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ABSTRACT  

Industrial uses for spatial mechanisms include parallel robot manipulators, machine 

positioning platforms, and many more. The high stiffness, large payload capacity, and simple 

construction make parallel manipulator robots popular in the industry. The RSSR-SS 

platform is a 2-DOF pioneer in parallel manipulator usage. Rotary-Spherical-Spherical-

Rotary-Spherical-Spherical (RSSR-SS) is a spatial mechanism with rigid body control and 

a passive degree of freedom. This study's idea is focused on linking the Rotary and Spherical 

pairs (Universal joint). Stepper motors drive the rotary joint. Simulate parallel manipulators 

using Universal joints for exact positioning. This present thesis solves the RSSR-SS parallel 

manipulator's forward kinematics in MatLab. A user interface is created to control the 

actuators; the motor can be pulsed to tilt the manipulator's platform in different directions. 

Experiments were conducted to determine the movable platform's position analysis and 

angular tilt along the x- and y-axes by actuating the manipulator linkages. Matlab was 

utilized to solve the kinematic difficulties involved to corroborate the results acquired by the 

experimental and analytical methods. The RSSR-SS manipulators were developed in Solid 

Works based on the produced models. Kinematic simulations generate graphs for different 

parameters such as force, position, and angular tilt related to simulation time. Dimensional 

synthesis is a subset of kinematic synthesis, which determines connection parameters for 2-

DOF RSSR-SS parallel manipulators. An adjustable possibility is employed to accomplish 

the most significant number of rigid body positions using velocity and acceleration analysis 

and variable input speed. The solution of a set of equations using a newly invented program 

using the MatLab R12018b package. 

The simulation results demonstrate the efficacy of the proposed technique, the dynamic 

equations of the RSSR-SS manipulator, and the effects of Leg/ Actuator inertia and its 

components on the overall system dynamics. The RSSR-SS was modelled in 

Solidworks2021. 

A potentiometer-based control scheme for parallel robot rotary actuators was designed and 

demonstrated on two cylinders. For creating control programmers, Arduino software is 

utilized in current research work. The displacement of the RSSR-SS platform was 

determined using an accelerometer sensor. The resulting graphs are shown in the thesis. 

Fabrication aspects were also thoroughly discussed in the thesis. Prototypes were created 
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that are adequate for manipulating low-weight items and performing industrial activities. 

Finally, the research looked at dynamic difficulties with a specific RSSR-SS manipulator. 
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CHAPTER 1 

Introduction 

1.1 Introduction  

Machines are devices used to modify, transfer, and direct forces to perform a specific 

task. A mechanism is a mechanical component responsible for transmitting motion and 

forces from a power source to output[1]. It is the machine's heart. A mechanism may be 

thought of as a collection of stiff pieces that are organized and linked in such a way that they 

create the machine's intended motion. Synthesis is creating a mechanism that satisfies a set 

of machine performance specifications. The analysis assures us that the Mechanism will 

move in a consistent set of criteria[2]. 

1.2 Concepts in the study of mechanisms 

Even though the design of instruments, automatic controls, and automated equipment 

keeps getting better, mechanisms as machine parts play an essential role in the evolution of 

technology. Because they are used in everything humans do, from everyday life to the 

workplace, this chapter talks about each part of a mechanism and gives some ideas about 

studying them. 

1.2.1  Rigid body 

In most circumstances, physical events may be mathematically represented using 

idealizations to generate simpler fundamental models called mathematically ideal models 

or simply ideal mathematical models. 
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This approach enables the resolution of issues that would have been impossible to 

address without this technique. A rigid body is a mathematical representation of a physical 

entity or system of particles. The distance between any two points is constant. In other 

words, a rigid body is a system in which the distance between any two of its components 

does not vary, a process referred to as deformation. 

1.2.2 Kinematic Chain.  

A kinematic chain is a group of linked assemblies connected by kinematic pairs or joints to 

move in response to a given input movement. Kinematic chains can be complex or 

straightforward. Both types of chains can be open or closed. For a chain of movement to be 

simple, all links must connect to two other links. It means that each end of the chain has a 

link attached to it. It is open and straightforward if there is no link between its two ends. It 

is complex and open if there are links between its two ends that are joined. A closed-loop is 

closed when each link is linked to two other links (one at each end). Three or more links can 

be used to make a simple closed chain. Like simple chains, a chain must be open if links 

with free ends.  

1.2.3 Degrees of freedom. 

During the functioning of a mechanism, all of its constituent components, the concept of the 

stationary element (bench), move and occupy distinct places at each moment. To establish 

the locations of all the components, it is vital to understand the independent characteristics 

that enable us to determine the position of each Mechanism's elements or connections 

relative to the fixed link. These parameters may be rotational angles (angular coordinates) 

or linear coordinates. Thus, we may define "coordinates" as the independent characteristics 

determining the element's corresponding position. The quantity of generalized coordinates 

is called flat motion. The sample is a degree of freedom, the Mechanism's generalized axes. 

N is the number of available degrees of freedom.  
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1.3 Coordinate system 

When providing physical quantities, it is expected that the measurements are made against 

a reference frame. An inertial reference is a coordinated system connected to a fixed object 

in space. Any other system that travels consistently and without rotation about the fixed 

object may also be employed with inertial reference. The most widely used coordinate 

systems are the Cartesian coordinate system. There are three coordinate systems: polar, 

cylindrical, and spherical. 

1.4 Absolute position.  

When a specific situation requires considering many coordinate systems, the application 

will identify a single basic coordinate system. Absolute system coordinates are the 

expressions in which the outcome is stated. The absolute location is defined as its apparent 

position in the absolute coordinate system as viewed by an observer. It is frequently more 

convenient to make observations in a secondary coordination system than an observer in a 

coordinate system of coordinates. 

1.5  Mechanism Types 

The following are the most general categories of mechanisms or linkages: 

 Planar Mechanism 

 Spatial Mechanism 

1.5.1 Planar mechanism 

A planar mechanism is one in which all of its points move in parallel planes. Planer 

linkage can only have revolute and prismatic pairs. All revolute axes parallel to the plane of 

movement and all prismatic axes parallel to this plane. 

1.5.2 Spatial mechanism 

A spatial mechanism is a mechanical system with at least one moving body whose 

point trajectories are generic space curves. In other words, a spatial mechanism is one on 
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which none of its points move in parallel planes. The rotational axes of the hinged joints 

that link the system's bodies generate lines in space that do not overlap and have unique 

shared normally. 

All points in a planar connection may only move in a single plane or a collection of 

parallel planes. "The motion of a particular point in a spatial linkage may describe a curve 

that does not lie in a plane, or the motion of two points in the same spatial linkage may lie 

in two non-parallel planes." 

The joint configuration symbols of spatial links are used to identify them. A PRCR 

mechanism, for example, is made up of Prismatic, Revolute, Cylinder, and Revolute. When 

motion around or along a joint comes to a halt and changes direction, this is called limiting 

position. The limiting position of a joint dictates its range of mobility.    

Table 1. 1 Classification of spatial kinematic chains. 

Group Number of links Mechanism 

 

1 

4 R– 3C 

5 2R– P– 2C 

6 3R– 2P– C 

7 4R– 3P 

2 

5 3R – 2C 

6 4R– P– C 

7 5R– 2P 

3 
6 5R– C 

7 6R– P 

4 7 7R 

 

The absence of a limiting position suggests that continuous mobility with regard to 

that joint is conceivable. Table 1.1 shows several examples of spatial mechanisms[3]. 

Table 1.1 displays all single closed-loop spatial polygons or closed spatial kinematic 

chains of links and joints with an overall mobility M = 1, provided one link in the chain is 

maintained constant. The numbers of revolute R, prismatic P, and cylindrical C kinematic 

pairings are used to name the different loops. The order or sequencing of the joints is not 

specified in the listing[4]. 
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Multi-loop spatial mechanisms, also known as parallel mechanisms, are increasingly 

being employed in robotic applications because they have certain benefits over open-chain 

mechanisms. In reality, they have high stiffness and low inertia, good design compliance, 

and the ability to keep the power actuators in the base. On the other hand, they are often so 

complicated that only digital computers can look at them. They are usually made based on 

practical solutions rather than theoretical analyses of their structure and kinematics, so they 

are often made[5]. 

