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Abstract - The motion function and control of amphibious
robots is a hot topic at present. The multi-function of robot is the
development trend of robot. In this paper, based on the existing
prototype bionic robot in the laboratory, the structure of the
robot's mechanical leg is updated, and the underwater grasping
function is successfully added. The new mechanical leg integrates
a mechanical claw device, which makes use of the geometric
characteristics of the parallelogram to shrink the mechanical
claw, maximizes the use of the limited space below the robot, and
greatly extends the effective length of the grasping end of the
mechanical claw. At the same time, through static stress analysis
and motion simulation, the designed structure was evaluated and
analyzed, and the appropriate servo specifications and structure
size were obtained, which verified that the current designed
structure can complete the grasping task of 3kg objects. Finally,
3D printing technology was used to complete the production of
the first version of the new mechanical leg, and the functional
verification experiment of grasping objects of two different sizes
was completed by using the steering gear control.

Index Terms — integration, mechanical gripper, contractible,
simulated analysis, functional verification experiment

I. INTRODUCTION

Influenced by amphibians in nature, researchers have
gradually shifted the research direction of robots to the design
and manufacture of bionic amphibious robots inspired by
amphibian biological structures [1]. The amphibious concept
of amphibious robots is generally considered to be in both land
and underwater environments, including coastal and swampy
environments. Robots that are capable of accomplishing
related tasks in amphibious environments using a mixture of
multiple sensors [2] are considered of great practical
significance, such as ocean exploration, search and rescue,
Marine environmental protection, military reconnaissance, etc.
[3]. About the development direction of amphibious robot,
there are roughly the following bionic objects: crab, snake,
turtle, shrimp, lizard, frog, crocodile, etc. [4]. Meanwhile, the
current development of amphibious robots only considers the
motion strategy and control of existing robots in the land and
underwater environment [5-7], controls the cooperative
operation and formation of multiple robots [8-11], and seeks
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more ways to communicate among multiple robots [12,13]. Or
consider using different materials to build robots [14,15].

Fig. 1 shows some bionic prototypes and related robots
[16,17]. In October 2022, the adaptive bionic turtle developed
by the Yale University team was the most effective
amphibious robot achievement recently [17], and the poster of
its research results became the cover of Nature magazine.
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Fig. 1 The bionic prototype and the associated robot: (a) The frog robot [16];
(b) The turtle robot [17]

In addition to general mobility, locomotion capabilities,
some other operational capabilities are expected to be added to
the robot. In the underwater environment, grasping objects is a
very common application scenario. However, in the current
development of underwater manipulators, the structure of the
manipulator is often large in overall volume. A manipulator
simulating a human arm is used as the completion of the
grasping task, and at the same time, the corresponding camera
and spotlight are equipped to assist the grasping task [18]. In
addition, salvage robots with grasping functions often need to
first reach the destination with the robotic arm carried by the
underwater vehicle, and then carry out the grasping operation,
which undoubtedly greatly increases the volume of the whole
robot [19-21], as shown in Fig. 2. Or a smaller manipulator is
designed, but it is not integrated with the robot, and only
realizes the grasping task of a single manipulator [22,23].

Fig. 2 Robotic arms for some underwater operations: (a) The underwater
mobile manipulation [19]; (b) A soft manipulator [20]; (c) The underwater
salvage robot [21]



Therefore, in view of the above development of the
current amphibious bionic robot and underwater manipulator,
based on the spherical amphibious robot developed by our
team, this paper updates the design of the latest generation of
thruster, and proposes a multifunctional mechanical leg,
thruster and mechanical claw composite structure, and adds the
contractile mechanical claw structure.

II. DESIGN OF A NOVEL CLAMPING MECHANISM

A. The Prototype of Novel Clamping Mechanism

First of all, the mechanical structure proposed in this
design is based on the original mechanical leg structure, and
the original mechanical leg is modified and extended to the
mechanical claw structure. Fig. 3 is the comparison between
the new structure designed in this paper and the original
structure. The original mechanical structure of the robot is
shown in Fig. 3(a), which adopts a three-joint and three-link
mechanical leg structure corresponding to the "hip bone",
“Femur” and “Tibia”. Among them, the thrusters part is fixed
on the “Tibia” linkage and has 3 degrees of freedom, which is
used to complete the land crawling and the water propulsion.
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Fig. 3 The comparison of the novel structure and the original structure: (a)
The original structure; (b) The novel structure

‘Water-jet thruster

In the contraction process of the mechanical leg, it can be
found that its shape is like a claw, so the leg structure is
considered to expand and extend, and the claw structure is
added. The “Femur” link and the “Tibia” link of the original
mechanical leg structure were connected and fixed, which was
defined as the new “Femur” link, and the position of the
thruster was fixed on the new “Femur” link, reducing 1 degree
of freedom. At the same time, the claw structure to be added is
connected with the original "shin" joint, so the claw has 3
degrees of freedom, and the schematic diagram of the single-
leg design and assembly complete robot is shown in Fig. 4 and
Fig. 5.

