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Abstract. With the continuous development of the robotics industry, the types of robotic arms 

are constantly emerging and appearing in multiple fields. This article aims to study the kinematic 

and dynamic analysis of a four axis robotic arm during actual operation. For kinematic analysis, 

the D-H parameter expression method was used to obtain the forward and inverse motion 

solutions of the four axis robotic arm, and the results were verified through Matlab kinematic 

simulation. Then, the obtained solutions were used to more intuitively demonstrate the 

workspace of the four axis robotic arm using Monte Carlo method; In response to dynamic 

problems, this article uses the Lagrangian method to establish a dynamic model of a four axis 

robotic arm and obtain dynamic equations. At the same time, this article adopts the Amdas 

simulation method to more intuitively understand the dynamic characteristics of the robotic arm. 

Keywords: Kinematic solution, Kinetic analysis, D-H parameter method, Lagrangian dynamics 

method. 

1.  Introduction 

1.1.  Background  and Significance 
In 1959, humans successfully created the world's first industrial robot "Unimate". Since then, more and 
more people have paid attention to the field of robotics, which has flourished and demonstrated its 
application scenarios and development potential. This type of robot is the culmination of many elements 
such as mechanics, electronics, materials, control, software, and is also a typical representative of the 

combination of automation and traditional machinery [1]. The emergence of robots not only greatly 
liberates productivity and reduces the need for people to engage in monotonous, heavy, and dangerous 
work, but also improves labor productivity and product quality. 

Experts in the field of robotics in our country classify robots into two categories from the perspective 
of their application environment: industrial robots and specialized robots [2]. At present, robots are 
mainly used in the following fields: industrial automation production, agriculture, forestry, animal 
husbandry, sideline and fishery, military applications, special operations, harsh working environments 

and hazardous work areas. 
Due to the vast development market of industrial robots and their ability to greatly improve efficiency 

and quality in production work, this article conducts kinematic and dynamic simulation analysis on 
common four axis robotic arms, making them versatile in design and control function implementation. 
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2.  Kinematic analysis of a four axis robotic arm 

2.1.  Overview of kinematics of four axis robotic arm 

This four axis robotic arm is a series connected robotic arm, which is a spatial open chain linkage 
mechanism composed of a series of linkages and has four degrees of freedom. In a four axis robotic arm, 
it has a fixed end and a free end, where the fixed end is fixedly connected to the base and the free end is 
equipped with an end effector, which can be used to perform a certain practical operation. The remaining 
linkages are connected by different motion pairs to form different joints, and multiple linkages are 
combined to drive the end effector to move to the specified pose (position and posture). The relationship 
between the variables of each joint in the kinematic study of a four axis robotic arm and the attitude and 

position of the end effector in space can provide theoretical basis and research methods for trajectory 
planning of the robotic arm in the later stage [4]. 

The research problems of four axis robotic arms mainly include two types: forward kinematics 
problems and inverse kinematics problems [5]. 

• Kinematic forward problem: Given a given robotic arm, if the geometric parameters of the arm and 
the vector of its joint angles are known, the pose of the end effector relative to the reference 
coordinate system (usually a fixed coordinate system) can be obtained. 

• Inverse kinematics problem: Given a given robotic arm, if the geometric parameters of the robotic 
arm and the expected pose of the end effector relative to the reference coordinate system are known, 

the joint angle vector of the robotic arm moving to the specified pose can be obtained. 

 
 

Figure 1. Figure with the relationship between forward and 
inverse kinematics problems. 

Figure 2. Figure with establishment of 
coordinate system for robot arm 

connecting rod. 

2.2.  Forward kinematics analysis of a four axis robotic arm 

2.2.1.  D-H method represents kinematic equations 

The kinematics of a robotic arm mainly studies the relationship between variables in each joint and the 
position and attitude of its end effector. By establishing coordinate systems in each joint, the position 
and orientation of the end effector relative to the reference coordinate system are derived from the 
interrelationships in these coordinate systems. This article uses the four parameter method, namely the 
D-H method, to derive the kinematic equations. 