Flat mechanisms can only move in two dimensions or in planar space. Spatial 

mechanisms are capable of performing the three-dimensional or spatial motion. The number 

of degrees of freedom of the mechanism joints used and the orientation of the joints in space 

are the main factors determining how the Mechanism moves in space. 

Spatial multi-DOF and multi-loop techniques are found in a small number of 

applications. The automotive suspension system is a well-known example. However, there 

has recently been a surge in interest in studying multi-dimensional spatial processes, notably 

in the robotics and machine tool industries. Parallel kinematics machines, or parallel 

manipulators, are an entirely new type of Mechanism. 

1.6 RSSR-SS Mechanism as a Parallel Manipulator 

Parallel Manipulators (PMs) and Multi-Loop spatial mechanisms with dynamic 

performance are critical components of current machine tools. Robot manipulators are 

widely employed in manufacturing and have various specialized applications. The study of 

robot manipulators is all about finding out where and how each manipulator's part moves[6]. 

A parallel manipulator is a mechanical device that uses many computer-controlled 

serial chains to support a single platform or end-effectors. In comparison to a serial 

manipulator, the "parallel" characteristic means that the end effectors (or "hand") of this 

linkage (or "arm") are linked to the base through a number of (often three to six) discrete 

and independent parallel connections. These linkages work together, but it's not implied that 

they are parallel lines. Instead, the parallel here refers to the fact that each linkage's endpoint 

is independent of the other linkages' endpoints; this is called "parallel," not "parallel lines." 

Since the RSSR-SS Mechanism is a multi-loop spatial mechanism (in contrast to the 

single-loop RSSR, RRSS, RCCC, and RRSC mechanisms), it may demonstrate a higher 

degree of structural stiffness than spatial four-bar mechanisms. Furthermore, since the 
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RSSR-SS Mechanism consists of four spherical joints and two fixed revolute joints, it is 

practical. There are a lot of applications where the RSSR-SS Mechanism can be used to 

make things move. It makes it a good choice for that. 

An approach for synthesizing RSSR-SS mechanisms with fixed & variable crank and 

follower lengths. It is used to obtain the rigid bodies' locations, velocities, and accelerations 

using work addresses of two-phase fixed-pivot adjustment issues with fixed & variable 

crank and follower lengths [7]. By identifying the R-S link joint axes, the constant length 

restriction for these connections becomes the sole design constraint. It is the situation for 

the S-S connection. They are then added to the link constraint equations for each link in the 

RSSR-SS Mechanism. They are used to figure out joint variables and drive link parameters 

[8]. 

The approach described in this work is entirely compatible with the mathematical 

programme MatLab, which is available today. The design equation for the remaining S-S 

link of the RSSR-SS Mechanism was constructed using spatial transformation matrices for 

the S-S link constant length equation to work. The SS link length equation found the rotation 

angle around the RSSR-SS Mechanism's coupler.  

The goal of kinematics is to develop different ways to change the way things move so 

that they can be used in the right way. 

The geometric parameters of the RSSR-SS Mechanism are generated by 3D modeling 

and motion simulation. Unlike RSSR-SC, which is separate from the RSSR-SC 

Mechanism[9], analysis and synthesis of the adjustable RSSR-SS multi-phase motion 

production mechanism have been developed. Considering the above, the RSSR-SS 

Mechanism was chosen for adjustable parameters. 

A kinematic chain is made up of many bodies connected by joints. Based on the 

existence of loops in a mechanical system, complete kinematic chains may be recognized if 

one or more loops include each link and joint. An entire kinematic chain is a critical 

component of current machine design practice. It transfers forces and moments and 

manipulates things[10]. 

This work discusses a method for adjusting the RSSR-SS Mechanism to obtain the 

desired phase at a certain precision point. It is based on the equations for R-S and S-S dyads.
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CHAPTER 2 

Literature Review  

2.1 Introduction 

The RSSR-SS platform is a parallel manipulator with three legs. In recent years, there 

has been a greater emphasis on improving the precision of mechanical structure motion. 

Parallel manipulators have high rigidity and are popular due to their positioning accuracy. 

Their high-level design generates greater load capacity and accuracy than serial ones. The 

parallel manipulator structure has grown in prominence in a variety of applications. Precision 

instrument isolation from the source of disturbance applied over vast region Space 

applications such as distant objects, laser communications between spacecraft, and others A 

high-tech spaceship The RSSR-SS platform is a locating system comprised of three essential 

components: a top or moving plate, a bottom or fixed plate, and three similar stretchy legs 

(Cylinder). Universal joints connect the ends of all the legs to the movable and fixed plates. 

Section 2.1 provides a brief introduction. Section 2.2 discusses how the RSSR-SS 

platform's location, orientation, and kinematics are determined. Some of the most common 

approaches, such as Newton-Euler and Lagrange, have been used to design and synthesize 

the RSSR-SS Spatial Mechanism strategy for the RSSR-SS platform and are detailed in 

Section 2.3. 

An overview of the experimental setup's interaction with the MatLab Sim Mechanics 

environment is provided in Section 2.4. RSSR-SS Platform interaction with PLC and 

Arduino requires MatLab, as detailed in Section 2.5. Section 2.6 explains the outcome of the 

research. Section 2.7 describes the research objective of the study. Finally, in section 2.8, 

the approach to achieving research methodology.
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2.2 Kinematics of Spatial Mechanisms  

C. Tischler et al. suggest selecting multi-freedom multi-loop kinematic chains to fit a 

specific job is indicated[11]. 

Yu Xin used vectorial techniques to present his work on the kinematic study of the spatial 

mechanism of PPGC (PPSC), RGCR (RSCR), RGGR (RSSR), and HRGR (HRSR). He 

concludes that the kinematics of the issue becomes intractable and that the resulting results 

provide little geometric insight [12]. 

Frank C. Park examined the ideal kinematic design of an open-chain, revolute joint 

spherical, and spatial mechanism (2 links, 3R) in terms of kinematic distortion and 

workspace volume. Geometric approaches were examined to intrinsically (i.e., coordinate 

invariant) describe dexterity and workspace volume while also considering the topological 

structure of the space of positions and orientation. He established the fundamental theory of 

harmonic maps and characterized a mechanism's kinematic distortion. He used the robot 

wrist as the study's spatial mechanism. According to his research, regardless of the 

orientation of the joint axes, all open-chain spherical mechanisms with the same degree of 

freedom exhibit the same kinematic distortion. He disregarded performance requirements 

for the system, such as obstacle avoidance and constructability[13]. 

Resit Soylu et al. devised a systematic technique for analyzing the whole location of a 

single loop, any single degree of freedom, spatial mechanism (N-links) in a straightforward, 

systematic, efficient, and root-free way. The degree of I-O equation of a mechanism might 

be inflated in provided work either due to extraneous roots supplied during the solution of 

the kinematic equations or as a result of the loop closure equations themselves. Novel 

detection and extraction techniques for extraneous roots have been devised in this work 

(which may also be beneficial in other domains requiring the solution of algebraic 

equations)[14]. 

Dheeman Basu et al.  Demonstrated the existence of parallel manipulators with multi-

loop mechanisms and singularity. He carried out singularity analysis in conjunction with the 

degree of freedom gain in a class of spatial mechanisms and created a singularity surface for 

the three-degree-of-freedom RPSSPR-SPR 'wrist' mechanism. They achieved the following 

significant findings: 

 The mechanism is in a singular configuration if the line connecting the centres of 

adjacent S joints intersects any passive R joint in a loop, including an S-S link. In 
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this case, the partial derivative of the loop-closure function to the rotation at the R 

joint is zero. In such cases, additional geometrical criteria are required. 

 They proposed a geometric criterion for the mechanism, which included loops 

connected by an S-S connection.  

The findings were initially shown using a single loop RSSR spatial mechanism, followed by 

multi-loop RSSR-SC and RSSRR-SRR mechanisms. They found that the geometric 

conditions they found were the same as the geometric conditions they found by solving the 

loop closure equations in different ways [15]. 

