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Abstract
Motivated by practical applications of inspection and maintenance, we have developed a wall-climbing robot with
passive compliant mechanisms that can autonomously adapt to curved surfaces. At first, this paper presents two
failure modes of the traditional wall-climbing robot on the variable curvature wall surface and further introduces
the designed passive compliant wall-climbing robot in detail. Then, the motion mechanism of the passive compliant
wall-climbing robot on the curved surface is analyzed from stable adsorption conditions, parameter design process,
and force analysis. At last, a series of experiments have been carried out on load capability and curved surface
adaptability based on a developed principle prototype. The experimental results indicated that the wall-climbing
robot with passive compliant mechanisms can effectively promote both adsorption stability and adaptability to
variable curvatures.

1. Introduction
With the continuous breakthrough of human engineering ability, there have been appeared a large num-
ber scenarios of inspection and maintenance, which are high-risk and high-intensity, in the nuclear
industry, transportation, shipbuilding, and other industries. The wall-climbing robot was proposed as
a novel emerging technology that would release humans from cleaning [1], nondestructive testing [2],
painting [3], and maintenance [4] in vertical wall environments that are difficult for people to work.

In 1966, Akiri developed the first wall-climbing robot using vacuum suction to move on verti-
cal walls [5, 6]. After that, more and more research institutions, including Boston Power [7] and
Zurich Technology [8], have researched wall-climbing robots. Many adsorption technologies have been
explored: vacuum suction [9, 10], magnetic attraction [11], and bionic adsorption [12, 16], and each
technology has advantages and disadvantages. Vacuum suction is the closest to the application require-
ments due to its simple structure, easy control, and ability to adapt to different types of material surfaces.
Currently, wall-climbing robots have realized stable adsorption and operation on vertical flats. Yuan et al.
[13, 14] proposed a rolling sealed wall-climbing robot, which realized stable adsorption and all-around
flexible motion on vertical surfaces by changing the seal skirt’s friction from sliding friction to rolling
friction. Daniel et al. [15] have designed a new wall-climbing robot whose vacuum adsorption system
was composed of seven small controllable vacuum adsorption chambers, which can effectively prevent
the robot from slipping or falling due to partial vacuum leakage and realize the robot’s security and
speedy movement on rough surfaces.

However, wall-climbing robots’ adaptability and stability on variable curvature wall surfaces are
remaining challenges. It is very difficult for the wall-climbing robot to have mobility on different wall

C© The Author(s), 2024. Published by Cambridge University Press.

https://doi.org/10.1017/S026357472300173X Published online by Cambridge University Press

https://doi.org/10.1017/S026357472300173X
https://orcid.org/0009-0004-3892-8792
mailto:songyifeng@sia.cn
https://doi.org/10.1017/S026357472300173X


Robotica 963

surfaces, such as tank, propeller, and shell surfaces. Wang et al. [17] have designed a double frame mech-
anism, which has the relative rotation and mutual sliding functions of each frame layer, that can achieve
self-adaptation on walls with asymmetrical changes in curvature. Guan et al. [18] have designed a 5-
DoF biped wall-climbing robot with six vacuum suctions. The robot can implement transition between
walls and stable adaptation to curvature wall surface changes. Fujita et al. [19] have created an active
rotating mechanism containing a tilting mechanism, which enables smooth robot movement on cur-
vature walls through the orderly rotation of the mechanism in conjunction with a vacuum air cushion.
Those active adjusting mechanisms improve the wall-climbing robot’s adaptability to variable curvature
wall surfaces. However, the added active adjustment mechanisms lead to complexity in the wall-
climbing robot’s mechanical and control systems and reduce the robot’s load capacity and movement
speed.

