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Abstract 

Aiming at the task of grab-placement operation of Delta parallel robot, this paper studies 
the model simplification and inverse kinematic solutions of Delta high-speed parallel 
robot.The Delta parallel robot is modeled by SolidWorks and then the motion trajectory 
is designed by joint simulation with SolidWorks and Adams, and kinematics simulation 
analysis is performed.We design spiral circular trajectories, multi-point to fixed-point 
trajectories, and fixed-point to multi-point trajectories, and simulate the displacement 
curve, velocity curve and acceleration curve of the end-effector. By analyzing the 
simulation results, the author concludes that the motion trajectory of the end-effector of 
the Delta parallel robot changes continuously with time and runs smoothly, and proves 
that the design scheme meets the design purpose and requirements. 
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1. Introduction 

The parallel robot belongs to the space multi-ring structure and has the advantages of high rigidity, 

strong carrying capacity, high precision, small self-weight load ratio, good dynamic performance and 

compact structure. It is complementary with the parallel robot and further expands the scope of robot 

application[1].Delta parallel robots have been used in high-speed sorting and packing operations in 

the pharmaceutical, food, electronics and other industries[2].The Delta parallel robot was first 
proposed by Dr. Clavel in the 1980s[3].Later, under the efforts of many scholars and experts, it evolved 

into the current formgradually.With the wide application of Delta robots in industrial high-speed pick-

and-place operation, researchers have focused on how to improve the motion accuracy and stability 

gradually[4].In 1991, ABB introduced the IRB-340 Delta parallel manipulator, followed by an 

upgraded version of the IRB-360 model, which uses a lightweight carbon fiber tube to create a master 

and slave arm that effectively reduces weight, improved performance[5]. In 2009, Japan FANUC 

developed the M-1ia Delta Parallel Robot and quickly launched the upgraded M-2ia and M-3ia 

models, which can complete 200 transfer operations in one minute, with a maximum load of 

12kg,applied to 3C electronics assembly and food production. 

The Delta high-speed parallel robot generates large velocity and acceleration during the movement. 

Considering the impact of the flexible deformation and jerk of the driven arm, the mechanism is prone 

to vibration during high-speed operation, which makes it difficult to meet the requirements of high 

precision and stability.The Delta parallel robot trajectory is designed to improve accuracy and 

smoothness. In kinematics, this paper is mainly about the positive and inverse solutions of parallel 

robots. The inverse solution of the parallel robot is easier to solve, but the positive solution is not easy 
to solve[6].For the simplify Delta parallel robot, the kinematic inverse solution expression is obtained 
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by inverse solution theory analysis, Co-simulation with SolidWorks and Adams, and analysis of the 

simulation results. 

2. Delta parallel robot mechanism and kinematics analysis 

2.1 Introduction to Delta Structure 

The Delta robot is mainly composed of a static platform, a moving platform, three active arms and 
three driven arms. The static platform is connected to the moving platform through three 

symmetrically distributed kinematic chains, one of each of which has four spherical pairs, and a 

closed quadrilateral closed loop composed of a rod, which is connected in series with an active arm 

with a rotating pair.The three active arms are coordinated to move under the driving of the motor to 

realize the movement of the moving platform. The overall structure determines the freedom of the 

moving platform in only three directions[7-8]. 

2.2 Delta parallel robot model simplification 

Based on the simplified mechanism and model building, we analyze the positional relationship 

between the mechanisms and provide the motion parameter basis for the robot end effector through 

the input and output positional relationship. The simplified mechanism is shown in Figure 2.1. 

 

Figure 2.1 Delta robot structure simplified diagram 

2.3 Kinematic inverse solution 

The parameters of the Delta parallel robot mainly include the circumscribed circle radius R of the 

static platform, the circumscribed circle radius r of the moving platform, the active arm length 𝐿𝑍, 

and the slave arm length 𝐿𝐶.Establish a reference coordinate system O-XYZ in the center of the static 

platform, where the position vector expression of the  𝐽𝑖  point is： 

𝐽𝑖𝑜 = (𝑅𝑐𝑜𝑠𝛼𝑖 𝑅𝑠𝑖𝑛𝛼𝑖 0)𝑇                               (1) 

The position vector expression of the𝐷𝑖 point in the moving platform coordinate system O'-X'Y'Z' is： 

Dio = (rcosαi rsinαi 0)T                                (2) 

Where 𝛼𝑖  represents the angle between 𝑂𝐽𝑖  and the X axis，αi =
4i−3

6
π（ i=1，2， 3） . 

Therefore,𝛼𝑖takes values of 𝛼1=30°，𝛼2=150°，𝛼3=270°. 