Establish the coordinate system of each joint as shown in Figure 2 using the D-H parameter method 

[6]. Set the coordinate system {𝑖 − 1} of rod 𝑖 − 1 on joint 𝑖 − 1 and fix it to rod 𝑖 − 1. Similarly, the 

coordinate system {𝑖} of rod 𝑖 is set on joint 𝑖 and is fixedly connected to rod 𝑖 [4]. 
According to the principle of coordinate transformation and combined with Figure 2 analysis, it can 

be concluded that the coordinate system {𝑖 − 1} is translated along the 𝑥𝑖−1 axis by a distance of 𝑎𝑖−1, 

rotated around the 𝑥𝑖−1 axis by 𝑎𝑖−1 degrees, and translated along the 𝑧𝑖 axis by a distance of 𝑑𝑖 and 

finally rotated around the 𝑧𝑖 axis by 𝜃𝑖 degrees. Thus, the coordinate system {𝑖} has been obtained. The 
four D-H parameters involved in the transformation are defined in Table 1. 
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Table 1. D-H parameter definition table. 

Parameter meaning 

𝑎𝑖−1 
The distance between the Z-axis of two joints along their common normal, 

with the 𝑥𝑖−1 axis as the positive direction 

𝛼𝑖−1 
The angle between two axes in a plane perpendicular to the length of the rod, 

with counterclockwise rotation of the 𝑥𝑖−1 axis as the positive direction 

𝑑𝑖 
The distance between two adjacent connecting rods along the Z-axis direction, 

with the 𝑧𝑖  axis as the positive direction 

𝜃𝑖 
The angle between two adjacent connecting rods in the Z-axis direction, with 

counterclockwise rotation of the 𝑧𝑖  axis as the positive direction 

 

Write the matrix during the transformation from coordinate system {𝑖 − 1} to coordinate system {𝑖} 
using the method of single step homogeneous transformation matrix: 

(1) Translate the distance of segment 𝑎𝑖−1 along the 𝑥𝑖−1 axis: 

( )

1

1

1 0 0

0 1 0 0
,0,0

0 0 1 0

0 0 0 1

i

x i

a

T Trans a

−

−

 
 
 = =
 
 
  ; 

(2) Rotate 𝛼𝑖−1 degrees around the 𝑥𝑖−1 axis: 

1 1

1 1

1 1

1 0 0 0

0 cos sin 0
( , )

0 sin cos 0

0 0 0 1

i i

x i i

i i

R Rot x
 


 

− −

− −

− −

 
 

−
 = =
 
 
  ; 

(3) Translate the 𝑑𝑖 segment distance along the 𝑧𝑖 axis: 

( )

1 0 0 0

0 1 0 0
0,0,

0 0 1

0 0 0 1

z i

i

T Trans d
d

 
 
 = =
 
 
  ; 

(4) Rotate 𝜃𝑖 degrees around the 𝑧𝑖 axis: 

cos sin 0 0

sin cos 0 0
( , )

0 0 1 0

0 0 0 1

i i

i i

z i iR Rot z

 

 


− 
 
 = =
 
 
   

Finally, through the above four transformations, the pose matrix of adjacent rods can be obtained as 
follows: 
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( ) ( )1

1 1 1

1

1 1 1 1

1 1 1 1

,0,0 ( , ) 0,0, ( , )

cos sin 0

sin cos cos cos sin sin

sin sin cos sin cos cos

0 0 0 1

i

i x x z z i i i i i i

i i i

i i i i i i i

i i i i i i i

T T R T R Trans a Rot x Trans d Rot z

a

d

d

 

 

     

     

−

− − −

−

− − − −

− − − −

= =

− 
 

− −
 =
 
 
   (2-1) 

2.2.2.  Establishment of forward kinematics equations for a four axis robotic arm 
The research object of this article is a four axis robotic arm, which is modeled in 3D in Solidworks, as 
shown in Figure 3. A robotic arm consists of four parts, namely the waist (lumbar joint), upper arm 
(shoulder joint), lower arm (elbow joint), and wrist (wrist joint). At the same time, the rotation of each 
joint is driven by the joint motor DM-J8009-2EC of Damao. The core chip in the control development 

board is STM32F407IGH6TR. 