Alternatively, the passive compliance mechanism has features over the active adjusting mechanism for
wall-climbing robots. Many researchers have studied this mechanism for wall-climbing and developed
prototypes. Shang et al. [20] designed an adsorption device with a rotating mechanism with three-point
non-collinear support. Through the force change between the vacuum sucker and the wall, the rotat-
ing mechanism rotates independently to realize the adaptation of variable curvature wall surfaces. A
compliant mechanism containing an asymmetric four-bar mechanism was created [21]. It achieves self-
adaptation to walls of variable curvatures through the rotation of a trapezoidal four-bar mechanism and
the deformation of the flexure mechanism. The deformation of passive compliant mechanisms is uncon-
trollable, which increases the mechanical system’s instability and decreases the adsorption stability and
load capacity of wall-climbing robots.

Passive compliant mechanisms has not been better used in conventional wall-climbing robots, and
its mobility has not been fully explored and demonstrated. Based on the above analysis of the wall-
climbing robot’s mechanism and an in-depth study of the passive compliance mechanism, we designed
a novel passive compliant wall-climbing robot with better mobility, simpler structure, and easier control
than traditional wall-climbing robots. As will be known in the following sections, the robot has good
climbing ability, variable curvature adaptability, and load capacity.

The rest of this paper is organized as follows. Section 2 describes the wall-climbing robot facing
current challenges and main failure modes of lack of adaptability and passive compliant wall-climbing
robot’s structural design and surface adaptation process. Section 3 elaborates on the state analysis of
the passive compliant wall-climbing robot on the curved surface based on the three aspects of stable
adsorption conditions, parameter design process, and force analysis. Section 4 describes the prototype
and related experiments of the passive compliant wall-climbing robot. Section 5 provides conclusions
of the current work.

2. Passive compliant mechanism design for the curved surface climbing
2.1. Challenges of curved surface adsorption
In the typical design, the wall-climbing robot is composed of a sealing component, a mobile module, a
suction chamber, a negative pressure generator, and a control module. As shown in Fig. 1(a), while the
robot is working on a flat surface, the sealing component is tightly attached to the wall surface and a
negative pressure environment can be created by the negative pressure generator in the suction chamber.
The mobile module is designed to match the sealing component, which means both of them can be
attached to the wall simultaneously.

The sealing components are made of sponge-like materials and have excellent elasticity. Through the
elastic deformation of the sealing component, the robot can maintain the sealing state of the suction
chamber on a slightly curved surface, and on the other hand, the moving module keeps attaching to the
surface to make the robot’s locomotion, as shown in Fig. 1(b).

The state of a traditional wall-climbing robot with an integrated rigid body structure design on a
curved surface will be discussed separately based on convex and concave surfaces.
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Figure 1. (a) The wall adsorption process of the traditional wall-climbing robot. (b) The schematic
diagram of the traditional wall-climbing robot mechanism.

For the concave surface, the sealing components of the traditional wall-climbing robot adhere to the
concave surface and the negative pressure environment can be formed in the suction chamber. However,
the mobile module cannot fit with the wall surface due to the influence of the curved surface, as shown
in Fig. 2(a). It means that although the robot can adhere to the surface, it cannot move on the surface
due to the failure of the mobile module.

For the convex surface, the mobile module of the traditional wall-climbing robot adheres to the sur-
face. However, the sealing component cannot adhere to the wall surface, which results in the leakage
state of the suction chamber. As shown in Fig. 2(b), due to the leakage, the robot will not be able to
adsorb on the surface and fall off the wall.

Therefore, the challenge of robot design on curved surfaces is to adjust the position relationship
between the sealing component and the mobile module properly and maintain adsorption and mobility
capability simultaneously. Compared to adding active mechanisms to adjust the position relationship
aforementioned, a passive mechanism adjustment based on the environmental features of curved surfaces
will improve the simplicity, reliability, and practicality of the wall-climbing robot system.

It should be noted although robots can adsorb on curved surfaces by extending the height of the
sealing component, this method only applies to low-curvature walls rather than high-curvature surfaces.
This is because excessively extending the sealing component will not only greatly increase the frictional
resistance during the robot’s movement as shown in Fig. 3(a) but also cause the leakage on the side of
the suction chamber as shown in Fig. 3(b).

