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Abstract: The paper dealt with the 3-RPS manipulator that have inward limb structure to normal manipulator configuration, that is the 

three limbs are situated close to centre of the fixed based and open outward to support the platform, the kinematics analysis is discuss in 

detail and Adam software is used to show the orientation and position of the platform with respect to the limbs length and positions. The 

result is compared with derived kinematics equations. 
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1. Introduction 
 

Since the inception of high speed machining, parallel 

manipulators are playing important roles in the field. Various 

companies developed CNC machines which are capable of 

meeting the demand of the machining parameters, yet one field 

of important interest for the all work is parallel manipulator 

capability to meet the required criterion of the machine. As 

such many researchers make an immense contribution to the 

design and development in the field. The most important 

aspect required in high speed machining robots is ability to 

reach the specified working space and to be rigid in order to 

avoid any form of singularity and retain position of stiffness 

during the operation to avoid compromising any safety and 

machining data.  

 

A parallel manipulator is a closed-loop mechanism where a 

moving platform is connected to the base by at least two serial 

kinematics chains (legs). The conventional Stewart Platform 

(SP) manipulator has six extensible legs and hence a very rigid 

kinematics structure [1].  

 

Compared to serial kinematics manipulators, an SP has the 

desirable characteristics of high payload and rigidity. 

However, the drawback of an SP is a much limited working 

envelope, more complex direct kinematics and control 

algorithms, coupled problems of the position and orientation 

movements, as well as the precise spherical joints are difficult 

to manufacture at low cost. 

 

Many researchers has came up with a new idea of reducing the 

6 (SP) manipulator to a lower degree of freedom manipulator 

achieving the desired goals of 6 (SP). This reduction leads to a 

lot of advantages from an increase in the working space to 

manufacturing cost and control system complexity. But yet 

rigidity/stiffness of the manipulator is compromised, Some 

3-DOF parallel manipulator architectures provide pure 

relative rotation of the mobile platform about a fixed point and 

are used as pointing devices, wrists of manipulators and 

orienting devices [7, 8]. Furthermore, Tsai [6] introduced a 

novel 3-DOF translational platform that is made up of only 

revolute joints. It performs pure translational motion and has a 

closed-form solution for the direct and inverse kinematics.  

 

For the purpose of this research 3 RPS manipulator is adopted 

with inward configuration to normal manipulator limbs to 

study its flexibility of working space and ruled out the 

possibility of singularity as the base is small. At the same time 

a passive SPS limb is attached to the centre of both fixed and 

moving platform for affirmation of stiffness. This also gives 

the platform the ability to translate in one axis and rotate in two 

axes. The work is categorized into four parts. The first part 

touches the manipulator configuration, then kinematics 

analysis, result and the last but not the least is conclusion 

 

2. Proposed Mechanism 
 

A sketch of the 3-RPS is given in Fig. 1. The platform and base 

are connected by three limbs which have the prismatic joints as 

extensible joints. It can be seen from Fig1. that the spherical 

joint connected the moving platform to the limb and also 

revolute joints connected the base to the limb, respectively.  

 

Points A and B are geometrical centers of the base and moving 

platform, Points a is the distance from the geometrical centre 

of the base to the point of connection with the limb likewise 

point b is the distance from moving platform centre to 

spherical joint as in figure 2. 
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Figure 1 

 

Linear motion of the required velocity and acceleration can be 

achieved either by using linear electromotor or rotary 

electromotor 

 
Figure 2 

 

3. Kinematics Analysis 
 

For the inverse kinematics problem, the position vector p and 

the rotation matrix 
a
Rb of frame B with respect to A are given 

and the limb length ri , i = 1,2,3 are to be found. Consider the 

Platform in figure 2 

The length i
th

 of the leg is given by 

ri= p+ 
a
Rb. bi – ai……………….(1) 

From Figure 3, the location of the i
th

 attachment point (bi) on 

the moving platform can be found (Equation 2a). bi and ai are 

the radius of the moving platform and fixed base, respectively. 

 bi=[ biu, biv, biw]
 T

,  ai=[aix, aiy, aiz]
T
 

 
Figure 3 

 
By using the same approach, the location of the ith attachment 

point ( oi ) on the base platform can be also obtained .Equation 

2b. 

 
Where the rotation matrix 

a
Rb is; 

 

  ...(2c) 

 

P=[px  py  pz]
T
………(2d) 

 

The length of the i
th

 limb is obtained by taking the dot product 

of the vector ri by its self. 