 

Figure 3. Figure with three dimensional model of four axis robotic arm 

Based on the method of establishing a coordinate system in 2.2.1, establish the physical 3D model in 
Figure 3 as the coordinate system shown in Figure 4, and take the coordinate system of the first joint to 

coincide with the base coordinate system. According to the D-H parameter representation in 2.2.1, the 
linkage parameters and joint variables in Table 2 can be obtained. 

 

Figure 4. Figure with simplified coordinate system diagram 

Table 2. Link parameters and joint variables of a four axis robotic arm. 

𝑖 𝜃𝑖/(°) 𝛼𝑖−1/(°) 𝑑𝑖/(mm) 𝑎𝑖−1/(mm) Range of  𝜃𝑖 /(°) 

1 𝜃1 0 0 0 -150~150 

2 𝜃2 -90 0 𝑎2(400) -135~0 

3 𝜃3 0 0 𝑎3(300) -45~45 

4 𝜃4 -90 𝑑4(−350) 0 -135~135 
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Substitute the parameters in Table 2.2 into the linkage change matrix obtained in 2.2.1, and use 
Matlab to calculate the matrix to obtain the transformation matrices of the four linkages: 

1 1 2 2 2

1 10 1

1 2

2 2

cos sin 0 0 cos sin 0

sin cos 0 0 0 0 1 0
, ,

0 0 1 0 sin cos 0 0

0 0 0 1 0 0 0 1

a

T T

   

 

 

− −   
   
   = =
   − −
   
     

3 3 2 4 4

3 3 42 3

3 4

4 4

cos sin 0 cos sin 0 0

sin cos 0 0 0 0 1
,

0 0 0 0 sin cos 0 0

0 0 0 1 0 0 0 1

a

d
T T

   

 

 

− −   
   
   = =
   − −
   
     

The pose in the coordinate system related to the end effector of a four axis robotic arm can be obtained 

by 𝑇 = 𝑇 𝑇 𝑇 𝑇4
3

3
2

2
1

1
0

4
0 : 

 

1 4 1 4 23 1 4 1 4 23 1 23 2 1 4 1 23 3 1 2

1 4 23 1 4 1 4 1 4 23 1 23 2 1 4 1 23 3 1 20

4

4 23 4 23 23 3 2 4 23

0 0 0 1

0 0 0 1

x x x x

y y y y

z z z z

s s c c c s c c s c c s a c d c s a c c

s c c c s c c s s c s s a s d s s a s c
T

c s s s c a s d c

n o a p

n o a p
n o a p

n o a p

+ − − − + 
 

− − − − − +
 =
 − − − −
 
 

 
 
   = =

  
 
   (2-2) 

Among them, 𝑐𝑖 = 𝑐𝑜𝑠𝜃𝑖 ,𝑐𝑖𝑗 = 𝑐𝑜𝑠(𝜃𝑖 + 𝜃𝑗) ,𝑠 = 𝑠𝑖𝑛𝜃𝑖 ,𝑠𝑖𝑗 = 𝑠𝑖𝑛(𝜃𝑖 + 𝜃𝑗) , and 𝑛⃗  is the normal 

vector of the end effector, o   is the orientation vector of the end effector, and a   is the approach vector 
of the end effector. These three vectors form the right-hand rule, that is, 𝑛⃗ = 𝑜 × 𝑎 , and finally, 𝑝𝑥,𝑝𝑦 

and 𝑝𝑧 are the coordinates of the end effector in the reference coordinate system [4]. 
Equation (2-2) is the positive solution for the four axis robotic arm. If the initial position data is taken, 

𝑎2 = 400𝑚𝑚, 𝑎3 = 300𝑚𝑚, 𝑑4 = −350𝑚𝑚,  𝜃1 = 𝜃3 = 𝜃4 = 0°,  𝜃2 = −90° .Substituting (2-2) 
yields the initial pose as: 

4

0 0 1 750

0 1 0 0

1 0 0 300

0 0 0 1

T

 
 

−
 =
 
 
   

This is consistent with the coordinates of the initial pose of the four axis robotic arm shown in Figure 

3, successfully verifying the accuracy of equation (2-2). 