2.2. Mechanism design
As the sealing components and the drive modules of the traditional wall-climbing robots are both rigidly
connected to the frame, such robots cannot always keep their drive wheels well fitted to the wall surface,
which has variable and large curvature.

In this paper, we present a novel wall-climbing robot with a compliant adjusting module to adjust
the position between the mobile modules and sealing components to solve the movement failure and
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Figure 2. (a) Movement failure caused by interference of the traditional wall-climbing. (b) Adsorption
failure caused by leakage of the traditional wall-climbing robot mechanism.

Figure 3. (a) Movement failure: the excessive compression of the sealing component on the concave
surface leads to increased resistance, which could cause movement failure. (b) Adsorption failure:
the extension of the sealing component will reduce the stiffness of the component and cause lateral
deformation, which could cause leakage or even adsorption failure.

adsorption failure on curved surfaces. Figure 4 illustrates the way that the robot adapts to various curva-
ture wall surfaces by using the compliant module in different deformation states. In Fig. 4(a), the sealing
component is in a limited compression state on a flat wall surface. The compliant adjusting module’s
compression deformation state is half-compressed. When the curvature of the wall surface increases [see
Fig. 4(b)], the compliant adjusting module will be deformed to varying degrees to adapt to the change
of wall curvature and ensure that the sealing component can contact the wall to prevent the leakage of
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Figure 4. (a) The wall-climb robot moves on the flat wall surface. (b) The wall-climb robot moves on
the wall surface with large curvature.

Figure 5. Mechanical design of the passive compliant wall-climbing robot. (a) Mechanical configura-
tion of passive compliant wall-climbing robot. (b) Vacuum suction and compliant adjusting module. (c)
Track mobile module. (d) Sealing component.

negative pressure. On the other hand, the adsorption force increases with the pressure difference between
the inside and outside of the suction chamber increases.

As the compliant adjusting module is gradually compressed, the mobile module installed on the
upper half suction chamber moves to the wall surface until the track of the mobile module can fully
contact with the wall surface. As a result, during the moving process, the compliant mechanisms make
the limited vacuum adsorption force on the track, providing enough traction for the robot’s movement.

The mechanical design of the wall-climbing robot with a passive compliant mechanism has been
carried out in detail to achieve stable adsorption and smooth movement on the unstructured walls of
variable curvature.

As shown in Fig. 5(a), the robot is mainly composed of a sealing component, two track mobile mod-
ules, a compliant adjusting module, a suction chamber, a power module, a vacuum source module, and
control system. The suction chamber of the robot is comprised of an upper half and a lower half suction
chamber, and four evenly distributed compliant adjusting modules, which connect the upper and lower
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Figure 6. Geometric relationship during stable adsorption of the robot.

suction chamber [see Fig. 5(b)]. Each compliant adjusting module includes a spring and guiding axis.
The spring compliant adjusting module can be deformed to make the sealing component adhere to the
wall when the robot is moving on curved wall surfaces. The track mobile module and vacuum source
module are installed in the upper half suction chamber. As illustrated in Fig. 5(c), the track mobile
module consists of a passive adjusting mechanism, track motor, and track mechanism. The sealing com-
ponent is made of wear-resistant cloth and high-elastic materials and is installed under the lower half
suction chamber. The shape of the sealing component is designed to adapt to the sphere surface as shown
in Fig. 5(d) to prevent air pressure leakage during the robot’s movement on the wall surface.

3. State analysis of the passive compliant wall-climbing robot on a curved surface
3.1. Stable adsorption conditions
The structural parameters of the passive compliant mechanism have a great influence on the robot’s
adaptability to the variable curvature surfaces. For the structural parameters of the passive compliant
mechanism, this section analyzes the stable adsorption conditions of the passive compliant wall-
climbing robot on the variable curvature wall. As shown in Fig. 6, according to the geometric relationship
that the robot needs to satisfy on the variable curvature wall, the position closed-loop equation of the
robot’s stable adsorption state on the variable curvature wall can be obtained√(

1

K

)2

− w2
2 + hm + hea =

√(
1

K

)2

− w1
2 + ha − �δ + hb + hs − �ε (1)

where 2w1 is the width of the suction chamber, 2w2 is the width between the two mobile tracks, ha is
the height of the compliant adjusting module, hb is the basic height of the suction chamber, hea is the
distance that compliant adjusting module higher than the suction chamber, hm is the higher off the track,
hs is the height of the compliant sealing component, �δ is the elastic deformation of the compliant
adjusting module, and �ε is the elastic deformation of the compliant sealing component. In the design
process, those parameters were determined on whether the robot can successfully adhere to the series
of surfaces with curvature variations.