According to Ian S. Fischer , the ball joint has three degrees of freedom, all of which 

are rotational. We create derivative-operator matrices for use in the Fischer-Paul adaption of 

the Uicker-Denavit-Hartenberg numerical method for spatial mechanism displacement 

analysis. The purpose of this article is to construct a joint-modeling matrix for a link with a 

ball joint. The ball joint is commonly employed in a variety of practical spatial devices. 

When studying a mechanism that has a ball joint, the matrix representing the connection 

with the ball joint may be concatenated with matrices representing other types of joints [16]. 

J. Jesu's Cervantes-Sa'nchez et al., they established a connection between the 

physical dimensions of the RSSR-SC spatial linkage and the range of motion of its input 

link, as well as deduced a quartic equation that describes any configuration of the linkage 

for given input link angle values. He designed the RSSR-SC linkage so that its input link 

exhibits complete rotation without exhibiting unwanted branching behaviour [17]. When 

Eduard Peisach looked at the academic literature on displacement analysis, he looked at the 

one-degree-of-freedom single loop and Planner Assur groups with four and six links[18]. 

Spatial displacement demonstrate its limitation and spatial screw movements. He 

talked about the relationship between Hamilton operators and transformation matrices in 

many ways [19]. 

Haigang Sun and Yong Zhou presented a technique for developing the geometric 

parameters of the spatial RSSR mechanism that combines visual design, 3-D modeling, and 

motion simulation. The motion qualities of the intended mechanism may be shown 

conclusively using 3-D modeling and motion simulation. Given some special technical 

parameters and by utilizing the geometric characteristics of the spatial RSSR mechanism as 

the driven rocker approaches extreme positions. Finding solutions in three-dimensional 

space can be reduced to trajectory planning, and the graphic constructing method can quickly 

resolve design problems. Through 3-D motion simulation, a graphical technique evaluates 

and analyses the planned mechanism[20]. 
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Jung-Fa Hsieh  developed an enhanced D-H notation that allows for the specification 

of the independent parameters of any spatial mechanism, including those with a spherical 

pair. He analyzed four geometric connections, P-R, R-S, S-R, and S-S. He deduced the 

coordinate assignment rules and link parameters associated with them. He established the 

validity of his study by developing the governing equations for the linkages inside the RSCR, 

RSCP, CSSP, and RSSP mechanisms and analyzing the relevant input-output relationship 

using these equations. He concluded that the enlarged D-H notations offer a flexible 

foundation for analytical and numerical techniques for examining the kinematic response of 

mechanical processes [21]. 

Engin Tanik et al. published a unique work analyzing and designing a novel sort of 

compliant spatial four-bar (RSSR) mechanism. Using the pseudo-rigid-body model of the 

compliant RSSR mechanism with short-length flexural pivots, a unique analysis and design 

technique with small-length flexural pivots was proposed (PRBM). A theoretical technique 

was suggested to calculate the deflections of the flexural hinges, and force analysis was done 

on these deflections. The results of force and kinematic evaluations demonstrate the benefits 

of the compliant RSSR mechanism. It was discovered that when appropriately adjusted, 

compliant RSSR needs a more miniature capacity actuator than rigid RSSR for the same 

purpose, without the requirement for high flexural pivot deflections. There are several 

applications for rigid spatial four-bar mechanisms; however, it is typically not viable to 

manufacture an economical and accurate rigid RSSR. A conforming version of RSSR with 

just one or two pieces will significantly lower the cost. As a result, it is widely assumed that 

compatible RSSR method may find several uses [22]. 

Med Amine LARIBI et al. described a systematic procedure for determining a single 

loop four-bar spatial mechanism's input-output equations. They obtained these equations 

using the dialytic approach in conjunction with D-H parameters. A kinematics mechanism 

is entirely defined by its topology, size, and position in a reference frame. The conventional 

approach applies to any mechanism with a single degree of freedom and a single loop. They 

used this strategy to create kinematic models of the spatial processes of the RSCR and RSPC. 

They found that since the provided technique is based purely on the loop closure equation 

and the classical D-H parameters, it applies to any four-bar spatial mechanism. Using the 

dialytic elimination approach, we can quickly arrive at the algebraic formulation of the input-

output function[23]. 

Yang Ting-Li and Sun Dong-Jin discussed a generic degree of freedom formula for 

parallel and multi-loop spatial processes. A unique global degree of freedom (DOF) formula 
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is offered that is entirely distinct from techniques based on screw theory and the 

displacement group. It is based on the suggested position and orientation characteristic 

(POC) set and the POC equations for serial and parallel mechanisms. It may be used to 

compute the full-cycle degrees of freedom (DOF) of parallel mechanisms (PMs) and multi-

loop spatial mechanisms by performing symbolic "union" and "intersection" operations on 

POC sets. These procedures need just a few principles and the application of elementary 

mathematical tools (vector algebra, set theory, etc.)[24]. 

Gábor Hegedüset et al. presented a novel approach, bond theory, for analyzing closed 

links with revolute joints and one degree of freedom. They demonstrated how the forward 

kinematic map from the configuration curve to the group of Euclidean displacements was 

constructed using dual quaternions[25]. 

Martin Pfurner et al. investigated a one-degree-of-freedom single loop multiple 

modes seven-link mechanisms based on the concatenation of two over-constrained four-link 

spatial mechanisms with revolute, prismatic joints, namely the Bennett and the over-

constrained RPRP mechanism[26]. 

Both starting mechanisms are locked in a single configuration of their single parameter 

motion and changed so that two joints, one from each initial mechanism, coincide. All 

linkages are removed and replaced with seven new links linking these seven joints to create 

a single-loop mechanism. The 7R, 5R2P, and 4R3P mechanisms are the only ones obtained 

in this way. These mechanisms inherit the operating modes of the early four-link 

mechanisms and the universal one-parameter motion of the seven-link mechanisms. It is 

possible to switch between motion modes without detaching and reassembling in some 

combinations. They suggest an algebraic technique for identifying operation modes and 

transitional configurations with inverse kinematics. It fully cover the kinematic analysis of 

the entire class of multiple-mode seven-link systems. They found transition configurations 

for the mechanisms that enabled them to flip between modes without disassembly and 

reassembly[27]. 

Shen, Qiong, et al. described a small-scale optimization model for RSSR-SS motion 

generation in MatLab that eliminates branch and order defects. Over the years, the ideas of 

RSSR-SS motion generation, order defect removal, and branch defect elimination have been 

thoroughly investigated (individually and in combination). A significant issue occurs when 

contemplating a universal RSSR-SS optimization model for motion creation in the 

mathematical analysis programme MatLab. He developed a small-scale nonlinear equation 
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system to address this obstacle to create RSSR-SS motion. Additionally, the equation system 

has inequality restrictions to ensure no order or branch flaws [28]. 

Yimesker and Yihunetal. developed link-based performance optimization and design 

of spatial linkages. The finite-position kinematics is entirely given by the joint axes' 

positions, i.e., a collection of lines in space. However, the majority of activities have 

additional criteria for smooth motion, obstacle avoidance, force transfer, and physical 

dimensions. The paper proposed optimizing the connections between spatial mechanisms 

synthesized for a kinematic goal. This function is optimized using a hybrid method, 

including a genetic algorithm (GA). Combining the kinematic synthesis and link 

optimization techniques proposed enables the design to monitor, control and constraints 

interactively. It results in practical solutions to genuine spatial mechanism design challenges 

[29]. 

Xianwen Kong synthesized a single DOF single-loop over limited 6RMCTs as a type 

(6R spatial mechanisms for circular translation). These mechanisms give an alternative to 

planar parallelograms and are also related to specific translational parallel mechanisms' self-

motion. 6RMCTs are generated by combining a construction technique with parallel 

mechanism type synthesis approaches. The circular translation mechanisms 4R2H, 2R4H, 

and 6H are created by substituting one or more pairs of R (revolute) joints with parallel axes 

with a pair of H (helical) joints with parallel axes and the same pitch. The study adds to over-

constrained six-bar mechanisms and demonstrates the strong relationship between parallel 

and single-loop over-constrained systems[26]. 