 

r
2
i= [P+ 

a
Rb. bi – ai]

T
 [P+ 

a
Rb. bi – ai]     for i=1,2,3…(2e) 

r
2
i=(px-axi+bxiux+byivx)

2
+(py-ayi+bxiuy+byivy)

2
+(pz+bxiuz+byivz)

2
…….(2f) 

 

Inserting equation (2a) and (2b) into (2f) and writing the 

equation for each limb, i = 1,2,3 yield 

 

d
2
1= p

2
x+ p

2
y+ p

2
z+ a

2
1+ b

2
1+k1……………….(2h) 

 

Where 

k1=2b1cosβ(pxcosγ+ pysinγ)-2 a1b1 cosβcosγ-2 pzsinβ 

 

d
2
2= p

2
x+ p

2
y+ p

2
z+ a

2
2+ b

2
2+ k2……………(2i) 

 

Where 

k2= 2a2(pxcosθ+pysinθ)+2b2cosθcos β (pxcos γ + pysin

γ )+2b2sinθsinα sinβ (pxcosγ+ pysinγ )-2b2 sinθcosα

(pxsinγ- pycosγ)+2a2b2cosθcosβ(cos(θ -γ))+2a2b2sinθsin

α sin β (cos(θ + γ ))-2a2b2sinθcos α (sin( γ

-θ))+2pzb2sinθ(cosβsinα)+4 b
2
2cosθsinθ(cosβsinαsinβ). 

 

d
2
3= p

2
x+ p

2
y+ p

2
z+ a

2
3+ b

2
3+ k3…….. (2j) 

where 

k3= 2a3(pxcosθ+pysinθ)-2b3cosθcos β (pxcos γ + pysin

γ )-2b3sinθsinα sinβ (pxcosγ+ pysinγ )+2b3 sinθcosα

(pxsinγ- pycosγ)+2a3b3cosθcosβ(cos(θ –γ))-2a3b3sinθsin

α sin β (cos(θ – γ ))- 2a3b3sinθcos α (sin( γ

-θ))+2pzb3sinθ(cosβsinα) 

 

These 3 equations for i=1to3 give the lengths of the 3 legs to 

achieve the desired position and attitude of the platform. 

The easiest way of finding the revolute joint angle and the 

platform position given the limb length is by resolving the 

structure into vector diagram of limb stroke as shown below.  
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Figure 4: vector diagram for single limb stroke 

 

Given the value of base and platform radii (a and b), height P 

and the change in limb distance H, all the remaining platform 

parameters can be determine effectively using sine or cosine 

rule. 

 

4. Manipulator synthesis 
 

The manipulator synthesis is carried out in UG modeling 

software with the following parameters 

 

Table 1 

Base radius (mm) 40 

Manipulator radius (mm) 75 

Limb length from the center line of the R joint to 

centre of the S joint (mm) 

136 

Distance between the two centers of the 

manipulator and the base (mm) 

152 

 

5. Result  
 

Given the length of the limbs the positions and the orientation 

of the platform can be computed that’s to say q=[x  y  z α β γ]
 

T
.
 
Step function is used for the simulation and each limb is sign 

its own equation as follows. 

a) step(time, 0,0,0.1,0.1)-step(time, 0,0,0.2,0.1) 

b) step(time, 0,0,0.2,0.1)-step(time, 0,0,0.4,0.1) 

c) step(time, 0,0,0.3,0.1)-step(time, 0,0,0.6,0.1)       

for a single complete stroke and retract of each limb with a lag 

in time from limb one through limb three, a true picture of the 

platform posture at different times is shown below in three 

different period. 

 
Figure 5a 

  
Figure 5b 

 

  
Figure 5c 

  

Care has even observed for setting the limbs stroke length with 

time to avoid singularities. Given the parameters in table 1, 

when only the first limb in the mechanism is simulated with an 

increment of 50mm i.e. from the length of 136mm to 185mm, 

platform orientation angles θ1, θ2, θ3, is calculated as follows 

θ1=  = 75.2564deg 

 

θ2=  =99.51178deg 

 

θ3=θ2-θ1= 24.2554deg 

 

Looking at the graph one and two, from the first graph one can 

figure out the length increment of 50mm in 1s. Tracing out the 

same time in graph two, the orientation angle (θ3) of the 

platform can be know. This almost tallies with the calculated 

value of (θ3).  

 
Graph 1: Limb1 stroke length 
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   Graph 2: Euler Angles (third rotation) of Moving Platform 

 

Also the platform orientation can be obtained from graph 3 to 

7 as shown below, when both the limbs are active at given 

specified time i.e. at certain posture 

 

 
Graph 3: Limb2 stroke length 

 

 
Graph 4: Limb2 stroke length 

 
 Graph 5: Euler Angles (first rotation) of Moving Platform 

 

 
Graph 6: Euler Angles (second rotation) of Moving     

Platform 

 

 
Graph 7: Euler Angles (third rotation) of Moving Platform 

 

Graph 8 to 11 below shows the position length with time of the 

prismatic joints which was then transferred to the position of 

the platform. A trace can be follow of the limbs position in any 

axis in required time to obtain the platform position at that axis 

in that exact time. 
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Graph 8: Limbs Positions in Z axis 

 

 
Graph 9: Moving Platform Positions in Z axis 

 

 
Graph 10: Limbs Positions in X and Y axes 

 

 
Graph 11: Moving Platform Positions in X and Y axes 

 

6. Conclusion  
 

The inward platform have been studied, and the model where 

simulated with ADAMS package. Analytical orientation of the 

platform is close to the simulated results, hence the platform 

have a good accuracy and can be used for what so ever 

machining operation. It’s also found out that when the radius 

of the platform increase the orientation angle decrease. This is 

left to the designer choice for the application intended to 

perform. 
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