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Abstract We report recent efforts in the design and
construction of water-walking machines inspired by insects
and spiders. The fundamental physical constraints on the
size, proportion and dynamics of natural water-walkers are
enumerated and used as design criteria for analogous
mechanical devices. We report devices capable of rowing
along the surface, leaping off the surface and climbing
menisci by deforming the free surface. The most critical
design constraint is that the devices be lightweight and
non-wetting. Microscale manufacturing techniques and
new man-made materials such as hydrophobic coatings and
thermally actuated wires are implemented. Using high-
speed cinematography and flow visualization, we compare
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the functionality and dynamics of our devices with those of
their natural counterparts.

1 Introduction

Nature has much to teach us about innovative, optimal and
versatile designs. Since its inception, biomimetics has
grown increasingly interdisciplinary, merging biology with
nanotechnology, engineering and applied mathematics.
The interface of these fields has led to the invention of
diverse devices and materials, from gecko-inspired tape
(Geim et al. 2003) to a dolphin-skin-inspired torpedo shell
(Fish 2006). Biomimetic robots are now being built to
emulate birds (Dickinson et al. 1999), fish (Triantafyllou
et al. 2000) and turtles (Long et al. 2006); some recent
developments are reported in this issue. In this paper, we
present a few relatively modest devices capable of a form
of locomotion that has been largely neglected in biomi-
metics: walking on water.

Nearly three centuries ago, the biologist Ray (1710)
reported with amazement the ability of certain insects
(Mesovelia) to run from land across the water surface
without slowing. Recently, progress has been made
towards the classification of the various means of walking
on water (Bush and Hu 2006) and the development of the
first water-walking devices based on nature’s designs (Hu
et al. 2003; Suhr et al. 2005; Song et al. 2006; Floyd et al.
2006). Unlike devices inspired by swimming and flying
creatures, water-walking devices must contend with the
additional challenge of staying atop the water surface. We
identify in this paper a minimum number of design prin-
ciples relevant for water-walkers and apply these principles
in the construction of a number of water-walking devices.
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We begin with a review of previously built biomimetic
water-walking devices. Water-walkers can be classified as
large or small according to the magnitude of the Baudoin
number Ba = %, where Mg is the creature’s weight, ¢ P
its maximum supporting surface tension force, P its contact
perimeter and ¢ = 70 dynes/cm the surface tension of water
(Baudoin 1955; Bush and Hu 2006). Large water-walkers
(Ba > 1) cannot rely on surface tension for static support.
Certain lizards and shorebirds can dash across water by
slapping the surface with their feet, thereby supporting
their weight with a combination of fluid inertia, buoyancy
and added mass forces (Glasheen and McMahon 1996b). A
machine capable of running on water in a manner similar to
the basilisk lizard is being developed by Floyd et al.
(2006). However, this feat is beyond the capabilities of
humans due to their inherent power limitations (Glasheen
and McMahon 1996a). Man may only walk on water using
flotation devices, which are generally plodding and cum-
bersome. The first such device resembled floating cross-
country skis and was implemented by fifteenth century
ninja (Heishichiro et al. 1966); a similar design was envi-
sioned by Leonardo da Vinci (1478-1518).

Small water-walkers (Ba < 1) can reside at rest on the
water surface, supported by surface tension. Their means of
locomotion have inspired the devices reported here. The
most common water-walking insect is the water strider,
which propels itself by rowing with its long middle legs.
The water strider has a key adaptation common among
water-walking insects: its legs are covered with a dense
mat of hair that renders them effectively non-wetting
(Andersen 1976; Gao and Jiang 2004; Bush et al. 2007).
The first biomimetic water strider leg was designed by Shi
et al. (2005) by means of electrochemical deposition of
gold aggregates. The first mechanical water strider was
reported by Hu et al. (2003) and is detailed in Sect. 3.
Recently, Suhr et al. (2005), Song et al. (2006) constructed
a new generation of biomimetic water striders capable of
turning and remote-controlled motion on the water surface.
A thermally actuated mechanical water strider is reported
in Sect. 3.