Fugui Xie et al. conducted investigations of a unique spatial parallel mechanism to 

check its mobility, singularity, and kinematics. They investigated the suggested mechanism's 

properties using a spatial parallel kinematic mechanism (PKM) with five degrees of freedom 

(DOFs). They work on DOFs, mobility analysis using the line graph, and Grossmann line 

geometry. The suggested PKM has considerable promise for application in creating mobile 

machine centers. Kinematic analysis is very beneficial in comprehending the notion and its 

prospective applications. Mobility study of PKMs is a difficult problem due to its multi-

closed-loop design and kinematic coupling. The modified Grubler–Kutzbach criteria have 

been suggested to address this shortcoming and techniques based on geometric algebra or a 

visual graphic approach[30]. 

According to a literature survey, researchers have synthesized many types of multi-

spatial mechanisms to generate connections with the appropriate relationship between input 

and output linkages. The dimensional synthesis also determines the optimal force 
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transmission for a given set of input and output linkage relative positions. Numerous 

techniques, ideas, criteria, or procedures are utilized to synthesize spatial processes, 

including the following: 

 Geometric approach,  

 D-H notations,  

 Duffy method, common tangent method,  

 Uicker-Denavit-Hartenberg numerical scheme,  

 graphical method,  

 dual quaternions and Hamilton operators,  

 extended D-H notations,  

 Theory of bond.  

Kinematic analysis was carried out on a variety of spatial mechanisms, including 

PPSC, RSCR, RSSR, HRSR, RSSR-SC, RSSRR-SRR, RPSSPR-SPR, CSSP, RRSS, RSSP, 

RPSS, RSCP, 5R, 7R, 5R2P and 4R3P, and PKM. 

2.3  Synthesis of RSSR-SS Mechanism 

George N. Sandor et al. created two-closed-loop RSSR-SS Spatial Motion Generators 

with Branching and Sequence Constraints using computer-aided synthesis. They operate 

with three distinct types of limitations. They utilized the vector technique on two closed 

loops that comprise a complex spatial process[31]. With ten design variables, optimization 

was performed using the Hooke, and Jeeves directed pattern search approach (3 for each R-

S and 4 for S-S). Other limitations include crank rotation, fixed pivot position, and 

transmission characteristics, which are not applicable. It has a maximum accuracy of four 

points[32]. 

Russell and R. S. Sodhi, Design Adjustable RSSR-SC Mechanisms for Multi-Phase 

Motion Generation, Analysis and synthesis work takes adjustable design and multi-phase 

motion production into consideration but ignores branch and order flaws. RSSR-SC is a 

mechanism separate from RSSR-SS[33]. 

K. R. and R. S. Sodhi describe a novel method for synthesizing RSSR-SS mechanisms 

to get phases of rigid body locations, velocities, and accelerations. The work then 

incorporates specified finite and multiple separated locations into the link constraint 

equations concerning the specified coordinate frame. For each link, and computed the RSSR-

SS mechanism joint variables and driving link parameters[9]. Chaudhary et al. demonstrate 
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a novel general optimization approach for balancing the shaking force and moment 

generated by inertia forces in space mechanisms[34].  Baradat et al. propose a unique method 

for reducing the torque generated by spatial parallel manipulators. Additional force is 

classified into two types: constant and variable. The efficiency is shown via numerical 

calculations and experimental verification[35].  

S. Briot, calculus Complete balancing of the shaking force and moment of in-line, 

four-bar links by adding a class-two RRR or RRP Additionally, the Assur group The 

dynamics of a spatial parallel mechanism were investigated, taking rod flexibility and 

spherical joint clearance into account[34]. Chembrammel et al.,Y. Zhao et al. and kaushik et 

al determine manipulability using the Jacobian matrix[36]-[38]. Chanekar, V., et al. 

Synthesis: spherical four-link mechanisms with changeable geometry for approximate multi-

path creation[39]. 

According to a literature survey, researchers have synthesized many types of multi-

spatial mechanisms to generate connections with the appropriate relationship between input 

and output linkages. The dimensional synthesis also determines the optimal force 

transmission for a given set of input and output linkage relative positions. Numerous 

techniques, ideas, criteria, or procedures are utilized to synthesize spatial processes, 

including the following, 

 Selective precision synthesis technique, Screw theory   

 Synthesis technique based on local optimization.  

 Dimensional synthesis by Clifford Algebra equation. 

Different spatial mechanisms are synthesized, including the -3R hybrid leg, the P-3R 

hybrid modal, the P-3R2R22R mechanism, the parallel hybrid loop form, and the hybrid 

structure of spatial two loops with 3T the hybrid structure of spatial seven loops with 3T2R. 

The literature survey reveals that dynamic analysis of open-chain spatial processes 

is often accomplished utilizing a variety of methodologies. These techniques allow the 

discovery of recurrence relations for velocities, accelerations, and generalized forces. 

Additionally, dynamic analysis of a closed-loop may be performed by transforming 

it to an open-loop system and then employing the same formulation methodologies. In 

comparison to other study topics, such as kinematics, synthesis, and dynamic balance of 

spatial mechanisms, there is a shortage of work on the dynamics of spatial mechanisms. As 

a result, it is an open study field to work on with variable input speed in mind. 
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According to the literature study, dynamic balancing of spatial mechanisms is 

performed for open and closed-loop links with a single degree of freedom system in a single 

loop. 

According to the literature study, many methodologies or strategies are available for 

dynamic balancing of spatial links, including,  

 Matrix method  Multi - layer link technique 

 Static balancing method  Topology optimization 

 Methods of RMS balancing  Variable matric (Quasi-Newton) 

 Use of concentrated masses  Use of counter-weight balancing  

 Mass redistribution method  Method of linearly independent vectors 

 Small element superposing 

method 

 Use of dyads & triads 

The approach to be used is determined by the kind of mechanism that requires dynamic 

balancing. Researchers conducted a dynamic balancing of several spatial processes, i.e.,  

 𝜋-3R hybrid leg, 

 P-3R hybrid modal, 

 P-3R2R22R mechanism, 

 Parallel hybrid loop form,  

 Hybrid structure of spatial two loops with 3T, 

 Hybrid structure of spatial seven loops with 3T2R. 

2.4  MatLab & Simulation Communication 

By importing, modeling, and integrating the robot model with MATLAB for external 

control, Tursynbek and A. Shintemirov focus on the modeling and simulation of spherical 

parallel manipulators[40]. J. M. Rossell et al. demonstrated that an LQR controller for a 

Stewart platform prototype produces superior performance when compared to a traditional 

PID control system[41]. 

N. S. Tlale et al. created a parallel manipulator, specifying the DC motors and 

controller to be utilized to calculate the degree of freedom (DOF) of the final robot. They 

developed a Simulink and SimMechanics controller that meets the performance criteria for 

monitoring an end-trajectory effector[42]. 
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2.5 PLC & Arduino interfacing with Parallel manipulator 

Parallel mechanisms and their controllers are a challenging subject to teach due to the 

sophisticated mathematics required to handle direct and indirect kinematics difficulties 

The Emulation of a PLC is implemented using the same operating system and software 

as the physical device. It uses the same communication protocols and generates the same 

types and volumes of network traffic data[43]. The necessity of safe, local, and remote 

communication in Industrial systems' rising digitalization creates new security concerns that 

must be carefully addressed[44]. 

In automation and robotics, A programmable logic controller is employed. A 

controlled robot is a manipulator with five degrees of freedom (DOF) and a closed kinematic 

chain[45]. 

H. K. Kondaveeti, et al. work on the Arduino open-source electronics platform based 

on Parallel manipulator, they simplified Arduino prototyping for non-programmers[46]. 

The  hardware architectures and software tools for specifying and experimentally 

implementing via open-source software tools and two proposed low-cost hardware 

architectures. The simulations offer the interoperability issues between the subsystem that 

incorporates sensors and actuators and the network itself[47]. 

2.6 Outcomes of Literature Review  

 Various methodologies, ideas, criteria, or procedures are utilized to perform 

kinematic analysis of spatial mechanisms with a single loop and one degree of 

freedom. According to a literature survey, researchers have synthesized many types 

of multi-loop spatial mechanisms to offer linkages with desired relationships and 

optimum force transmission between input and output linkages. 

 Very few studies have been done on Kinematic analysis of RSSR-SS spatial 

mechanism to develop closed-form I/O relation with numerical simulation. 