In Fig. 7, Ai(i = 1, 2, 3, 4) is the contact point between the passive compliant sealing component and
the wall surface in the initial state, and Bi(i = 1, 2, 3, 4) is the contact point between the outermost part
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Figure 7. The minimum deformation of the sealing component on the spherical surface.

of the passive compliant sealing mechanism and the wall surface while the robot is stably adsorbed.
Si(i = 1, 2, 3, 4) is the projection of the gap area between the suction chamber and the wall surface in the
initial state.

As shown in Fig. 7, the passive compliant sealing mechanism’s primary function is to realize the
robot’s conversion from Ai → Bi adsorption through its passive, compliant compression deformation.
This process can effectively reduce the leakage of negative pressure and provide sufficient and stable
adsorption force by eliminating the gap Si between the robot and the surface to realize the robot’s self-
adaptation to the wall. So in order to ensure that the passive compliant adjustment mechanism can
complete the transformation of the robot from Ai → Bi adsorption state, realize the adaptation of the
passive compliant sealing mechanism to the wall surface, and ensure the stability of negative pressure
adsorption, the maximum deformation �εmax of the sealing component needs to meet the following
condition:

�εmax ≥ �hAB =
√(

1

K

)2

− w2
1 −

√(
1

K

)2

− 2w2
1 (2)

According to equation (2), the compression �hAB of the passive compliant sealing mechanism
decreases with the decrease of the wall curvature K, and when �hAB = �εmax, the critical curvature
K of the surface that the robot can adapt to is the maximum curvature K1.

In summary, the prerequisites for stable adsorption of wall-climbing robots are⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩
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− 2w2
1

(3)

3.2. Mechanical parameter design process
As mentioned in Section 2.1, there could be an adsorption failure due to lateral instability of the sealing
component only by extending the height of the sealing component to improve the robot’s curved surface
adaptation. In this case, the passive compliant adjustment mechanism is introduced to vanish the lateral
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instability of the sealing component and realize the self-adaptation of the moving mechanism to the
wall surface for the robot. When the robot adheres to a curved surface, the deformation of the sealing
component and compliant mechanism meets the following equation:

ha − �δ =
√(

1

K

)2

− w2
2 −

√(
1

K

)2

− w1
2 + hm + hea − hb − hs + �ε (4)

According to equation (4), after the structural parameters of the wall-climbing robot are determined,
the working length ha and the maximum compression deformation �δmax of the passive adjustment
mechanism determine the curvature range of the wall that the wall-climbing robot can adapt. While the
passive adjustment mechanism’s compression amount �δ = 0, the wall curvature K2 is the maximum
curvature that can be adapted by the robot. While the compression amount of the passive adjustment
mechanism �δ = aha, the wall curvature K3 is the minimum curvature that can be adapted.

When the curvature of the wall surfaces is K = K2 :{
�δ = �δmin = 0

�ε = �εmax

(5)

When the curvature of the wall surfaces is K = K3 :{
�δ = �δmax = aha

�ε = �hAB

(6)

According to equations (2), (4), (5), (6), can be obtained :{
cos θ1 = K2w2, cos θ2 = K2w1

cos α1 = K3w2, cos α2 = K3w1

(7)

K2 and K3 can be expressed as :⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

K2 = sin θ1 − sin θ2

ha + (1 − b) hs + hb − hea − hm

K3 = sin α1 − sin α2

(1 − a) ha + hb + hs − hea − hm − �hAB

(8)