In addition to propelling themselves laterally along the
free surface, many water-walking insects and spiders can
leap vertically. The dynamics of leaping off the free sur-
face was first studied by Suter and Gruenwald (2000) in the
context of the fisher spider. Theoretical work on jumping
off the free surface was reported by Li et al. (2005), who
considered the dynamics of a floating spring-mass system
and examined the dynamical importance of compression
length and spring stiffness. In Sect. 4, we describe the first
mechanical device capable of leaping off the water surface.

It would seem obvious that an insect must move its legs
in order to propel itself. However, in the presence of a
meniscus, some water-walking insects can move simply by
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deforming the free surface: by maintaining certain fixed
postures, they can ascend fluid menisci in a quasi-static
manner (Hu and Bush 2005). Baudoin (1955) first observed
this type of motion in Dryops, which ascends a fluid
meniscus by arching its back. He showed that bent metal
strips do likewise if he bent the strips so that they have the
same curvature as the meniscus. Floating hexagons also
propel themselves quasi-statically into a tessellation, as
shown by Whitesides and Grzybowski (2002). In Sect. 5
we present a simple design for a mechanized meniscus
climber.

In Sect. 2, we enumerate the physical constraints that
guided us in designing our devices. Thereafter, we report
the designs of our mechanical water-walkers and accom-
panying descriptions of the insects that inspired them. In
Sect. 3, we present a mechanical rower based on the water
strider Gerris; in Sect. 4 a leaper based on the springtail
Podura aquatica; and in Sect. 5 a mechanical meniscus
climber based on the beetle larva Pyrrhalta.

2 Design principles

We have based the design of our small water-walking de-
vices on the following fundamental principles. First and
foremost, the device must be hydrophobic in order to
prevent its penetrating and adhering to the free surface
(Bush et al. 2007). Second, it must be sufficiently light-
weight to reside at rest on the free surface. Since water-
walking insects are more dense than water, they cannot rely
exclusively on buoyancy forces for weight support; instead,
their weight Mg must be supported by curvature forces:
Ba = % < 1. Thirdly, we require that the driving leg never
be completely wetted during its stroke. In nature, this is
accomplished by a dense mat of hairs that preclude the
intrusion of water onto the driving leg; contact with the
water is limited to the hair tips. In our devices, complete
wetting is discouraged by the use of water-repellent
materials. Finally, where possible, the devices have been
designed to resemble their natural counterparts, having the
same number of limbs and body proportions.

These design constraints for the mechanical water-
walkers may be satisfied by maintaining dynamic similarity
with their natural counterparts. The driving leg can be
modeled as a cylinder of radius w and length L striking the
free surface with a peak speed U, rowing frequency f, and
applied force per unit length F. Buckingham’s Theorem
(McMahon and Bonner 1985) indicates that this reduced
insect-fluid system for a given impact geometry is uniquely
prescribed in terms of six dimensionless groups: the
Reynolds number Re = Uw/v, Bond number Bo = pgw2/0',
Weber number We = pUzw/a and Strouhal number
St = (wH)/U, aspect ratio A = w/L and Andersen number
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Fl/o, where v and p are the viscosity and density of water
and where F. These dimensionless groups relate the rela-
tive magnitudes of the propulsive forces used by the water-
walker (Bush and Hu 2006). All designs were aimed at
achieving dynamic similarity between the mechanical de-
vice and its natural counterpart, and so matching these
dimensionless groups.

3 Rowing

The biomimetic device in Fig. 1 was inspired by the most
common of water-walking insects, the water strider. The
water strider’s typical gait consists of a sculling motion of
its middle legs against the free surface; this gait involves
two phases. The first is a propulsive phase in which it
drives its central pair of legs backwards against the free
surface (Andersen 1976; Hu et al. 2003). The next is a
recovery phase in which the strider recocks its legs for the
next stroke as it glides to a stop. By varying the strength
and angle of the driving stroke, the water strider either
glides across the surface or leaps vertically.