 Diverse techniques, concepts, criteria, or methodologies synthesized various spatial 

mechanisms and literature studies. It shows the dynamic analysis for open-chain 

spatial mechanisms using multiple ways. These methods may be used to derive 

recurrence relations for velocities, accelerations, and generalized forces on the 

RSSR-SS mechanism. 
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 No study has been done by researchers on the relationship between the I/O linkages 

for the RSSR-SS mechanism. 

 It is also feasible to do a dynamic analysis on RSSR-SS closed loop by transforming 

it to an open-loop system and then using the same formulation techniques. Compared 

to other study areas, such as kinematics and synthesis of spatial RSSR-SS 

mechanisms with variable speed, there is very little work on the dynamics of spatial 

mechanisms. 

 No one is working on designing, developing, and analyzing the RSSR-SS spatial 

mechanism. No one is comparing experimental and simulation results. 

 As a result, working on it with variable input speed rather than constant speed on 

RSSR-SS is an open study topic. 

2.7  Research Objectives of the work 

 Universal joints have been used extensively in the RSSR-SS platform's kinematic 

and dynamic analysis, modelling, and control. There is an opportunity to study the 

RSSR-SS platform that utilizes universal joints. Major objectives such as the 

following have been seen to be met: 

 Kinematic analyses of an RSSR-SS spatial mechanism to develop closed-form input-

output nonlinear relation with numerical method 

 Synthesis of RSSR-SS spatial for finding out the relationship between input and 

output linkages. 

 Design, develop and analyse the RSSR-SS spatial mechanism. 

 Compare the Experimental results of Mechanism with SimMechanics / MatLab 

result. 

2.8 Scope of work & Methodology  

The current study focuses on constructing a physical model and mathematical 

modeling and real-time control system design and implementation of an RSSR-

SS Manipulator in MatLab. 

 Using numerical simulation, the current study analyses the 

performance of Kinematic analysis of RSSR-SS spatial mechanism 

to generate closed from I/O relation. 
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 It is proposed to study dynamic characteristics of performance in 

Simulink (MatLab).  

  It is also planned to evaluate the model using PLC with Modbus 

connection in MatLab. 

 Processing 4.0 and Arduino will come in handy for creating 

graphical representations of Model activity. 

 Using Arduino and Processing 4.0, investigate the impact of angle 

change on link trajectory. 

 Based on the prior art and findings, investigate alternative geometric 

parameters such as link length and leg angle in order to suggest the 

best appropriate RSSR-SS model design. 

 Build the physical RSSR-SS manipulator and confirm the 

computational results using experimental data. 

 The model is verified using both experimental and published data 

from other researchers. 

The primary aim of this thesis is to analyse parallel manipulators with universal joints, 

which involves the completion of the objectives mentioned above. Solid Works (Premium 

2021 SP3.0) is used to create all components of the RSSR-SS platform, including the model 

assembly. The RSSR-SS platform's components are manufactured using a variety of 

machining procedures. 

The RSSR-SS spatial mechanism is a multi-loop spatial mechanism employed in 

robotics applications and aboard the space shuttle. The literature review demonstrates that 

the RSSR-SS mechanism outperforms the other multi-loop mechanisms because it is a 

simple design with significant motion generation benefits: no prismatic or cylindrical joint, 

no passive DOF like RSSR, thus suitable for rigid-body guidance, no rigid joint axis and 

link length like Bennet linkages, and no ground link complications like RRSC and RSSR-

SC. The advantages outlined above inspire us to continue developing the RSSR-SS 

mechanism.
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CHAPTER 3 

Modelling & Kinematic Analysis of RSSR-SS 

Manipulator 

3.1 Introduction of Position, Orientation and Coordinate 

Transformations 

A robot manipulator is a computer-controlled device made up of many parts interacting with 

its surroundings to complete tasks. Additionally, they are often referred to as "robot arms." 

Robot manipulators are widely employed in manufacturing and have a variety of other 

specialized applications. The study of robot manipulators entails determining the locations 

and orientations of the manipulator's various elements. This module presents the 

fundamental ideas necessary to describe rigid body locations and orientations in space and 

coordinate transformations. 

3.2 Manipulators 

Manipulators are constructed from an intricate network of connecting connections and 

joints. The phrases "links" and "joints" relate to the mechanism's stiff components, while 

"links" refer to the connection between two links. The term "end-effectors" refers to the part 

of a manipulator that interacts with its environment to do things like move things. 

A parallel manipulator is a mechanical device that supports a single platform or end-

effector through a network of serial chains controlled by a computer. Perhaps the most well-

known parallel manipulator comprises three to six linear actuators that support a movable 

base used in devices such as flight simulators. Also known as parallel robots or generalized 

platforms, these systems are articulated robots that move the robot or more manipulator 

arms using similar concepts. As compared to a serial manipulator, its "parallel" aspect is 

that its end effector (or "hand") is connected to its base through 
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several discrete and independent parallel connections (typically three or six). Instead of a 

geometrical word, the term "parallel" is used herein in computer science. These connections 

Act in conjunction with one another, but this does not imply parallel lines. Rather than, 

"Parallel" refers to the fact that endpoints of each connector are distinct from those of the 

other links.  

3.3 Vector Kinematics and Coordinate Transformations 

This section discusses the principles necessary for specifying an object's placement in space. 

It was accomplished by giving the location of a point on an object and its orientation relative 

to a reference frame. 

3.3.1 Description of a Position 

A 3x1 position vector may represent any point in space relative to a reference frame. For 

instance, the location of point P (see Figure 3.1) concerning frame A may be expressed as  

 

 

𝑃𝑎
⃗⃗  ⃗ =    ⌈

𝑃𝑥

𝑃𝑦

𝑃𝑧

⌉ (1) 

 

Px, Py, and Pz are the magnitudes of the x, y, and z-axis projections of the line between the 

point p and the origin. 

 

Figure 3. 1 Position vector 
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3.3.2 Description of an Orientation 

A body's orientation in space may be characterized by assigning it a coordinate system and 

then specifying the vectors of its coordinate axes concerning a specified frame of reference. 

For instance, the coordinate axes of Frame Q (see Figure 3.2) may be defined by the 

following unit vectors in relation to a known coordinate system P: 

 

 

�̂�𝑃𝑄 = [

�̂�𝑄 .  �̂�𝑃

�̂�𝑄 . �̂�𝑃

�̂�𝑄 . �̂�𝑃

] , �̂�𝑃𝑄 = [

�̂�𝑄 . �̂�𝑃

�̂�𝑄 . �̂�𝑃

�̂�𝑄 . �̂�𝑃

] , �̂�𝑃𝑄 = [

�̂�𝑄. �̂�𝑃

�̂�𝑄. �̂�𝑃

�̂�𝑄 . �̂�𝑃

], (2) 

 

All three vectors may be added together to form a 3x3 matrix called a rotation matrix. 

 

𝑅𝑃𝑄 = [

�̂�𝑄 . �̂�𝑃 �̂�𝑄 . �̂�𝑃 �̂�𝑄 . �̂�𝑃

�̂�𝑄 . �̂�𝑃 �̂�𝑄 . �̂�𝑃 �̂�𝑄 . �̂�𝑃

�̂�𝑄 . �̂�𝑃 �̂�𝑄 . �̂�𝑃 �̂�𝑄 . �̂�𝑃

] =  [�̂�𝑃𝑄�̂�𝑃𝑄�̂�𝑃𝑄] (3) 

 

 

Figure 3. 2 Components of the rotation matrix of Frame Q w.r.t Frame P 
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3.4 Rotation Matrix Properties 

3.4.1 Principal Rotation Matrices 

A rotation matrix's columns are all orthogonal to one another. P rotation matrix's 

determinant is equal to one. The reciprocal of a rotation matrix is similar to the reciprocal 

of its transpose. 

 𝑅𝑃𝑄 = (𝑅𝑄𝑃)−1 = (𝑅𝑄𝑃)𝑇 (4) 

 

It indicates that the rotation matrix of Frame Q in relation to Frame P is identical to the 

inverse and transposition of the rotation matrix of Frame P with regard to Frame Q. 