The position vector expression of the intersection point of the master and slave arm 𝐴𝑖in the static 

platform coordinate system O-XYZ is： 

Aio = (

(R + LZsinθi)cosαi

(R + LZsinθi)sinαi

−LZcosθi

) = OAi
⃗⃗⃗⃗ ⃗⃗  ⃗                           (3) 

The expression of the vector 𝑂𝑂′⃗⃗⃗⃗ ⃗⃗  ⃗in the static platform coordinate system O-XYZ is： 

Ho = (x y z)T                                  (4) 



 

 

51 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 5 Issue 12, 2019 

DOI: 10.6919/ICJE.201911_5(12).0007 

The expression of the vector 𝑂𝐷𝑖
⃗⃗ ⃗⃗ ⃗⃗  ⃗ in the static platform coordinate system O-XYZ is： 

Dio = (
rcosαi + x
rsinαi + y

z
) = ODi

⃗⃗ ⃗⃗⃗⃗  ⃗                                 (5) 

After derivation： 

ADi
⃗⃗⃗⃗⃗⃗  ⃗ = (

x − (R + LZsinθi − r)cosαi

y − (R + LZsinθi − r)sinαi

z + LZcosθi

)                                 (6) 

Substituting 𝐿𝐶 = |𝐴𝑖𝐷| into the formula： 

[x − (R + LZsinθi − r)cosαi]
2 + [y − (R + LZsinθi − r)sinαi]

2 + (z + LZcosθi)
2 = LC

2 (7) 

Introducingki = tan
θi

2
： 

Ei = LZ
2 + LC

2 − x2 − y2 − z2 − (R − r)2 + 2(xcosαi + ysinαi)(R − r) + 2LZ        (8) 

Gi = LZ
2 + LC

2 − x2 − y2 − z2 − (R − r)2 + 2(xcosαi + ysinαi)(R − r) + 2LZ        (9) 

Fi = 4LZ[(xcosαi + ysinαi) + r − R]                           (10) 

Available： 

θi = 2arctan
−Fi±√Fi

2−4EiGi

2Ei
  = 2arctanki (i=1,2,3)                 (11) 

Since we have found the parameters on the right side of the equation, we can find the angle between 

the active arm and the static platform.From the above equation, we can see that the Delta parallel 
robot has three motion branches, and each branch motion has two solutions, so the Delta parallel 

robot has eight inverse solutions. 

3. SolidWorks and Adams co-simulation and trajectory planning 

3.1 SolidWorks 3D Modeling 

SolidWorks software is used to model Delta parallel robot.The main components are rods, ball heads, 

long nuts, steering gear rockers, etc.The active arm is to match the steering rocker arm with the active 

lever including the ball head.The slave arm is matched with the slave arm by the ball head after 

cutting.The static platform is equipped with a servo mechanism, a servo support plate and a static 

platform base.The moving platform cooperates with the ball head and the base of the moving 

platform.Some components are simplified for later dynamic analysis. The SolidWorks model is built 

as shown in Figure 3.1. 

 

Figure 3.1 TheDelta Parallel Robot 

3.2 Adams simulation modeling 

The established Delta parallel robot assembly model is imported into Adams in (.adm) format，Some 

constraints are not recognized due to partial compatibility issues.After the import, some settings are 
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needed, including the setting of the model material and quality, the selection of the kinematic pairs, 

the addition of the model motion pair, and the addition of the model driver. 

First, we select steel for the material type and then determine the type and number of kinematic pairs 

to ensure the model's three degrees of freedom. The authors add the kinematic pairs to the appropriate 

location and the appropriate partcorrectly.In this process, we need to consider the model structure 

characteristics of the Delta parallel robot. When adding, we should also pay attention to the direction 

selection of the working grid.The three branches consisting of three active arms and three pairs of 
follower arms are evenly distributed at an angle of 120°. Therefore, the second branch is the basis of 

the kinematic pairs, and the working grid is set to the global X and Y directions. The rotary pair, the 

spherical pair, the cylindrical pair, and the like on the branch are sequentially added. Based on the 

direction of these kinematic pairs, the working grid is set as the display plane, and the motion branches 

of the other two branches are added in sequence. Adding motion constraints to achieve kinematics 

simulation, which includes the kinematic pair drive and point drive. Kinematic pairs drive including 

linear motion drive and rotary motion driveto achieve translational and rotational motion.Point drive 

includes unidirectional point drive and general point drive [9],the former can only make the 

constrained parts move in one direction, and the latter can make the constrained parts move or rotate 

in three directions，so we can use the latter to add motion-driven functions on the X, Y, and Z axes. 

3.3 Trajectory planning 

The main purpose of trajectory planning is to set the predetermined trajectory of the robot according 

to the target object or expected function, so as to meet the expect requirements[10].In this paper, three 

kinds of trajectory planning are mainly set. The first one is the spiral circle trajectory in space. The 
main purpose is to verify the correctness of the model setting and the addition of kinematic pairs.The 

second is a fixed-point to multi-point trajectory. The main purpose is to simulate the point-to-

multipoint sorting process of robots on the industrial line.The third is a multi-point to fixed-point 

trajectory. The main purpose is to simulate the multi-point to one-point packing process of robots on 

the industrial line. 