From equations (4), (8), it can be obtained that :
sin θ1 − sin θ2

K2

− sin α1 − sin α2

K3

= aha − bhs + �hAB (9)

According to equations (8), (9), increasing the ha and �δmax will help improve the surface’s adapt-
ability. More importantly, reducing the hs and �εmax is beneficial to improve the adsorption stability
and does not affect the robot’s adaptability to the curved surface. In the robot system, the passive com-
pliant sealing machine is mainly used for sealing between the contact surfaces. The passive compliant
adjustment mechanism completes the adaptive adjustment of the robot’s moving mechanism to the wall
surface. Moreover, the range of curvature that the robot can adapt to the wall is determined by the �δmax.
More attention is paid to that the given [Kmin, Kmax] can be satisfied by multiple sets of hm and hb. Figure 8
shows the detailed calculation steps of the compliant mechanism parameters, which are done iteratively
based on the position closed-loop equation and force equilibrium equation.

3.3. Force analysis
In the process of movement, the friction force generated by the adsorption force acting on the passive
compliant sealing component is the resistance against the robot’s movement, while the friction force
generated by the adsorption force acting on the moving mechanism is the traction force. Therefore, the
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Figure 8. Structural parameter optimization of the passive compliant wall-climbing robot.

Figure 9. Force analysis of robot adsorbed on curved surface.

proportion of the adsorption force acting on the passive compliant sealing mechanism and the moving
mechanism directly affects the wall-climbing robot’s adsorption stability, dynamic performance, and
load capacity. As shown in Fig. 9, the state overturning or slipping is selected as a severe working
condition, and the robot’s force when doing a straight line is analyzed.

The coordinate P − xy system is established with the projection P of the geometric center of the robot
on the wall as the origin, the forward direction of the robot as the x axis, and the direction perpendicular
to the forward direction of the robot as the y axis. It obtained the force equilibrium equations of the
wall-climbing robot. ⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

�Fx = FL + FR − Fsfx − G sin α cos θ = 0

�Fy = G sin α sin θ − Fsfy = 0

�Fz = FN1 + FN2 + FN0 + G cos α − FP = 0

�Mx = −FN1w2 + FN2w2 − GhG sin α = 0

(10)

where hG is the distance between center of gravity of the robot and the contact surface of the wheel. The
adsorption force ratio on the passive compliant sealing mechanism is ks.{

fsfx = μ1FN0

FN0 = ksFP = �hABE
(11)
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Figure 10. Principle prototype.

When the robot is doing uniform motion, it is assumed there is no slip in the lateral direction, and
the traction force provided by the left and right tracks is the same.⎧⎪⎪⎨

⎪⎪⎩
FN1 = 1 − ks

2
FP + GhG sin α

4w2

FN2 = 1 − ks

2
FP − GhG sin α

4w2

(12)

We can obtain the following equation by coulomb friction:{
FR = μ2FN1

FL = μ2FN2

(13)

where μ2 is the static friction coefficient between the surface and the track. Through adding the passive
compliant adjustment mechanism, the deformation �hAB of the passive compliance sealing component
decreases, so that FN0 decreases, thereby reducing the friction resistance fsfx and improving the adsorption
stability. At the same time, the decrease of FN0 means the decrease of ks, so the positive pressure FN1

and FN2 increase. It can be seen from the above that reducing fsfx and increasing positive pressure FN1

and FN2 can increase the traction FR and FL and improve the dynamic performance and load capacity of
the robot.

4. Experiments
4.1. Principle prototype
Based on the above analysis, the robot with passive compliant and negative pressure is developed, as
shown in Fig. 10. The robot is equipped with a centrifugal fan to generate the negative pressure adsorp-
tion force. A layer of sealing component in the adsorption chamber ensures the gas tightness of the
suction chamber. The passive compliant adjusting mechanism includes four guiding shafts and four
springs distributed around the suction chamber, which are used to connect the upper and lower suction
chambers. By changing the height and spring stiffness of the passive compliant mechanism, the adaptive
range of the robot to the curved surface is changed. The track mobile mechanism is driven by T-type
synchronous belts, and the surface of the synchronous belt is coated with 20 mm thick rubber to increase
the friction coefficient between the track and the wall. The relevant parameters of the passive compliant
wall-climbing robot are shown in Table I.
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Table I. The parameters of the principle prototype.