3.4.2 Rotation about the z-axis 

If a reference frame (Frame P) is rotated around the z-axis to generate a new structure (Frame 

Q), the new Frame's rotation matrix is 

 

𝑅𝑃𝑄 = 𝑅𝑧(∝) =  

[
 
 
 
 
cos(∝) − sin(∝) 0

sin(∝) cos(∝) 0

0 0 1]
 
 
 
 

 (5) 

 

Figure 3. 3 Rotation about the z-axis 
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3.4.3 Rotation about the y-axis 

When an angle around the y-axis rotates a reference frame (Frame P) to produce a new frame 

(Frame Q), the new Frame's rotation matrix is 

 

 

𝑅𝑃𝑄 = 𝑅𝑦(𝛽) =  

[
 
 
 
 

cos(𝛽) 0 sin(𝛽)

0 1 0

− sin(𝛽) 0 cos(𝛽)]
 
 
 
 

 (6) 

 

 

 

 

Figure 3. 4 Rotation about the y-axis 

3.4.4 Rotation about the x-axis 

When a reference frame (Frame P) is rotated around the x-axis to create a new frame (Frame 

Q), the resulting Frame's rotation matrix is 
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𝑅𝑃𝑄 = 𝑅𝑥(𝛾) =  

[
 
 
 
 
0 0 0

0 cos(𝛾) − sin(𝛾)

0 sin(𝛾) cos(𝛾) ]
 
 
 
 

 (7) 

 

 

Figure 3. 5 Rotation about the-x axis 

3.5  Cascade Rotations 

The ultimate orientation of three consecutive rotations about moving axes (see Figure: 3.6) 

is identical to the end three orientations. And identical rotations about stationary axes 

performed in the opposite order (see Figure: 3.7). In this context, the term "moving axes" 

refers to the new axes generated after each rotation. 
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Figure 3. 6 Three rotations about moving axes 

 

 

Figure 3. 7 Three rotations about fixed axes 

 

Mathematically, 

 RPQ, moving (α,β,γ) = RPQ, fixed (γ,β,α) = Rz (α). Ry (β). Rx (γ) (8) 

3.6  Euler Angle Representations 

Euler angle representations are often used to define orientations. Three sequential rotations 

are used to depict an orientation in these representations. Because rotation is a three-

dimensional motion, a collection of three independent factors is required to characterize a 

spatial orientation. Angles of roll, pitch, and yaw. This depiction of orientation is made up 

of three consecutive rotations around a given frame. 
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The roll angle is defined as rotation about the x-axis. The pitch angle is defined as rotation 

about the y axis. And yaw angle is defined as rotation about the z-axis. 

The three rotations provide the following rotation matrix 

. 

 Rz(α). Ry(β). Rx(γ)

=   [[cos(α) cos (β), − sin(𝛼) cos(γ)

+ cos(α) sin(𝛽) sin(𝛾), sin(𝛼) sin(𝛾),

+ cos(α) sin(𝛽) cos(γ)], [sin(𝛼) cos(β), cos(α) cos(γ)

+ sin(𝛼) sin(𝛽) sin(𝛾),− cos(α) sin(𝛾)

+ sin(𝛼) sin(𝛽) cos(γ)], [− sin(𝛽) , cos(β) sin(𝛾), cos(β) cos(γ)]]                                                                          

(9) 

 

Since matrix multiplication does not always converge, the sequence of the rotations is 

critical. If a rotation matrix is provided, the following formulae may be used to compute the 

roll-pitch-yaw angles: 

 𝛽 = sin−1(−𝛼3, 1) (10) 

 

 
𝛼 = tan−1 (

α2,1

cos(β)
,

α1,1

cos(β)
) (11) 

 

 
𝛾 = tan−1 (

α3,2

cos(β)
,

α3,3

cos(β)
) (12) 

Where ai,j  corresponds to the term in the ith  row and  jth column of the rotation matrix. 
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3.7  Coordinate Transformations 

 

Figure 3. 8 Spatial displacement 

Consider the figure's position P: 10. The following vector sum may be used to determine its 

location vector concerning Frame A: 

 
𝑂𝑃  
⃗⃗ ⃗⃗ ⃗⃗ 𝑃 =  𝑂𝑃 𝑂𝑄 

⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  + 𝑂𝑄
⃗⃗⃗⃗  ⃗

.
𝑃 (13) 

it can be written as 

 𝑝𝑃⃗⃗⃗⃗ = 𝑞𝑃⃗⃗⃗⃗ +  𝑅𝑃𝑄.
. 𝑝𝑄⃗⃗ ⃗⃗  (14) 

RPQ denotes the rotation matrix of Frame Q relative to Frame P, QP is the position vector of 

Frame Q's origin OQ relative to Frame P. PB represents the position vector of a point relative 

to Frame Q. it is the transition of a position vector from one Frame to another on a general 

level. The notions of homogeneous coordinates and homogeneous transformation matrix are 

presented to simplify this problem. 

3.8  Homogeneous Transformations 

Homogeneous coordinates are widely used in computer graphics because they represent 

typical vector operations, such as translation, rotation, scaling, and perspective projection in 

vectors. 

 A triple represents in the spatial plane (X, Y, Z) the point's homogeneous or 

projectile coordinates, where X, Y, and Z are not all zero. 
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 Inversely, two sets of homogeneous coordinates describe the same point if one is 

generated from the other by multiplying all the coordinates by the same non-zero 

constant. 

 When Z is more significant than zero, the point is represented as (X/Z, Y/Z) on the 

Euclidean plane. When Z equals 0, the point depicted is infinite. 

 Note that the triple (0, 0, 0) is excluded since it contains no points. The origin is 

symbolized by (0, 0, 1).  

3.9   Solid work model of RSSR-SS Mechanism  

Assembly model with 3D view and projection of RSSR-SS manipulator developed in 

solid work programme is presented in Appendix B.   

3.10 Kinematic Analysis: Introduction 

Since the RSSR-SS mechanism is a multi-loop spatial mechanism (in contrast to the 

single-loop RSSR, RRSS, RCCC, and RRSC mechanisms). It may display a higher degree 

of structural stiffness than spatial four-bar mechanisms. Additionally, since the RSSR-SS 

mechanism consists of just four spherical joints and two fixed revolute joints, it is a 

practicable design in general. It makes the RSSR-SS mechanism suitable for motion-

generating applications in Multi-Loop four-bar mechanisms. 

Russell and et al. developed a strategy for synthesizing RSSR-SS mechanisms capable 

of generating phases of rigid-body locations, velocities, and accelerations on the same 

hardware. The challenges involve two-phase fixed-pivot adjustment with fixed crank and 

follower lengths. By identifying the R-S link joint axes, the constant length restriction for 

these connections becomes the sole design constraint. It is the situation for the S-S 

connection. Following that, the specified finite and multiple-separate locations are included 

in the link constraint equations for each link concerning the prescribed coordinate Frame. 

The RSSR-SS mechanism joint variables and driving link parameters are computed[48]. 

Although sophisticated (and sometimes costly) software programmes exist to analyze 

practically every form of mechanism imaginable, the purpose of this study is to provide a 

realistic alternative for displacement analysis of RSSR-SS mechanisms[49]. The technique 

described in this thesis is entirely compatible with modern mathematical software (e.g., 

Mathematica, Maple, MatLab, etc.). The RSSR-SS mechanism's remaining S-S connection 
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was generated using spatial transformation matrices under the constant length requirement 

for the remaining S-S link. The angle of rotation around the RSSR mechanism's coupler that 

was needed to meet the S-S link constant length equation, as well as the displacement of an 

arbitrary point on the RSSR-SS mechanism's coupler, given a range of crank-angle 

displacements[50]. 

Kinematics aims to create different methods for modifying motion to get the desired 

type of motion in applications. For instance, an item must be transported from point A to 

point B along a route. Typically, the first issue in resolving this challenge is: what kind of 

mechanism (if any) can accomplish this function? And the second issue is how such a system 

is designed. 

Kinematics is the study of how objects move. It is the study of motion's geometry. 

Kinematic analysis is the process of finding out where a mechanism moves, how fast it 

moves, how far it moves, and how quickly it moves. 

A kinematic chain is made up of many bodies connected by joints. Based on the 

existence of loops in a mechanical system, complete kinematic chains may be recognized if 

one or more loops include each link and joint. There are no open attachment points on a 

closed kinematic chain. The design of kinematic chains is a critical component of 

contemporary machine design practice. Kinematic chains are used to move forces and 

moments from one object to another and change them. 