Robostrider (R1), originally reported in Hu et al.(2003),
is a self-contained device that rows without breaking
through the water surface. The body plan is detailed in
Fig. 1. Measuring 13 cm from leg tip-to-tip, it is compa-
rable in size to the world’s largest water strider, Gigan-
tometra gigas (Tseng and Rowe 1999). Despite its size, its
aluminum frame makes it sufficiently lightweight (0.35 g)
to be supported by surface tension, as indicated by its
Baudoin number in Table 2. Like its natural counterpart,
R1 sits on the water surface on its front and back pairs of
legs. The legs are cut from hydrophobic stainless steel wire

Fig. 1 Schematic diagrams of
Robostrider 1 (R1) in plan (a-b)
and side views (c—d). Insets
detail the pulley and elastic
string driving mechanism. At
rest, R1 sits on the free surface
on its pairs of front and hind
legs. During locomotion, an

(0.2 mm gauge), and the body from aluminum sheet
(thickness 0.13) cut from a beverage can.

R1 is driven by its middle legs that are actuated by the
lightweight pulley apparatus detailed in the inset of Fig. 1.
The middle legs are attached to the axis of a nylon pulley
(radius Ry = 0.09 cm). An elastic band (9 cm length, elastic
modulus k = 3,100 dynes per unit strain) is anchored on one
end to the pulley, on the other end to the rear of the body.
The device is loaded by winding the pulley; when released,
the tension of the elastic band rotates the pulley, driving the
rowing leg tips in a circular motion of radius R, = 1 cm. It
is critical that the leg tips do not penetrate the surface
during the stroke; subtle tuning of the orientation of the
driving legs is thus generally required. The total force
applied by R1’s legs can be readily calculated for this
simple system: using a torque balance on the driving leg,
the total force may be written 2F = F,R|/R, where the
force F, provided by the elastic band is given by Hooke’s
law, F, = ke where k is the elastic modulus and ¢ the
maximum strain. A rubber band of elastic modulus 3,100
dynes per unit strain and maximum strain 1.5 was chosen
that produced a force per length of the driving legs of 30
dynes/cm. Since this force per unit length is less than 2o,
curvature forces adequately resist the submergence of the
driving leg.

The dynamics of R1 was studied using high-speed video
at 500 fps (Fig. 2). Its dynamics are characterized in
Tables 1 and 2. The maximum distance travelled by Rl
with a fully wound pulley was 20 cm, or five leg strokes
(Fig. 2¢). Flow visualization using thymol blue showed
that R1 generates a wake containing vortices similar in
form to, but less coherent than, those generated by water
striders (Fig. 2b; Hu et al. 2003). Generally, the leg tips did

elastic thread wrapped around
the pulley rotates the central
driving legs in a circular rowing
motion that propels the device
forward. All units in cm

@ Springer



Exp Fluids

Fig. 2 a R1 facing its natural
counterpart, Gerris remigis. R1
is 9 cm long and is powered by
an elastic band running down its
length. b R1 generates dipolar
vortices in its wake, as
visualized using thymol blue.
The direction of R1 and its
vortices are indicated by the
white and black arrows,
respectively. ¢ High-speed
video frames of R1’s motion
during five rowing strokes. R1 is
released by hand (at left in c).
The device is lit from above;
consequently, shadows are cast
by surface deformations
associated with static menisci
(a) or waves generated by the
driving stroke (c). Scale bars

1 cm

t=0s

t=13s time

t=0.1s t=02s

Table 1 Physical parameters describing the geometry and dynamics of the water strider and its mechanical counterparts (R1 and R2)

Leg radius Leg length Body weight Leg speed Leg frequency Leg perimeter Applied force/unit
w (cm) L (cm) Mg (dyn) U (cm/s) f(1/s) P (cm) length F' (dyn/cm)
Strider 0.006 0.6 4.5 27 100 22 60
R1 0.009 43 350 20 60 50 30
R2 0.025 1.2 70 5 5 10 20

