linkage uses 0.45mm and 0.83mm fiberglass. The Young’s
modulus E of all fiberglass sheets was measured at around 10.3
GPa based on preliminary testing. The 0.05mm polyester sheet3

is selected for the middle flexure layer, while the 0.015mm
heat-activated adhesive4 is used as the adhesive layer.
Six different spring prototypes and one four-bar linkage were

designed and fabricated to form six leg variants with different stiff-
ness profiles. To be noted, our proposed method mainly follows the
third approach of tuning and integrating leg stiffness discussed in
Sec. 1. The spring in the leg design is not discrete because it is
made of the same materials of the four-bar linkage and can be
easily combined into a monolithic mechanism. For the purpose of
this study, we kept the parts modular to reduce the amount of fab-
rication required and to maintain consistency within the four-bar
linkage. In the future when developing an entire multi-legged
robot, the spring will be embedded into the leg to avoid the extra
mass and complexity of keeping all parts modular. The springs
were divided into two groups of stiffness coefficients at k= {0.1,
0.2}Nm/rad and three nonlinearity factors at a= {0.5, 1.0, 2.0}.
The maximum torque was set to τmax= 0.06Nm, resulting in 0.3
or 0.6 rad spring travel range. These values represent roughly the
boundary of the feasible stiffness design space for the proposed
method, geometry, and material selection. The length of the flexible
section was limited to a small range to keep all springs similar in

size and mass. The resulting spring designs are shown in Table 1;
the stiffness profiles predicted by the design model are plotted in
Fig. 8. The design parameters for the four-bar linkage were deter-
mined by balancing the needs of a straight foot trajectory, a low
mass linkage, and a large crank rotation range. The final design
has a crank rotation range of Δθm = 1.5 rad and a virtual radius of
r= 40mm, as shown in Fig. 6.
A close-up photo of the fully assembled device is shown in

Fig. 1(a). To reduce the footprint of the spring, the flexible
section is divided in pieces and stacked in the direction of layer
thickness. An additional layer of 0.83mm fiberglass sheet is
added to the link FG and GI of the four-bar linkage to further
increase the rigidity. To form a leg, the spring and linkage are
then connected together with fiberglass sheets, plastic rivets,5 and
staples. This allows us to quickly swap springs and test the leg at
different stiffness profiles. A small strip of friction tape6 is
applied to the foot. 3D printed parts and screws are used to attach
a micro-metal gear motor with 75:1 ratio.7 The 3D printed parts
also have joint limits to constrain leg travel and the range of allow-
able motor rotation. The entire leg system weighs ∼28 g, consisting
of the motor at 10 g and the laminate mechanism at ∼15 g.

5 Experiments

Multiple experiments were carried out to fully evaluate the pro-
totypes. The stiffness profiles of all six springs were measured
under static loading conditions. In this experiment as shown in
Fig. 7(a), the link AB of the spring is fixed onto a force sensor8

while a robot arm9 pushes the link AA′ around an axis that is perpen-
dicular to the ground and goes through the spring origin. The robot
is commanded to rotate 0.01 rad and wait 1 s at each step until the
spring’s maximum deformation is reached. The torque exerted on
the sensor and the robot’s rotation around the axis are then recorded
at ∼1000Hz. Each experiment is then repeated three times. In post-
processing, only the settled part of the rotation and torque data for
each step is averaged and used. The rotation data are also offset by
the angle where the robot begins to deform the spring, which is
determined by obtaining the angle where the torque first exceeds
0.001Nm. Three trials for each spring are then interpolated and
averaged to form a single stiffness curve. Plots of all the curves
can be seen in Fig. 8. The stiffness coefficient and nonlinearity of
the actual devices are then found with curve fitting, which are
plotted in Fig. 9.

Fig. 5 The jumping leg model consists of a body with a DC
motor, a spring, a leg represented by a pinion and rack pair,
and a foot

2ACP Composites G-10/FR4.
2Grafix Clear Dura-Lar.
4Drytac MHA.

5Heyco Products HEYClip Snap Rivets 9030.
63M Gripping Material TB641.
7Pololu 3064.
8ATI Industrial Automation Mini40 IP65/IP68.
9Universal Robots UR5e.
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The stiffness profile of the full leg is often slightly different from
just the triangular spring; another set of static stiffness experiments
for all the leg variants was thus conducted. In these experiments as
shown in Fig. 7(b), the link EH of the leg is fixed to the ground and
the link EF is set but not fixed to the θm1 starting pose with the foot
slightly touching the force sensor. The robot arm then pushes the
link AA′ in the same way as the previous tests so that the deforma-
tion of the spring causes a force to be applied to the sensor. The
force and robot rotation are then recorded and processed in a
similar fashion, except that an initial offset angle is selected at the
point that the force first exceeds 0.05N. To compare the spring
and leg stiffness on the same plot (Fig. 8), an equivalent moment
arm of 34mm is used to compare force and torque; this value
was selected because it minimizes the error between spring and
leg stiffness.
Further experiments were performed to characterize the effec-