Program Dimension (mm)
Size of vacuum suction chamber (2w1 × 2w1) 300 × 300
Height of the compliant adjusting module (ha) 110
Elastic deformation of the compliant adjusting module (�δmax) 70
Height of compliant sealing component (hs) 40
Elastic deformation of the compliant sealing component (�εmax) 20
Height of track module (hm) 50

Figure 11. Adsorption capacity comparison with traditional wall-climbing robot. (a) Flat surface. (b)
Cylinder surface.

The principle prototype is placed in the natural environment of a plane, cylinder, and sphere,
respectively, for load capacity and variable curvature wall adaptive motion test research.

4.2. Adsorption capacity test
Test A: To verify the adaptability of the prototype to the curved surfaces, two sets of comparative
experiments were carried out between the robot with and without the compliant adjusting module.

The first set of adsorption experiments was carried out on flat and cylinder surfaces with the developed
robot with the compliant adjusting module, as shown in Fig. 11(a). The negative pressure state was
measured by a manometer inserted into the adsorption chamber while the robot was in a stable adsorption
state. The pressure in the negative chamber is 2.22 kpa on a flat surface and 1.5 kpa on a curved surface
with a 600 mm curvature radius. It can be observed that the robot maintained stable adsorption on the
cylindrical surface, despite the decrease of the negative pressure over 30%. The decrease in negative
pressure is caused by the reduction of the effective sealing area of the sealing skirt due to the influence
of the curved surface.

In the other set of adsorption experiments, we fixed the upper and lower suction chambers of the
robot to disable the compliant adjusting module and kept the sealing component and the track mobile
module in the same plane, which makes the robot with the traditional wall-climbing robot mechanism
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Figure 12. (a) The adsorption experiments of the robot on the plane, cylindrical surface, and spherical
surface. (b) The load experiment of the robot on the plane and cylindrical surface.

Figure 13. Motion and obstacle crossing experiments of the robot on a vertical flat wall.

as shown in Fig. 1. The experiments were also carried out on both the flat and cylindrical surfaces.
The pressure in the negative chamber is 2.2 kpa for a flat surface, which is nearly the same as with the
compliant adjusting module. In contrast, the sealing component could not fit the cylindrical surface due
to the absence of the compliant adjusting module, and adsorption failure caused by leakage as shown in
Fig. 11(b) has occurred.

Test B: The adsorption experiments of plane, cylinder, and sphere were carried out, as shown in
Fig. 12(a); the robot can adsorb on the plane, cylinder, and sphere walls at any position and posture
which shows good surface adaptability. Moreover, the deformation of the passive compliant module is
larger than the sealing component, which means the robot mainly adapts to curved surfaces through the
compliant mechanisms rather than the sealing component.

As shown in Fig. 12(b), the load capacity of the robot under different curvature walls is tested. The
robot can suffer a 7.5 kg load without slipping in the plane, and cylinder walls. As the load increases
to 9 kg, there is a slight slipping of the robot on the plane or cylinder surface, and the robot is difficult
to adsorption stably. Under the same load, the robot has experienced adsorption failure on the spherical
surface and has detached from the wall surface.

4.3. Motion testing
The prototype is placed in a variable curvature wall environment to test the adaptability of various
motion modes. The test results are as follows.

Test A: As mentioned in Section 4.2, when the robot is adsorbed on the plane motion, the adsorption
state is nearly the same as the robot without the compliant adjusting module and the pressure in the
negative chamber is about 2.2 kpa. At this time, the robot can cross obstacles with a height of 2 mm, as
shown in Fig. 13.