B.  The Novel Clamping Mechanism structure principle

To grasp an object under the robot body, a mechanical
claw of a certain length is needed. However, considering the
length of the leg structure and the size of the robot body, it is
not enough to directly add a mechanical claw to the servo of
the "shin" joint. Therefore, a mechanical claw containing a
contraction structure is proposed in this paper, so that the
original maximum flexible length of about 11cm is extended to
about 17cm. Fig. 6 is a schematic diagram of the mechanical

claw when it is open, and the four links involved in the
mechanical claw are set as L, L,~ L;. L, in this paper.

Compared with the original mechanical leg structure, the
design can be divided into two parts: a. Principle of
contraction; b. Principle of clamping.

Isometric view

Top view
Fig. 4 Different views of the novel mechanical leg design

Top view Isometric view
Fig. 5 Different views of novel robot

Fig. 6 The novel clawing mechanism (open state)



a. Principle of contraction

The contraction structure consists of two parts. The
contraction structure mainly uses the easy deformation
characteristics of the parallelogram. For the contraction
process, this paper gives a simplified figure of the structure in
Fig. 7. In the figure, one part is the improvement of the
original “Femur” link, namely Ls . In this design, the original
structure is replaced by a slider and slider structure. The
endpoint e of L, can slide on the slider Ls. Point f is the
schematic point of the steering shaft. When the servo drives,
the L, link rotates clockwise, because the length of ed is

fixed, but the endpoint d is away from Ls, so the endpoint e
moves from top to bottom on L. At this time, L, rotates
counterclockwise around point d , and the Angle f between
L. L, increases continuously. In order to maintain the
characteristics of the parallelogram, the four sides of the
parallelogram abcd rotate, driving the corresponding linkage
structure to move, and L, is opened.
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Fig. 7 The simplified structure of mechanical claw: (a) Contraction state; (b)
Open state

b. Principle of clamping

In the actual clamping, considering the balance control of
the robot itself, this paper proposes a pair of opposite
mechanical legs to complete the clamping task, and another
pair of mechanical legs is used to realize the mobile function
after completing the clamping task. The closing state of the
mechanical legs during clamping is shown in Fig. 8.

Among them, the mechanical claw part in addition to the
contraction structure, the end of the mechanical claw uses a
similar form of "three fingers", in the middle of the "finger"
selected a certain width of the plate structure, while
considering the relative mechanical claw in the grip of the
"finger" interleaving, the middle "finger" position is set in the
middle on both sides of the place.

In addition, this design considers adding a removable
baffle on the L; link, which is used for the double clamp on
both sides of the clamp. The baffle above a certain width

avoids the escape of the object from above. The design of this
baffle can be personalized for the object to be clamped.

1937

Fig. 8 The schematic of the clamping

III. SIMULATION ANALYSIS

For the proposed new structure and the addition of new
functions, it is often necessary to carry out some simulation
experiments [24-26], verify and optimize some common
parameters, so as to improve the structure. Firstly, due to the
different stress conditions of each part of the structure when
the mechanical claw grasps, the static stress analysis of the
structure is considered in this paper to facilitate the structural
optimization design of the region with large stress. At the same
time, the displacement analysis of the selected material after
the stress is carried out, so as to make the optimal choice of the
material. Secondly, considering that the servo at the joint
position is required to provide torque to ensure the stability of
the clamp, a simple kinematic simulation of the structure will
be carried out in this paper, so as to determine the torque
required by the servo to determine the specification of the
servo. In addition, the morphology of the whole robot will
change after the mechanical claw completes the grasping task
underwater.  Considering the possible influence of
morphological changes on the ability of the robot to move in
water, further underwater mobility experiments are carried out
in this paper.

Regarding the use of Simulation software, the structure is
designed wusing SOLIDWORKS 2022, and its related
simulation plug-in simulation can provide relevant static stress
analysis module and kinematic simulation motion module.
These plug-ins can realize the structure simulation
requirements of this paper and have a high integration degree
with SOLIDWORKS 2022 design software, which is
convenient for the operation of the example.

A. Static stress analysis
The static stress analysis of the structure can be divided
into two parts: a. Connecting rod part; b. Slider part.

a. Static stress analysis of connecting rod

This structure plans to grasp an object with a maximum of
3 kg underwater. Considering buoyancy and force Angle and
margin, this simulation experiment gives a force of 8N to each
of the two vertical contact surfaces in the outer part of the "two



fingers" of the "three fingers" structure, and the simulation
results are obtained in Fig. 9.