Table 2 Dimensionless groups characterizing the geometry and dynamics of the water strider and its mechanical counterparts (R1 and R2)

Leg aspect Reynolds Bond s Weber s Strouhal Andersen Baudoin
ratio /. =% Re = U» Bo = &~ We = 20" St=" An=1E Ba ="
Strider 0.01 16 5% 107 6x107 2% 107 0.4 0.03
R1 0.002 16 1x107 4 %1072 3% 107 0.7 0.08
R2 0.02 12 9x107 9x107 2 %1072 0.3 0.12

not penetrate the water surface despite speeds in excess of
20 cm/s. The greatest challenge in deploying R1 was
maintaining its hydrophobicity. While water striders are
able to dry their legs by grooming, R1 had to be dried by
hand between runs in order to maintain its water-repellency
and so prevent its sinking.

For locomotion of longer duration, we built another
mechanical water strider, Robostrider 2 (R2) that is closer
in size and weight to its natural counterpart. The body of
R2 was laser micro-machined from a single piece of steel
shim stock (thickness 0.04 cm), shown in Fig. 3. The legs
of the machine were coated with non-wetting Teflon (AF16
Dupont), which provided a static contact angle 0 of 104°,
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comparable to the value reported on insect cuticle by
Holdgate (1955). We note, however, that the surface
roughness is qualitatively different on the legs of R2 and its
natural counterpart, the latter being characterized by a
piliferous layer that maintains an air layer between the
water and the bulk of the leg surface (Bush et al. 2007).
R2’s driving legs are composed of bi-layered cantile-
vers, consisting of a thin and thick segments, as shown in
the inset of Fig. 3 (Luo et al. 2005). When a voltage (10 V)
is applied to the leg, the thin part of the cantilever heats up
faster and elongates more than the thick part, which bends
the cantilever 2 mm and drives the leg in a sculling motion.
These actuators are seamlessly integrated into the body of
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Fig. 3 R2 has built-in heat actuators to power the driving stroke. The
left inset shows the details of the leg, which consists of a bi-layered
cantilever. When a voltage is applied to the leg, the thinner layer of
the cantilever heats up faster and lengthens more than the thicker

R2 in order to reduce its total weight to 0.07 g. Also, to
reduce the weight, the power source for the thermal actu-
ators was wired to an external voltage source.

The dynamics of R2, and the pros and cons over its
predecessor, were assessed using high speed video of its
motion. While the size of R2 is comparable to its natural
counterpart, its slow body speed (2 mm/s) is two orders of
magnitude lower. Unlike its predecessor, R2 has an
external power supply that permits it to travel indefinitely.
While R1 was hand-made, R2 was manufactured by com-
puter-controlled machining (a similar technique as used in
Fearing et al. 2000), allowing it to be made much smaller.
Moreover, this production method lends itself easily to
mass production and upgradability. Currently, R2’s legs are
wired in parallel, which makes it capable of only straight-
line motion. However, by wiring each of the legs inde-
pendently, R2 may be easily given turning capabilities.
One disadvantage of R2’s design is that there is an inherent
upper limit to its maximum speed. Excessively high ap-
plied voltage results in the formation of bubbles at the leg’s
contact line. Insulating surface coatings would allow for
the application of higher driving voltages and so higher
speeds.

4 Leaping

Many water-walkers leap from the free surface (Suter and
Gruenwald 2000; Suter 2003), but it was the impressive
leaping ability of Podura aquatica that inspired our
mechanical leaper. The 1 mm long Podura ratchets a
spring-loaded forked tail called a furca at its underbelly, as
shown in Fig. 4. To leap, it releases the furca which strikes
the free surface, catapulting it upwards to heights of 2 cm,
or 20 body lengths. High-speed video indicates that the
furca is ratcheted for 100 ms and then released over a time
scale of 1 ms. It is noteworthy that this is the fastest
movement reported for any water-walker.