2.3.  Inverse kinematics analysis of four axis robotic arm 
In this article, the inverse transformation method is used, which is a type of algebraic method. Its 
advantage is that it can obtain all solutions without the need for initial values [7]. The basic idea is to 
sequentially multiply the inverse matrix of the pose matrix obtained in 2.2 by the motion equation of the 

robot, in order to obtain the values of the variables of each joint. 
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Firstly, calculate the inverse matrix of each linkage transformation matrix: 

1 1 2 2 2 2

1 1 2 2 2 20 1 1 1

1 2

0 0 0

0 0 0
,

0 0 1 0 0 1 1 0

0 0 0 1 0 0 0 1

c s c s a c

s c s c a s
T T− −

− −   
   
− − −
   = =
   
   
     

3 3 3 3 4 4

3 3 3 3 4 42 1 3 1

3 4

4

0 0 0

0 0 0
,

0 0 1 0 0 1 0

0 0 0 1 0 0 0 1

c s a c c s

s c a s s c
T T

d

− −

− −   
   
− − −
   = =
   −
   
     

 

(1) Solve 𝜃1: 

Using 
0 1

1 T −

 the left multiplication equation (2-2), we obtain: 

𝑇−1
1
0 𝑇4

0 = 𝑇4
1  

You can obtain: 

 

1 4 1 4 23 1 4 1 4 23 1 23 2 1 4 1 23 3 1 2

1 4 23 1 4 1 4 1 4 23 1 23 2 1 4 1 23 3 1 20

4

4 23 4 23 23 3 2 4 23

0 0 0 1

0 0 0 1

x x x x

y y y y

z z z z

s s c c c s c c s c c s a c d c s a c c

s c c c s c c s s c s s a s d s s a s c
T

c s s s c a s d c

n o a p

n o a p
n o a p

n o a p

+ − − − + 
 

− − − − − +
 =
 − − − −
 
 

 
 
   = =

  
 
   (2-3) 

Expanding equation (2-3) includes: 

 

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

4 23 4 23 23 2 3 2 4 23

4 4

4 23 4 23 23 3 2 4 23

0 0 0 1

0 0

0 0 0 1

x y x y x y x y

y x y x y x y x

z z z z

c n s n c o s o c p s p c p s p

c n s n c o s o c a s a c p s p

n o a p

c c s c s a a c d s

s c

c c s s c a s d c

+ + + + 
 

− − − −
 
 
 
 

− − + − 
 
−

 =
 − − − −
 
   (2-4) 

 
By making the (2,4) on both sides of the equation equal, we can obtain: 

 1 1 0y xc p s p− =
 (2-5) 
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From equation (2-5), we can obtain: 

 1 arctan 2( , )y xp p =
 (2-6) 

(2) Solve 𝜃2: 
Substitute (1,3) in equation (2-2) into (1,4) in equation (2-2), while making both sides of the 

equation equal: 

 2 1 4 3 1 2x xa c d a a c c p+ + =
 (2-7) 

Then, 

 

2 1 4
2

3 1

x xp a c d a
c

a c

− −
=

 (2-8) 

Further calculations reveal that: 

 

2 1 4
2

3 1

arccos( )x xp a c d a

a c


− −
= 

 (2-9) 

According to the angle range in Table 2, it can be seen that 𝜃2 can only be negative. Therefore: 

 

2 1 4
2

3 1

arccos( )x xp a c d a

a c


− −
= −

 (2-10) 

(3) Solve 𝜃3: 
By making the equation of (3,3) in equation (2-2) equal on both sides, we can obtain: 

 23 zc a− =
 (2-11) 

Then, 

 3 2arctan( )za = − − −
 (2-12) 

Substituting equation (2-10) into equation (2-12) yields: 

 

2 1 4
3

3 1

arctan( ) arccos( )x x
z

p a c d a
a

a c


− −
= − − +

 (2-13) 

(4) Solve 𝜃4: 
By making the equations (3,1) and (3,2) in equation (2-2) equal on both sides and combining them, 

we can obtain: 

 

4 23

4 23

z

z

n c s

o s s

= −


=  (2-14) 

Then, 

 
4tan z

z

o

n
 = −

 (2-15) 

Finally calculated: 
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4 arctan( )z

z

o

n
 = −

 (2-16) 

Thus, the inverse kinematics solution of the four axis robotic arm has been obtained, expressed as 
equations (2-6), (2-10), (2-13), and (2-16). 