tive damping of the springs. In these experiments as shown in
Fig. 7(c), the spring is fixed onto the ground with a 10 g weight
and a marker added to link AA′. The link is then deformed to its
maximum angle and released manually. The oscillation of the
weight is tracked and recorded by a motion capture system10 at
360 Hz. Assuming the behavior is similar to a second-order
linear spring, damper, and mass system, the damping coefficients
were derived from the second peak to the end of the recorded
oscillation to avoid disturbances due to initial release. The
results are listed in Table 1.
Vertical jumping experiments were then performed across all leg

variants. In these experiments as shown in Fig. 7(d ), the leg starts

at its fully retracted pose; the DC motor is then activated at 9V
for 0.5 s, fully extending the leg. The jump is guided by a plastic
tube which slides along a pre-tensioned string. Although the toler-
ance between the tube and string’s diameter is rather large and
vibrations in the string are present during the ballistic phase, the
system is able to produce relatively smooth, low-friction motion
before the leg left the ground as shown in the Supplemental
Video.11 The same force sensor and motion capture system are
used to record the ground reaction forces (GRF) at 1000Hz and
the body position at 360Hz. Five jumps are recorded across each
design variant. The body speed is calculated from the position
data. The starting time of the jump is when the voltage is applied
and the lift-off time is when the measured GRF became zero.
Both the speed and GRF are forward-backward filtered with a
second-order 20Hz low-pass Butterworth filter. The data of the
five trials are then interpolated and averaged as shown in Fig. 10.
A high-frame-rate camera12 also records the entire jumping
process at 1000 fps. Key frames of one of the jumps are shown in
Fig. 11 and the Supplemental Video13 includes a jumping clip for
every leg variant.
The motion of each leg variant was also simulated using the

model developed in Sec. 3. In each simulation, the body mass is
set to mb= 20 g and the foot mass is set to mf= 8 g. The inertia of
the pinion, Il, which is related to the spring and part of the
four-bar linkage, is ignored because it is small compared to the
reflected inertia of the motor. The simulation also uses the stiffness
coefficient and nonlinearity factor of the leg and damping coeffi-
cient of the spring measured previously. The DC motor parameters
are obtained from an experimental characterization. The radius of
the pinion is set to the same value as the virtual radius specified
in the motion design. The values for all the model parameters are
listed in Table 2. The equations were numerically solved using
“RK45” [28], available in the SciPy package in PYTHON, at a
maximum time-step of 1 × 10−4 s.

6 Results and Discussion

The stiffness profiles of the design goal, the model prediction,
the spring, and the entire leg are plotted in Fig. 8. It is clear that
the geometry of the proposed spring affects both of its stiffness
coefficient and nonlinearity factor. Our proposed model captures

Table 1 Spring designs and properties

Goal stiffness coefficient, Nm/rad 0.1 0.2

Goal nonlinearity 0.5 1 2 0.5 1 2

Shape

Device photo

Flexible section width/thickness, mm 21.3/0.45 12.2/0.45 13.8/0.27 31.1/0.45 24.2/0.45 22.8/0.27
Spring/Leg mass, g 5.33/28.5 4.24/27.2 4.23/27.2 5.94/29.2 4.72/27.7 4.68/27.7
Damping coefficient, 1 × 10−4Nm/
(rad/s)

16.3 12.9 2.25 22.8 15.8 5.74

Fig. 6 (a) Shape of the four-bar linkage design and (b) photo of
the four-bar linkage device

10NaturalPoint OptiTrack Prime 17W.

11https://youtu.be/RLCke-TzDjA
12Sanstreak Corp Edgertronic SC1.
13See Note 11.
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this relationship well, and the design method is capable of tuning
the stiffness profile on demand. Table 1 further shows that springs
with the same nonlinearity factor have very similar geometric
shapes. For linear stiffness, the spring is similar to a slim isosceles
triangle. As the stiffness becomes nonlinear, the shape turns into
an obtuse triangle. Depending on whether the spring is deformed
toward or away from the grounded link, the initially soft or ini-
tially hard stiffness curves can be achieved. Conceptually, given
a torque applied to the input link, the difference in shape alters
the ratio between the tangential and normal force applied to the
output link. As the spring is deformed, the ratio also continues
to change and results in the nonlinear stiffness curve. The
stiffness coefficient is driven primarily by the width of the flexible
section, while the thickness of the flexible section determines
the maximum or minimum “local” stiffness one spring can
achieve. For example, since an initially soft spring has a very

small slope when slightly deformed, a thinner fiberglass sheet
has to be used.
As illustrated in Fig. 9, the achieved range of stiffness profiles for

actual springs and legs is smaller, even though the model predicts
relatively large coverage across the goal design space. This is
mainly because the remaining links in the system are not rigid
enough and the flexure joints have additional, unintended compli-
ance, unlike ideal pin joints. We confirmed this by comparing the
stiffness profiles of four variants of the k= 0.2 and a= 0.5 spring
design, among which three of them are laminates but with different
width of the supposedly-rigid links and one is a closer-to-ideal 3D
printed version with all joints supported by bearings and only the
flexible section made from fiberglass. Details are omitted here to
stay within the page limit and focus on the main topic. Material var-
iation and fabrication inaccuracy also play a role in the deviation
observed. The actual devices exhibit less nonlinearity than the