layer, causing the cantilever to bend and R2 to stroke. Under an
applied voltage of 10 V, the maximum deflection of the leg tip is
2 mm. Scale bar 1 cm

Owing to difficulties in designing on a small scale,
Roboleaper (RL) was constructed to be ten times larger
than its natural counterpart (Fig. 5). It consists of a curved
leaf spring with a latch that is engaged by hand and re-
leased by heating with a soldering iron (Fig. 6). As the
ends of the spring are released, its leaves strike the surface,
catapulting RL upward. Its mass m of 4 mg makes it suf-
ficiently light that it may be supported by surface tension;
its Teflon AF16 (Dupont) coating renders it sufficiently
non-wetting to detach from the free surface. We note that
hydrophobicity is a critical requirement for the leaper:
uncoated leaf springs were unable to detach from the free
surface.

In order to leap to achieve an initial speed v, the bending
energy initially stored in the spring must exceed the
leaper’s initial kinetic energy %mv2 :

EIL 1
ﬁ>§mv (1)

where E is the the Young’s modulus, / the area moment of
inertia, L the length of the spring and R the radius of the
circular arc (Landau and Lifshitz 1986). We were able to
generate leaps of height H =~ 10 cm using a Kapton HN
Polyimide (Dupont) sheet with density 1.4 g/cm®, Young’s
modulus 2.5 x 10° dynes/cm?, length L, width w, and
thickness ¢ listed in Table 3. The bending energy for these
values is approximately 130-200 dynes cm and the initial
kinetic energy only 80 dynes cm. The difference in these
energies reflects the transfer of kinetic energy (KE) to the
underlying fluid, the generation of surface energy (SE) in
deforming the free surface, losses due to viscous dissipa-
tion (®), and the work done in detaching from the free
surface (Wp). Rough estimates suggest characteristic
values of KE of 50 dynes cm, SE and Wp, less than 30
dynes cm and negligible viscous dissipation. The domi-
nance of kinetic over surface energies is also reflected in
the rupture of the interface following take-off. Note that if
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Fig. 4 The water-walking springtail Podura aquatica (length 2 mm)
drawn from photographs. The spring-loaded forked tail swings
outward, deforming the surface a distance AL to drive the leap of
height H

the take-off is vertical, and provided aerodynamic losses
are negligible, one may simply relate the initial kinetic
energy of the body to the gravitational potential energy at
the apex of the leap, mgH.

The motion of RL was characterized using high speed
video (Fig. 6). The takeoff has a time scale of 3 ms,
comparable to the 1 ms time for Podura. The leaf velocity
of U ~ 50-100 cm/s resulted in vertical jumps of H~10 cm,
an order of magnitude larger than those of Podura owing to
the relatively large elastic energy stored in the leaf spring.
Characteristic parameters and dimensionless groups
describing the device’s motion are listed in Tables 3 and 4.
As indicated by the large values of the Strouhal and Weber
numbers, the dominant propulsive forces are associated
with the added mass and inertia of the fluid, rather than the
surface tension.

RL was able to leap consistently on the water surface,
but the angle of departure of the leap was highly variable
and difficult to control. It is noteworthy that its natural
counterpart suffers the same problem. Smaller leapers such
as Podura frequently tumble in the air and land on their
backs. Since the leaps occur at such high speeds, both real
and mechanical springtails are highly sensitive to their
initial orientation.