3.11 Position Analysis of RSSR-SS Mechanism 

Many mechanisms using various kinds of mechanisms construct a single kinematic loop 

with four bodies and four joints. When the types of joints are restricted, as illustrated in 

Table 3.1, four classes of spatial processes become apparent. 

Table 3.1  four types of joints 

Joint Description 

R Revolute (one degree of freedom) 

P Prismatic (one degree of freedom) 

C Cylindrical (two degrees of freedom) 

S Spherical (three degrees of freedom) 

H Helical (two degrees of freedom) 

F Planner pair (2 displacement variable and one 

rotational )  
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The Kutzbach criteria determines a mechanism's mobility: 

 

𝑚 = 6 (𝑖 − 1) − ∑(6 − fj),

𝑝

𝑗=1

 (15) 

Where p represents the joint count, n signifies the link count- i denotes the total number of 

elements including the base), and fj defines the joint mobility. 

RSSR is an abbreviation for Revolute-Spherical-Spherical-Revolute. It is a spatial 

four-bar connection with two degrees of freedom. A passive degree of freedom is the 

rotation of the coupler connection around its symmetry axis. Due to the presence of this 

passive DOF, the RSSR connection is rendered inefficient for spatial rigid-body guiding. 

The RSSR linkage is often used in applications for function creation. 

 

Figure 3. 9 RSSR-SS linkage  

 

They extend the RSSR coupler and connect it to a Spherical–Spherical dyad, 

resulting in the RSSR-SS (Figure: 3.9). In contrast to the RSSR linkage, the RSSR-SS 



 

Chapter: 3                                  Modelling & Kinematic Analysis of RSSR-SS Manipulator 

 

31 
 

linkage's coupler lacks passive degrees of freedom, making it suitable for rigid-body 

steering. RSSR-SS links are a subset of multi-loop spatial processes. 

Due to their simple designs and spatial kinematics, the RRSS and RSSR-SS 

mechanisms are two of the most practical four- and five-bar mechanism designs for spatial 

motion generation applications. These systems lack prismatic or cylindrical joints. To move 

along joints, rails, pins, or slots are necessary. These systems are connected only by revolute 

and spherical joints. This property makes them very easy to develop and manufacture. This 

characteristic enables the two processes to create motion (the coupler link). Unlike Bennett's 

linkage, the RRSS and RSSR-SS mechanisms do not need a rigid joint axis or a long link 

length. This trait allows for more design freedom regarding the two mechanisms. After 

weighing these properties of the RRSS and RSSR-SS mechanisms, they were selected as 

two of the mechanisms to investigate spatial motion generation and multiple separated 

position synthesis in this research. 

The link po-p1 of the RSSR-SS mechanism rotates in the X-Y plane, while the link 

q0-q1 rotates in another X-Y plane (figure 3.10). The origins of the frames X-Y-Z are offset 

along the X-axis. In the X-Y-Z coordinate system, the connection ro-r1 is measured. 

 

 

Figure 3. 10 RSSR-SS linkage Revolute-Sphere (R-S) Link 
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Figure 3. 11 Revolute-Sphere link 

 

The R-S link must meet all S-S link restrictions with the addition of one constraint that 

restricts rotation of the spherical joint. Which is perpendicular to the revolute joint's axis 

uao. The displacement constraint equations for the R-S connection degenerate into 

 
(𝑝1 − 𝑝0)

𝑇(𝑝1 − 𝑝0) =  (𝑝𝑗 − 𝑝0)
𝑇
(𝑝 − 𝑝0)   , 𝑗 = 2 , 3, … . 𝑛 (16) 

 

 
(𝑢𝑝0)

𝑇(𝑝𝑗 − 𝑝0 ) = 0    , 𝑗 = 1, 2 , 3, … . 𝑛 (17) 

 

 
(𝑢𝑝0)

𝑇(𝑢𝑝0) = 1     (18) 

 

Where 
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𝑝0 =  (𝑝0𝑥 𝑝0𝑦 𝑝0𝑧)𝑎1 = (𝑝1𝑥 𝑝1𝑦 𝑝1𝑧)𝑎𝑗 = [𝐷𝐼𝐽]𝑝𝑎 (19) 

 

These equations combine to generate a set of eight design equations, including nine 

unknown scalar components upo, po, and p1. Thus, the maximum number of rigid body 

positions defined for an R-S connection used for rigid body guiding is four, with any one of 

the nine unknowns being chosen arbitrarily. 

 

Figure 3. 12 R-S link and rigid body points 

 

Only the equation must be met when the rigid body points move in a plane perpendicular to 

the joint axis upo (thus specifying the joint axis). When this is the case, there are a number 

of factors to consider. 
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𝑝 =  (𝑝0𝑥 , 𝑝0𝑦)𝑎1 = (𝑝1𝑥 , 𝑝1𝑦) (20) 

 
𝑢𝑝0 = (0, 0,1 )  𝑝𝑗 = [𝐷𝐼𝐽]𝑝1 (21) 

Were  

 

[𝐷𝑖𝑗] = [

𝑎𝑗𝑥 𝑏𝑗𝑥 𝑐𝑗𝑥
𝑎𝑗𝑦 𝑏𝑗𝑦 𝑐𝑗𝑦
1 1 1

] [
𝑎𝑖𝑥 𝑏𝑖𝑥 𝑐𝑖𝑥

𝑎𝑖𝑦 𝑏 𝑐𝑖𝑦

1 1 1

]

−1

 (22) 

 

Points a, b, and c denote the rigid body's location in two-dimensional space. These three 

points must not all move in the same direction in any stiff body posture. This precaution 

avoids proportionate rows in the R-S link displacement matrix equation. It is impossible to 

invert the matrix in the equation with proportional rows to be reversed. 

3.12 Kinematic Analysis of RSSR Mechanism 

The RSSR mechanism (Figure 3.13) is a spatial, four-bar mechanism with two 

degrees of freedom—a passive DOF. It is provided by the rotation of the coupler link (link 

p1 q1) along its axis of symmetry. 

The following equation for the constant length of a coupler connection serves as the 

foundation for the RSSR displacement equations: 

 
(p − q)𝑇 − (p − q) − (p1 − q1)

𝑇(p1 − q1) =  0  (23) 

 

The crank and follower links' rotation around their fixed pivot joint axes (links p0 ,p1, and 

q0 q1 in Figure 3.13) is determined by the crank and follower rotation angles, respectively. 

 

 
p =  [Rθ,ua0](p1 − p0) + p0 (24) 

 

 
q =  [R∅,ua0](q1 − q0) + p0 (25) 

 

The rotation matrices [Rθ,up0]and [R∅,up0]are correspond with joint axis up0 and rotation 

angles  and Ø. 
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Figure 3. 13 RSSR mechanism 

 

By putting equations (24) and (25) from above into equation (23) 

 
E cos(∅) +  F sin(∅) +  G = 0 (26) 

 

Where  

 
𝐸 =  (p − q0)

𝑇{[𝐼 − 𝑄𝑢𝑞0](q1 − q0)} (27) 

 

 
𝐹 =  (p − q0)

𝑇{[𝑃𝑢𝑞0](q1 − q0)} (28) 
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 𝐺 =  (p − 𝑞0)
𝑇{[𝑄𝑢𝑞0](q1 − q)}

+
1

2
{(𝑝1 − 𝑞1)

𝑇(𝑝1 − 𝑞1) − (𝑝 − 𝑞0)
𝑇(𝑝 − 𝑞0)

− (𝑞1 − 𝑞)𝑇(𝑞1 − 𝑞0)} 

(29) 

 

Where  

 

[𝑃𝑢𝑝0] =  [

0 −𝑢𝑝𝑧 𝑢𝑝𝑦

𝑢𝑝𝑧 0 −𝑢𝑝𝑥

−𝑢𝑝𝑦 𝑢𝑝𝑥 0
] (30) 

 

 

[𝑄𝑢𝑏0] =  [

𝑢𝑝𝑥
2 𝑢𝑝𝑥𝑢𝑝𝑦 𝑢𝑝𝑥𝑢𝑝𝑧

𝑢𝑝𝑥𝑢𝑝𝑦 𝑢𝑝𝑦
2 𝑢𝑝𝑦𝑢𝑝𝑧

𝑢𝑝𝑥𝑢𝑝𝑧 𝑢𝑝𝑦𝑢𝑝𝑧 𝑢𝑝𝑧
2

] (31) 

 

The variables p0, p1, up0, q0, q1, and uqo are 3x1 vectors carrying identical matrix's x, y, and 

z components.   