Test B: The sealing component is first compressed to maximum when the robot moves longitudinally
on the cylindrical surface. The passive compliant mechanism compresses to varying degrees according
to the change of wall curvature, ensuring effective contact between the track and the wall surface and
realizing the robot’s adaptation to the wall surface. The robot is able to move across the groove on the
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Figure 14. Motion and groove crossing experiments of the robot on a cylinder wall.

Figure 15. (a) Linear motion experiments of the robot at the bottom of a spherical surface. (b) Steering
motion experiments of the robot at the bottom of a spherical surface.

cylindrical surface, and there is no significant slipping or adsorption failure occurring in the process, as
shown in Fig. 14.

Test C: When the robot is adsorbed on the spherical surface, the sealing component wraps the wall
surface to realize the sealing between the contact surfaces. The passive compliant mechanism will
undergo a certain degree of compression deformation. As shown in Fig. 15(a), the robot moves for-
ward in a straight line when the left and right tracks are given the same speed. The left and right tracks
do not slip during the forward process, and the moving direction angle hardly changes.

Test D: In-situ turning test of the robot on a spherical surface. As shown in Fig. 15(b), during the
steering process, as the angle increases, the track slips, and its maximum steering angle is related to the
radius of the spherical surface.

Test E: The robot carries a 3.9 kg polishing tool and performs a simulated surface polishing test on
the plane. In the operation process, the robot can freely realize acceleration and deceleration movement,
which can meet the grinding needs while moving, as shown in Fig. 16.

4.4. Comparison of robot performance parameters
As shown in Table II, we selected five different locomotion model wall-climbing robots for performance
parameter comparison. It can be found that the passive compliant wall-climbing robot is advantageous
in the minimum adaptive radius of curvature than other robots. The wall-climbing robot in this study
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Table II. Performance parameter comparison.

Speed
1

K
Load Weight Load

WeightProgram Locomotion (m/min) (mm) (N) (kg)
Our robot Track 5 600 75 3 25
Traveling-wave-type [22] Traveling wave �∗ 900 48 (unit)∗∗ 1 (unit) 48
LARVA-II [23] Wheel ©= ≈ 3000 100 3.2 31.3
URARAKA IV [24] Leg � � � 3.3 �
Bi2Copter [25] Propeller � ≈ 2000 23 2.5 9.2
LSBU [20] Feet 0.6 ©= 180 20 9
∗The data represented by ⊕ � ©= in the table are not provided. Through our evaluation, we use ⊕ to denote performance above
our robot, � to denote performance below our robot, and ©= to denote performance similar to our robot.∗∗Ten units are required for the normal operation of the robot, and only the weight and load of one unit are provided in this
paper.

Figure 16. The polishing and grinding operation experiments of the robot with the toolbox.

with track structure has a good performance on locomotion, compared with other structures such as foot,
propeller, and leg type.

In summary, it can be seen from the experimental and comparative results that the negative pres-
sure adsorption passive compliant wall-climbing robot proposed in this paper can take into account the
adsorption stability and variable curvature adaptability of the robot in a variable curvature environment.
By using the force change of the compliant mechanism to passively adapt to the change of the wall
surface, the robot can move stably on the variable curvature wall surface with any position and posture.

5. Conclusion and future work
In this paper, a novel wall-climbing robot with passive compliant mechanisms is designed. Compared
with the typical wall-climbing robot, a passive compliant mechanism is introduced to passively adjust
the position relationship between the sealing component and the mobile module, which helps the robot
to be adsorbed on curved surfaces stably and move smoothly. The motion mechanism has been analyzed
from stable adsorption conditions, parameter design process, and force analysis. A series of experiments
have been carried out on load capability and curved surface adaptability based on the developed princi-
ple prototype. It has been demonstrated that the robot with passive compliant mechanisms has a good
performance on adsorption stability and variable curvature adaptability.

In the future, our work is mainly toward autonomous adjustment of robot adsorption force on curved
surfaces, mechanical design, and analysis of wall-climbing robots for intersection surfaces and other
complex wall surfaces. At the same time, we would apply the developed robots to practical scenarios
such as infrastructure inspection and maintenance.
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