5 Meniscus climbing

Water-walking insects at times cross from water to land in
order to lay eggs and evade predators. In order to do so,
they must contend with concave menisci at the borders of
land that appear to them as frictionless mountains. While
spiders and striders are capable of leaping over menisci,
other relatively slow insects cannot and so are obliged to
exploit the attraction between like-signed menisci in order
to climb (Baudoin 1955). Non-wetting insects such as the
water treader Mesovelia climb menisci by inserting
retractable, hydrophilic claws into the free surface and
pulling upwards (Hu and Bush 2005). The water lily leaf
beetle larva Pyrrhalta is wetting and propels itself up the
meniscus by arching its back, generating menisci at its
head and tail (Fig. 7a) that are attracted to the background
meniscus. This means of capillary propulsion provides the
basis for the design of our mechanical meniscus climber.
In the first discussion of meniscus climbing, Baudoin
(1955) demonstrated that millimetric bent metal strips as-
cend menisci. We have constructed a slightly more
sophisticated mechanical climber (RC) five times larger
than its natural counterpart, the larva Pyrrhalta (Fig. 7).
RC consists of a rectangular plastic sheet with a thermally
actuated Nitinol muscle wire stretched along its midline,
attached to either end. Passing current through the muscle

Fig. 5 Two views of the mechanical leaper floating on the water
surface. The leaper is composed of a strip of metal and held in a
curved posture by a micro-scale latch mechanism detailed in the inset.
The bolt is slid into the notch; heating of the latch causes the bolt to
shrink and retract from the notch. The reusable latch mechanism in
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the spring was cut using a pin hole steel mask (0.1 cm) and a laser
(248 nm UV excimer laser from Resonetics Micromachining
Systems, NH). The entire device is rendered hydrophobic with a
teflon coating (static contact angle of 104°). Scale bars 2 mm
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Fig. 6 High-speed video sequence of the forward jump of RL. The
time-scale of the leaper’s take-off is 1 ms. The mechanical leaper is
actuated by heating the latch with a soldering iron (right) at time

t = 1 ms. Heating releases the latch, opening the curved ends of the
leaper. Scale bar 1 cm

Table 3 Physical parameters describing the geometry and dynamics of the mechanical leaper (RL) and its natural counterpart, the springtail

Podura aquatica

Body width Body length Body thickness Body weight Body speed Contraction frequency Body perimeter
w (cm) L (cm) t (cm) Mg (dyn) U (cm/s) f/s) P (cm)
Springtail 0.01 0.05 0.01 0.1 50 1,000 0.1
RL 0.2 1.3 7.5 % 10° 4 50-100 1,000 3

Table 4 Dimensionless groups characterizing the geometry and dynamics of the mechanical leaper (RL) and its natural counterpart

Body aspect Reynolds Bond Weber , Strouhal Baudoin

ratio 2 =¥ Re =1 Bo = £ We:w St:% Ba:%
Springtail 0.2 50 1.4 x 107 0.4 0.2 1.2 x 1072
RL 0.15 10° 0.6 7-28 2-4 13 x 107
Fig. 7 Natural and mechanical a -

mensicus climbers. a The beetle
larva climbs the meniscus by
arching its back, deforming the
water surface at its head and
tail. b For the mechanical
meniscus climber, arching is
prompted by the contraction of a
temperature-sensitive muscle
wire. Scale bars 3 mm

wire leads to ohmic dissipation; the resulting heating cau-
ses the wire to contract and the sheet to bend. When the
wire is relaxed, the sheet’s inherent stiffness provides the
opposing force that returns RC to a planar state. The sheet
material, lexan plastic (density 1.2 g/cm®) was chosen so

that RC would be sufficiently lightweight to be supported
by surface tension. Lexan is also wetting, which allows it to
deflect the free surface vertically.

The most important design parameter for RC was the
size of the rectangular plastic sheet. Once the muscle wire
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is contracted, a non-zero force F.q is required to stretch it
back to its original length. When contracting, the muscle
wire exerts a maximum force Fy,, typically five times Fqq
(Mondotronics, Co.). The sheet therefore must be suffi-
ciently stiff to deform the cold relaxed wire, yet sufficiently
compliant to be deformed by the hot contracted wire. This
constraint may be written

Fh0t>8g >Fcold (2)
where E, I and L are the Young’s modulus, area moment of
inertia, and length of the sheet (Crandall et al. 1978). For
the muscle wire used in our device, a lexan sheet with
Young’s modulus 2.3 X 10'° dynes/cmZ, length L, width w
and thickness 7 listed in Table 5 was sufficient to satisfy (2).