Fig. 7 Experimental setups for (a) the spring static stiffness, (b) the leg static stiffness, (c) the spring damping coefficient, and
(d) the leg jumping test
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model; this effect is worse for the entire leg than the spring. For both
initially hard springs, the stiffness profiles of the entire legs are less
nonlinear than their springs alone. The range of stiffness coeffi-
cients for real devices is also smaller, though it matches better
than the nonlinearity factor. In the worst case, the lower bound is
11.0% higher for an initially soft spring and the upper bound is
14.5% smaller for an initially hard spring.
The differences between springs’ damping coefficients can be

quite significant, as shown in Table 1; they are clearly related to dif-
ferences in geometry. The springs with thinner flexible sections
have smaller damping coefficients; for springs of the same thick-
ness, the damping coefficient is proportional to the width of the flex-
ible section.
For the vertical jumping simulation and experiment, the body

speed, GRF, and the power output are displayed in Fig. 10. The
“power output” represents the power received by the leg; it is
approximated from the product of body speed and GRF. The rea-
sonable agreement across the results shows that the characterization
method of the springs is valid and that the jumping model captures
the key behaviors. It also affirms our hypothesis that leg stiffness
can be tuned to achieve different performances. In fact, the liftoff
speed of a leg with stiffness k= 0.1 and nonlinearity of a= 2.0 is
17.7% larger than a leg with stiffness of k= 0.2 and nonlinearity
of a= 0.5, considering a relatively small difference in mass. Peak
power output can also differ as much as 19.4%. More interestingly,
there is a nearly linear relationship between peak power output and
nonlinearity in both simulation and experiment, as shown in Fig. 12.

Such relationships are not caused by the damping of the springs,
since the simulation without damping produces similar results.
Although a larger stiffness coefficient and nonlinearity search
space might lead to further improvement in jumping performance
theoretically, it is difficult to achieve in practice because the goal
design space for this study is already out of reach for the selected
design, geometry, and material as previously mentioned in Fig. 9.
Additionally, some parameters that could significantly impact the
performance such as the mass and damping are dependent and
not individually tunable hinted by Table 1. Nevertheless, we do
intend to explore techniques that could widen the achievable
design space in the future.

Fig. 8 Plots of tuned stiffness profiles of the robot leg, eachwith
a comparison across the design goal, model prediction, individ-
ual spring, and entire leg. It demonstrates that both stiffness
coefficient and nonlinearity are tunable for the proposed spring
and leg design: (a) k=0.1 Nm/rad and (b) k=0.2 Nm/rad

Fig. 9 Plot of the achievable design space of the robot leg.
There is a trend of shrinkage from the design goal to model pre-
diction to individual spring to entire leg.

Fig. 11 Key frames of one of the jumping trials. The leg has a
stiffness profile of k=0.1 Nm/rad and a=0.5.

Fig. 10 Plots of body speed, GRF, and power of the robot leg
jumping with different stiffness profiles. Both simulation of the
model and experiment data are plotted. They are in close agree-
ment especially on the correlation between nonlinearity and peak
power output: (a) k=0.1 Nm/rad and (b) k=0.2 Nm/rad
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7 Conclusions

The origami-inspired laminate design and fabrication method is a
powerful tool for quickly producing low-cost and diverse compliant
robot legs. The proposed design, modeling, and optimization
approach enables one to tune both the stiffness and nonlinearity
of a robot leg from only a few design parameters, without any addi-
tional manual design steps. Once the design scripts were written and
CAD models parameterized, it took only ∼2 h to generate and fab-
ricate all laminate components for all six variants. Our results also

demonstrate significant performance improvements through tuning
these parameters via a series of vertical jumping experiments.
Several shortcomings will be addressed in future work. First, the

achievable design space is rather small compared to the predicted
space. The simplest solution is to utilize more complex cross-
sectional profiles to stiffen links, via folding or other means.
Another option is to explore a wider range of materials to expand
our range of available stiffnesses. On the other hand, instead of
increasing complexity by stiffening inherently soft systems, we
should also consider the advantages of keeping the leg design as
simple as possible and optimizing our design to account for the par-
asitic compliance found in our current materials. Since our robots
can be built quickly and affordably, this enables us to collect
more data using real devices. Future work will explore machine
learning techniques that can bridge the sim-to-real gap using exper-
imental data, potentially avoiding the “arms-race” of making stiffer,
larger, and thus more massive devices. Other differences between
simulation and reality can be attributed to the relatively high
inertia of the leg, and interference from the linear guide. This
issue can be mitigated by carefully balancing the mass distribution
of the entire robot system or scaling the system up.
This paper serves as a starting point of encoding tunable stiffness

directly into laminate robot legs. This method lowers the barrier
associated with studying the role of stiffness and nonlinearity in
legged locomotion. It is our aim that this approach leads to more
affordable, legged robot designs that can be easily tuned for novel
applications and scenarios.
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