Among them, the place with the largest stress in Fig. 9 (a)
is the place where L,. L; is connected, so it can be

considered to widen the connection part here and use nuts with
higher yield strength. At the same time, the simulation report
shows that the safety factor calculated by each nut connection
interface is greater than the required safety factor 2. In Fig. 9
(b), it can be seen that the overall displacement is small, and
the largest displacement is only 0.2mm.
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(b) Displacement diagram

(a) Stress diagram

Fig. 9 The simulation result diagram I

In addition, considering that the actual clamping situation
may also be a small object, the contact surface is not the "two
fingers" outside the "three fingers", but the "fingers" in the
middle. Therefore, this experiment also simulates the clamping
situation of a small object, and gives a force of 8N to the
vertical "one finger" contact surface, and obtains the
simulation results in Fig. 10.

(a) Stress diagram

(b) Displacement diagram

Fig. 10 The simulation result diagram IT

Among them, the results of the stress diagram are the
same as the last simulation experiment, and the maximum
displacement in the displacement diagram is slightly increased,
but it is only 0.4mm.

b. Static stress analysis of slider
Because when the mechanical claw grasps the object, the
slider slider structure is used as the structure to control the
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deformation of the mechanical claw, and the slider will cause
pressure on the slider when the mechanical claw is stressed.
Therefore, it is necessary to analyze the force of the slider to
prevent the local deformation of the slider caused by excessive
pressure or the loosening of the connection between the parts.
Considering a force of 8N at the "three-finger" structure, the
slider is given a force of 20N on each side of the direction in
Fig. 11 according to the lever theorem.

The figure shows that the maximum stress is at the first
bolt fixed connection point between the slider and the upper
half of the “Femur” link, and the maximum displacement is
only 0.2mm.

Therefore, based on the above simulation results, this
paper considers that the structure is sufficient to grasp an
object with a maximum weight of 3 kg. The slider and slider
structure is made of cast alloy steel, and the other connecting
rod parts are made of 1060 aluminum alloy.
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Fig. 11 The simulation result diagram III

B.  Kinematic analysis

In order to obtain the appropriate servo specifications,
combined with the maximum force selected in the static stress
analysis, 8N force was given to the outer and "two fingers" of
the "three-finger" structure, and a rotating motor was added to
the position of the steering shaft, which was set to rotate one
circle in one minute. The movement of five seconds was
selected, and the required motor torque of the claw rotating
30° counterclockwise from the starting position was captured,
as shown in Fig. 12.

The figure shows that the maximum torque of the required
motor is 1317N-mm, which is 13.17Kg-cm. Therefore, this
structure needs to select the servo whose maximum torque is
greater than this value.

IV. EXPERIMENT AND CHARACTERISTIC EVALUATION

The above is a simulation analysis of the structure
proposed in this paper. At the same time, we also completed
the manufacturing of the first version of the mechanical leg
using 3D printing technology. Fig. 13 is a schematic diagram
of its shrinking and opening states. It can be found that, as
described earlier in this paper, the grasping end of the
mechanical leg obtains a longer grasping range in the open
state, and the grasping end of 11cm obtains a grasping space of



17cm. At the same time, the deformation contraction structure
of the parallelogram structure also completes the contraction
of the grasping end in the limited space. Thus, the contractility
of the new mechanical leg designed in this paper can be fully
reflected.

After installing mechanical legs on the robot, the team
also completed functional verification experiments of grasping
two kinds of objects by controlling the steering gear. Fig. 14 is
the schematic diagram of the final state of grasping objects of
two sizes. Among them, the use of two sides of the baffle and
the "three finger" structure of the "middle finger" to complete
the grasp of smaller objects; The grasp of larger objects is
completed by using two side baffles and "two side fingers" of
"three fingers" structure. This reflects the design of the
structure of the size of the two sizes of grasping adaptability.

Fig. 14 Object grab: (a) Two objects of smaller and larger size; (b) Grab
diagram of two objects

V. CONCLUSION

Based on the above analysis, the simulation results of

SOLIDWORKS simulation plug-in can obtain the appropriate
specifications and structure size of the steering gear, and verify
that the designed structure can have enough structural strength
to complete the grasping task of 3kg objects. At the same time,
the shrinkage of the structure designed in this paper and the
grasping adaptability of the two sizes can be verified by the
actual experiment.
It is suggested that this structure can realize the
underwater grasping function of a single bionic spherical
S e e e e robot. In the follow-up research, the team will complete the
Torque variation diagram grasping control of the mechanical claw and the motion
Fig. 12 The simulation result diagram IV control of the robot with the object to be grasped on the basis
of the object and combined with the actual environment, and
finally realize the physical experiment of the robot grasping
and moving the object in the water.
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