RC is shown climbing in Fig. 8. Voltage supplied by an
external power source causes RC to arch and so ascend the
meniscus at an average speed of 1 cm/s. Its motion is
characterized by the dimensionless groups listed in
Table 6. For both RC and its natural counterpart, the
dominant propulsive force is the curvature force generated
by deforming the free surface.

6 Concluding remarks

We have enumerated the fundamental principles to be
considered in the design of water-walking devices. More-

over, we have applied these principles in the design and
construction of biomimetic mechanisms capable of rowing,
leaping and meniscus climbing. We first required that our
devices be sufficiently light to be supported by surface
tension. This constraint was satisfied through a judicious
choice of thin lightweight metals and composites. Second,
we required our devices, with the exception of our
mechanical meniscus climber, to be non-wetting. Our de-
vices were made non-wetting by constructing or coating
them with hydrophobic material. We also required that our
devices not penetrate the surface during their driving
stroke. The peak speeds and applied forces were con-
strained accordingly.

Much remains to be learned from water-walking
arthropods. Though descended from terrestrial insects
(Andersen 1982), they have since evolved several key
adaptations for survival on the water surface, the most
important being their water-repellency. Given the risk of
entrapment by the interface, maintenance of their hydro-
phobicity is critical to their survival. For our mechanical
water walkers, water repellency was provided by a
hydrophobic coating on their legs. For water-walkers,
water repellency is provided by a complex carpet of hairs;
the nature of the dynamic interaction between this hair
layer and the free surface is considered by Bush et al.
(2007). Advances in the design and construction of water-
walking devices will rely on the use of roughened hydro-
phobic surfaces reminiscent of insect integument, that will

Table 5 Physical parameters describing the geometry and dynamics of the mechanical climber (RC) and its natural counterpart, Pyrrhalta

Body width Body length Body thickness Body weight Body speed Contraction Body perimeter
w (cm) L (cm) t (cm) Mg (dyn) U (cm/s) frequency f (1/s) P (cm)

Beetle larva 0.3 0.6 0.3 25 10 0.3 2

RC 0.1 35 0.1 500 1 0.6

Fig. 8 Oblique views of the
mechanical meniscus climber.
The ascent takes roughly 1.5 s
and begins when Roboclimber
arches its back at r = 0.3 s. The
deformation of the free surface
due to the arching is reflected in
the alteration of the underlying
shadow. Scale bars 1 cm
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Table 6 Dimensionless groups characterizing the geometry and dynamics of the mechanical climber (RC) and its natural counterpart

Body aspect Reynolds Bond Weber , Strouhal Baudoin
ratio 2 =¥ Re =1 Bo = £~ Wez@ St=wfU Ba:%
Beetle larva 0.5 300 0.4 0.01 0.3
RC 0.4 100 22 0.02 0.8 0.9

substantially alter the nature of the interaction between the
device and the free surface.

The greatest difficulty in building a reliable water-
walker is preventing it from breaking the free surface
during its driving stroke. The designers of micromechani-
cal walkers, swimmers and fliers have emphasized that a
control system is the way most creatures tune themselves to
their environments (Dickinson et al. 2000). In the case of
water-walkers, a control system could be implemented to
measure the force applied by the leg to the free surface.
Another means of preventing the leg from penetrating the
free surface would be to increase its flexibility. Recent
work on compliant bodies, such as by Alben et al. 2002,
may shed light on this issue.

While the precarious nature of water-walking devices
raises questions as to their practicality on the open ocean,
they may yet find application in laboratory settings.
Enabling water-walkers to be independent, remote-
controlled devices is a step recently taken by Suhr et al.
(2005) and Basso et al. (2005), who have built the next
generation of water-walkers to be directed by wireless re-
mote controllers and powered by solar energy. It should
also be possible to design a water-walker that can change
its wetting properties on command using recent advances
in smart microfluidics (e.g. Darhuber and Troian 2005).
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