2.4.  Matlab kinematic simulation of four axis robotic arm 
In section 2.1, the coordinates of the end effector pose of the robotic arm were obtained by substituting 

special values, and the results of the kinematic forward solution were verified. However, this method is 
not universal and not intuitive. Therefore, the motion simulation of the four axis robotic arm is now 
analyzed. 

This simulation analysis uses the Robotics Toolbox toolbox in Matlab, which integrates a large 
number of robot development and research functions, enabling simulation of robot kinematics, dynamics, 
trajectory generation, and path planning [8]. 

Use the functions in the Robotics Toolbox toolbox to solve the forward and inverse kinematics of 

the robotic arm, and compare the results with the motion equation solutions in sections 2.2 and 2.3 to 
verify the correctness of the model. As shown in Figure 5, the verification flowchart for solving forward 
and reverse motion is presented. 

  

Figure 5. Figure with flowchart for verifying the 

solution of forward and reverse motion 
Figure 6. Figure with Matlab kinematic 

simulation step slow chart 

2.4.1.  Establishment of simulation model 

Perform kinematic simulation on the four axis robotic arm, as shown in Figure 6 which is the simulation 
process flowchart. 

Create the object model of the four axis robotic arm in Matlab, as shown in Figure 7, which shows 
the initial pose of the four axis robotic arm. 

 

Figure 7. Figure with Matlab simulation model 
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2.4.2.  Verification of forward and inverse kinematics solutions 
The fkin function in the Robotics Toolbox can be called to solve the forward solution of the motion of 
a robotic arm. Take the joint vector of the starting point of the four axis robotic arm as qz = [pi/3 pi/4 
pi/6 pi/2], substitute it into the calculation, and the Matlab calculation result is shown in Figure 8. At the 

same time, substituting the joint vectors into equation (2-2) and computing in Matlab yields the solution 
shown in Figure 9 [9]. 

  

Figure 8. Figure with fkine function calculation 

result 

Figure 9. Figure with calculation results of 

positive motion equation 

After comparison, it was found that the same calculation results can prove the correctness of the 
forward motion equation. 

The ikine function in the Robotics Toolbox can be called to solve the inverse solution of the motion 
of a robotic arm. Since the degree of freedom of the four axis robotic arm is 4, M can be set to [1 1 1 0]. 
If the joint vector of the initial position of the robotic arm is q = [0 pi/200 0], and the homogeneous 
transformation matrix of the joint coordinates endpoint of the end effector is known as: 

0.8660 0.1294 0.4830 475.1

0.8660 0.2241 0.8365 822.9

0 0.9659 0.2588 121.5

0 0 0 1

ZT

− − 
 
− −
 =
 − −
 
   

Substitute the Matlab operation results into the ikine function as shown in Figure 10. At the same 
time, the homogeneous transformation matrix of the joint coordinate endpoints of the end effector is 
substituted into equations (2-6), (2-10), (2-13), and (2-16), and the solution obtained by computing in 

Matlab is shown in Figure 11 [9]. 

  

Figure 10. Figure with ikine function calculation 

result 
Figure 11. Figure with results of inverse 

kinematics calculation 

After comparison, it was found that the same calculation results can prove the correctness of the 
inverse motion equation. 
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2.5.  Analysis of the workspace of a four axis robotic arm 
This article uses Monte Carlo method to simulate the workspace of the four axis robotic arm, which can 
intuitively represent the workspace of the robotic arm. The steps of this method are shown in Figure 12. 

 

Figure 12. Figure with flowchart of the simulation program for the workspace of a robotic arm 

According to equation (2-2) and the rotation range of each joint in Table 2, use Monte Carlo method 
to simulate the programming workspace in Matlab, with a sample size of 10000. Finally, the point cloud 

map of the workspace and the projection maps of three coordinate planes were obtained as shown in 
Figure 13. 