3.3.1 Spiral circular trajectory planning 

First we import the spiral circle trajectory expression into the model, add it to the driver function, and 

then set the parameters for the appropriate end time and number of simulation steps.The termination 

time is set to 5s according to the predetermined target, and the number of simulation steps is set to 

500. The simulation result is the same as the predetermined trajectory.The trajectory curve is 
presented on the model interface, and the simulation results are as shown in Figure 3.2. The simulation 

results show that the motion pair, drive addition and degree of freedom of the simulation model meet 

the design requirements. 

 

Figure 3.2 TheSpiral circular motion track 

3.3.2 Fixed-point to multi-point trajectory planning 

In the first step, the fixed-point-to-multipoint crawling track expression is imported into the model 

and added to the driving function. In the second step, the parameters of the appropriate end time and 

the number of simulation steps are set.According to the predetermined target termination time should 
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be set to 15s, the number of simulation steps is set to 500, simulation in Adams, the simulation results 

are shown in Figure 3.3. 

 

Figure 3.3 TheFixed-to-multi-point motion trajectory 

3.3.3 Multi-point to fixed-point trajectory planning 

The first step is to import the multi-point to fixed-point grab track expression into the model, add it 

to the driver function, and then set the appropriate termination time and the number of simulation 

steps.The termination time should be set to 20s according to the predetermined target, and the number 

of simulation steps is set to 500. The simulation is performed in Adams and the simulation results are 

shown in Figure 3.4. 

 

Figure 3.4 Multi-point to fixed-point motion trajectory 

4. Simulation results and analysis 

Next, the data is post-processed on the simulation model. The first step enters the post-processing 

interface, and selects the target part to be observed. The second step exports the curve of the motion 

data and analyzes the exported result. 

4.1 Spiral circular trajectory simulation analysis 

Analysis of spiral circle trajectory simulation results, XYZ axis direction displacement curve is smooth, 

X-axis curve is COS function curve, the maximum amplitude is 30mm, the period is 1s, the total 

motion is often 5s, the Y-axis curve is SIN function curve form, the maximum amplitude It is 30mm, 
the period is 1s, and the total exercise time is 5s. The Z axis is lowered by 20mm per 1s, and the total 

drop is 100mm.The motion curve trajectory is consistent with the set trajectory expression data. The 

speed and acceleration curves also meet the design requirements. The end-effector XYZ axis 

displacement curve is shown in Figure 4.1, and the velocity and acceleration curves are shown in 

Figure 4.2 and Figure 4.3. 
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Figure 4.1 XYZ Axis Displacement Curve 

 

Figure 4.2 Speed Cur            Figure 4.3 Acceleration curve 

4.2 Fixed point to multi-track point simulation analysis 

By analyzing fixed-point to multi-point trajectory simulation results，the X-axis displacement curve 

shows an error within 0.05.This is because of the influence of the movement in the Y and Z directions 
during the movement.According to Figure 4.7, the error is negligible.Mutations in the velocity and 

acceleration curves，the end-effector is subject to sudden change in force, which is mainly due to 

conflict with the time optimal solution. From the overall simulation and graph, the trajectory design 

meets the design goals.The end-effector displacement in the X-axis direction, the displacement in the 

Y-axis direction, and the displacement curve in the Z-axis direction are shown in Figure 4.4, Figure 

4.5, and Figure 4.6, respectively. The XYZ axis curve is shown in Figure 4.7, and the speed and 

acceleration curves are shown in Figure 4.8 and Figure 4.9. 

 

Figure 4.4 X-axis displacement curve Figure 4.5 Y-axis displacement curve 

 

Figure 4.6 Z-axis displacement curveFigure 4.7 XYZ Axis Displacement Curve 

 

Figure 4.8 Speed curve   Figure 4.9 Acceleration curve 
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4.3 Multi-point to fixed-point trajectory simulation analysis 

The multi-point to fixed-point trajectory simulation results are analyzed, the displacement curve is 

smooth, the motion simulation effect is good, and the speed curve is smooth, which satisfies the 

trajectory design requirements.However, there is a sudden change in the acceleration curve because 

the speed of the moving platform is from zero to the maximum to zero, which conflicts with the time 

optimal solution. The end-effector XYZ axis displacement curve is shown in Figure 4.10, and the 

velocity and acceleration curves are shown in Figures 4.11 and 4.12. 

 

Figure 4.10 XYZ Axis Displacement Curve 

 

  Figure 4.11 Speed curve  Figure 4.12 Acceleration curve 

5. Conclusion 

This paper usedSolidWorks and Adams co-simulation, tookadvantage of SolidWorks' powerful solid 

modeling capabilities, and introduces the establish Delta robot model into Adams for dynamic 

simulation analysis.This method can improve the design method and shorten the design cycle.Three 
kinds of motion trajectories of spiral circle, fixed point to multi-point, multi-point to fixed point are 

designed, and the trajectory expression is import into the driving function.We verify the feasibility of 

the design by simulating the position, velocity and acceleration curves.It provides new ideas and 

important parameters for the simulation of Delta parallel robot trajectory. 
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