It is easy to observe from Figure 13 that under this angle constraint, the workspace of the four axis 
robotic arm can be approximated as a semi ellipsoid. Due to the limitation of the working range under 
this condition, there is a fan-shaped gap on one side of the semi ellipsoid. The range of the workspace 
can be directly read from Figure 13 to determine whether the geometric dimensions of the four axis 
robotic arm meet the work requirements. 

However, due to the limitations of actual size, there are still positions inside the semi ellipsoidal 

space that cannot be reached by the robotic arm. In order to more intuitively display these unreachable 
positions, this article uses Matlab to draw the xoy section diagram as shown in Figure 14. 

  

Figure 13. Figure with point cloud map of 
workspace and projection of three coordinate 

planes 

Figure 14. Figure with xoy sectional view of 

workspace 
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It is easy to observe from Figure 14 that there is a cavity in the workspace near the Z-axis center, and 
there are no obvious cavities or voids at the center of each axis, which is in line with the angle range set 
for each joint of the four axis robotic arm. 

3.  Dynamic analysis of a four axis robotic arm 

3.1.  Lagrangian Dynamics Analysis 
This article uses the Lagrangian dynamics method [10] to analyze a four axis robotic arm. The 

Lagrangian function 𝐿 can be expressed as the difference between the system's kinetic energy 𝐸𝑘  and 

potential energy 𝐸𝑝. Based on the Lagrangian function 𝐿, the Lagrangian equation of the system can be 

written as follows: 

 

( 1,2,3,..., )i

i i

d L L
F i n

dt q q

  
= − = 

    (3-1) 

Firstly, in addition to the kinetic energy of the rods, considering the presence of driving and 

transmission components in the robot system, the total kinetic energy of the calculated mechanism is: 

 

2

1 1

1 1

2 2

1 1
( )

2 2

n i n

k jk j k ai i

j k j i

T T

a

E h q q I q

q H q q q I q

= = =

= +

= +

 

 (3-2) 

In the formula,  𝐻(𝑞)  represents the inertia matrix of the robot, and in its elements ℎ𝑗𝑘 =

∑ 𝑇𝑟𝑎𝑐𝑒[
𝜕𝑇𝑖

𝜕𝑞𝑗
𝐽𝑖

𝜕𝑇𝑖
𝑇

𝜕𝑞𝑗
]𝑛

𝑖=max {𝑗,𝑘} , 𝑞 and 𝑞𝑖 represent the joint angles and angular velocities of the four axis 

robotic arm, where 𝑛 is a vector; 𝐼𝑎 represents the equivalent transmission inertia vector of the robotic 
arm joint transmission device. 

Secondly, the total potential energy of the calculation institution is: 

 1

n
T

p i i i

i

E m g T r
=

= −
 (3-3) 

In equation (3-3), 𝑚𝑖 is the mass of member 𝐿𝑖; 𝑟𝑖 is the radial axis of member 𝐿𝑖 in its rigid body 

coordinate system; 
Tg

represents the gravitational acceleration vector, i.e. 
[ 0]T

x y zg g g g=
. 

Finally, equations (3-2) and (3-3) were substituted into equation (3-1) to obtain the final Lagrangian 
kinematic equation 

 1 1 1

( 1,2,..., )
n n n

i ij j ai i ijk j k i

j j k

T D q I q D q q D i n
= = =

= + + + = 
 (3-4) 

In the formula, 

 max{ , }

[ ]

Tn
p p

ij P

p i j j i

T T
D Trace J

q q=

 
=

 


 (3-5) 
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p p
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p i j k j k i

T T
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 
=
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 (3-6) 
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= −


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 (3-7) 

Subsequently, the Lagrangian equation was used to model the dynamics of the four axis robotic arm. 
As the fourth degree of freedom of the robotic arm is the rotation of the end effector, it has no impact 

on the overall dynamics modeling. The solid three-dimensional model was abstracted into a theoretical 
model as shown in Figure 15. 

 

Figure 15. Figure with simplified model of four axis robotic arm 

According to equation (3-2), the total kinetic energy of the system is obtained as 

 

2 2 2 2

1 2 2 2 3 3 2

2 2

3 4 2 3 3 3 4 2 2 3 3

13 1
( )

24 2

1
( ) ( )cos

2

kE m a m m a

m d m a d

 

     

= + +

+ + + +
 (3-8) 

According to equation (3-3), the potential energy of the system is obtained as 

 1 2 3 2 3 4 2 3( ) sin sin( )pE m m ga m gd  = + + +
 (3-9) 

The Lagrange function obtained from equations (3-8) and (3-9) is 

 

2 2 2 2 2 2

1 2 2 2 3 3 2 3 4 2 3

3 3 4 2 2 3 3 1 2 3 2 3 4 2 3

13 1 1
( ) ( )

24 2 2

( )cos ( ) sin sin( )

L m a m m a m d

m a d m m ga m gd

   

      

= + + + +

+ + − + + +
 (3-10) 

Solving the dynamic equations of four generalized coordinates separately and represent them in 
matrix form,  

 

1 11 1 1

2 22 23 2 231 2

3 32 33 3 321 3
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0 0 0 0 0
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 

 

        
        

= +        
                

   
    + +    
        (3-11) 

Among them, 
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Equation (3-11) is the dynamic equation of the four axis robotic arm. 

3.2.  Admas dynamic simulation analysis 

In order to have a clearer and more intuitive understanding of the dynamic performance of the four axis 
robotic arm, this article uses Admas to simulate the dynamics of the model established. The process of 
this dynamic simulation is shown in Figure 16 [11]. 

 

Figure 15. Figure with Admas dynamic simulation flowchart 

Import the solid model from Solidworks into Admas and add motion pairs and forces on various 
components, such as gravity, friction, etc. Obtain the simulation model shown in Figure 16 in Admas. 

 

Figure 16. Figure with Admas simulation model 

By setting various motion parameters and adding motion trajectories and drivers, the torque, angular 
velocity, and angular acceleration curves of each joint corresponding to the end effector of the four axis 
robotic arm moving at a speed of 50m/s along a straight line from points (-67.56, -794, -405) to (732.78, 
-718, -385) are shown in Figure 17. 
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(a) Lumbar joint                                                           (b) Arm joint 

 

(c) Forearm joint                                                   (d) Wrist joint 

Figure 16. Figure with curve graph of torque, angular velocity, and angular acceleration of each joint 

By observing the image, it is not difficult to find that as the number of elements in the lumbar joint 
decreases over time, the velocities of other joints increase as the angular velocity of the lumbar joint 

decreases; For the same joint, the higher the movement speed, the greater its angular velocity; The 
smaller the speed, the greater the required driving force; The slope change of angular velocity represents 
the change of angular acceleration. 

4.  Summarize 

With the quiet arrival of Industry 4.0, the demand for robotic arms, which have high production 
efficiency and product qualification rate, is increasing day by day. More small and medium-sized 
enterprises in China are introducing robot technology. In order to lower the technological threshold and 
improve production efficiency. This article introduces a general method for studying the kinematic and 
dynamic problems of a four axis robotic arm: 

(1) By establishing a D-H kinematic model, the general solution for the forward and inverse 
kinematics of a general four axis robotic arm was obtained, and its kinematic equations were derived 
using matrix transformation. Simultaneously use the Robotics Toolbox in Matlab to verify the obtained 

kinematic forward and inverse solutions. 
(2) By using the obtained forward and inverse kinematics solutions, a point cloud map of the 

workspace of the four axis robotic arm was drawn using Monte Carlo method, providing a clearer 
observation of the workspace range of the four axis robotic arm. 

(3) The Lagrangian dynamics method was used to establish the dynamic equations of a four axis 
robotic arm. The 3D solid model from Solidworks was imported into Admas for dynamic analysis, and 
images of the torque, angular velocity, and angular acceleration experienced by each joint during 

specified motion were plotted. 
This article mainly focuses on the theoretical stage of research on four axis robotic arms, providing 

a foundation for further in-depth research. 
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