3.13 RSSR-SS Mechanism Analysis   

The RSSR linkage is a two-degree-of-freedom spatial four-bar connection. The coupler link 

with passive DOF around its axis renders the RSSR linkage. It is unsuitable for spatial rigid-

body guiding since complete RSSR coupler motion control is impossible with a passive 

DOF. The RSSR linkage is often used in applications involving function creation. The 

RSSR–SS connection is created by extending the coupler of the RSSR linkage and affixing 

an S–S dyad to the expanded coupler. The additional S–S dyad makes the RSSR–SS 
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Figure 3. 14 RSSR mechanism with Passive DOF 

 

The inclusion of the S–S dyad strengthens the RSSR–SS Linkage structurally over 

four-bar processes (and subsequently more suitable for supporting rigid-body forces). 

Unlike the RSSR linkage's S–S dyad, the RSSR–SS linkage's coupler-like S–S link has no 

passive DOF and is ideal for rigid-body guiding. While the RSSR–SS mechanism's coupler-

like S–S link has no passive DOF, the grounded S–Slink does. The RSSR–SS linkage is a 

form of spatial Multi-Loop mechanism that may provide more straightforward, less 

expensive design options for applications that need more complicated and costly parallel 

manipulators. 
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Figure 3. 15 RSSR-SS mechanism with Passive DOF to Ground link 

 

The displacements of the RSSR–SS moving pivots p1 and q1 are determined using 

the RSSR displacement equations. However, a complete set of RSSR–SS displacement 

equations must also include equations for calculating the displacements of the follower 

moving pivot r1 and rigid-body point T1. 

Three separate rigid-body rotations may be used to describe the displacement of the 

RSSR–SS rigid body. The initial rotation is up0 by rotation angle around the fixed pivot 

joint axis. The second rotation is by a rotation angle around a vector that contains the 

displaced moving pivot a (which we will refer to as vector w). The third rigid-body rotation 

is the displaced RSSR coupler unit vector up (where up = (q − p)/|q − p|) by a rotation angle 

γ. 
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Figure 3. 16 RSSR-SS mechanism rotate about angle α-up0 

For the first rotation (Figure: 3.16), RSSR–SS dyad p0 − p1 − r1 is treated as the RRSS 

linkage driving link dyad  

Where 

 
up1 = (q1 − p1)/|q1 − p1| (32) 

 

Based on the RRSS displacement equations the first rotations of c1, p1, and ua1 become 

 
r1
′ = [R,up0](r1 − 𝑝0) + 𝑝0 (33) 

 

And  

 
T1

′ = [R,up0](T1 − p0) + p0 (34) 
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up1

′ = [R,p0]up (35) 

 

Figure 3. 17 RSSR-SS mechanism rotate about angle  -w 

 

For the second rotation (Figure: 3.17), unit vector up1’ is rotated to unit vector up (about 

vector w by rotation angle ω). Vector w is defined as 

 
w = 

up1
′  x up

|up1
′  x up|

 (36) 

And the cosine and sine of rotation angle ω are 

 
cosω = up1  

′ . up   And      sin = |up1
′  x up| (37) 

 

Based on the RSSR displacement equations, the second rotations of c1 and p1 become 

 
r1
" = [R𝜔,w](r′1 − p) + p    (38) 
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T1

" = [R𝜔,w](T′1 − p) + p    (39) 

 

Figure 3. 18 RSSR-SS mechanism rotate about angle -ua rigid body rotation 

 

To perform the third rotation (Figure 3.18), the moving pivot r1" and coupler point T1" are 

moved up by rotation angle around the unit vector. The ultimate rotations of r1 and T1 are 

deduced using the RSSR-SS displacement equations. 

 
r =  [R𝛾,up](𝑟 − p) + p    (40) 

 
T =  [R𝛾,up](T"1 − p) + p    (41) 

Where 

 
γ1,2 = 2 tan−1 −X±√W2+X2 −Y2

Y−W
    (42) 

And  
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W = (p − r0)

T{[I − Qup](r"1 − p)}    (43) 

 

 
X =  (p −  r)T{[Pup](r − p)}    (44) 

 

 Y =  (p − r0)
T{[Qup](r"1 − p)} +

1

2
{(r"1 − p)T(r"1 − p) + (p − r0)

T(p −

r0) − (r1 − r0)
T(r1 − r0)}    

(45) 

 

c1 and p1 are RSSR–SS variables that include x, y, and z components, respectively. The 

preceding equations define the displacements of the RSSR–SS follower moving pivot r1 and 

rigid-body point T1 and therefore complete the set of RSSR–SS displacement equations. 

3.14 Velocity and Acceleration analysis 

The velocity equation for a rigid body may be determined by differentiating the constant 

length equation. We get the generic rigid body velocity equation with a stationary pivot po 

and a moving pivot p1. 

 
(𝑝𝑗

, )
𝑇
(𝑝𝑗 − 𝑝0) = 0    (46) 

Where 

 
𝑝𝑗

, = [𝑉𝑖𝑗]𝑝1𝑉𝑖𝑗 = [𝑉][𝐷𝑖𝑗]    (47) 

 

And  

 
[𝑉] =  [𝑊

(𝑇 , − [𝑊]𝑇)
0 0

]    (48) 

 

 

[𝑊] =  [

0 −𝜔𝑧 𝜔𝑦

𝜔𝑧 0 −𝜔𝑥

𝜔𝑦 𝜔𝑥 0
] =  𝜔 [

0 −𝑢𝑇𝑧 𝑢𝑇𝜔𝑦

𝑢𝑇𝑧 0 −𝑢𝑇𝑥

𝑢𝑇𝑦 𝑢𝑇𝑥 0
]    (49) 

 

The spatial velocity matrix is denoted by matrix [V]. The spatial angular velocity matrix 

[W] is defined. The variables p and up denote the reference point and the unit vector of the 
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joint axis at the reference point, respectively. In this study, p denotes the fixed pivot, whereas 

up denotes the joint axis unit vector at the fixed pivot. (Therefore T = p0 and uT = uT0) 

The acceleration equation for a rigid body may be determined by differentiating the velocity 

equation. The generic rigid body acceleration equation becomes the following when a 

stationary pivot p0 and a moving pivot p1 are used. 

 

 
(𝑝𝑗

,,)
𝑇
(𝑝𝑗 − p) + (𝑝𝑗

, )
𝑇
(𝑝𝑗

, ) = 0    (50) 

 

Where  

 
𝑝𝑗

,, = [𝐴𝑖𝑗]𝑝1𝐴𝑖𝑗 = [𝐴][𝐷𝑖𝑗]    (51) 

 

 
[A] =  [W

(T, − [W′]𝑇)
0 0

]    (52) 

 

[W′] =

 [

(𝑢𝑇𝑥
2 − 1)𝜔2 (𝑢𝑇𝑥𝑢𝑇𝑦𝜔

2 − 𝑢𝑇𝑧
̇ 𝜔 − 𝑢𝑇𝑧𝑝) (𝑢𝑇𝑥𝑢𝑇𝑧𝜔

2 + 𝑢�̇�𝑦𝜔 + 𝑢𝑇𝑦𝑝)

(𝑢𝑇𝑥𝑢𝑇𝑦𝜔2 + 𝑢𝑇𝑧
̇ 𝜔 + 𝑢𝑇𝑧𝑝) (𝑢𝑇𝑦

2 − 1)𝜔2 (𝑢𝑇𝑦𝑢𝑇𝑧𝜔
2 − 𝑢𝑇𝑥

̇ 𝜔 − 𝑢𝑇𝑥𝑝)

(𝑢𝑇𝑥𝑢𝑇𝑧𝜔
2 − 𝑢�̇�𝑦𝜔 + 𝑢𝑇𝑦𝑝) (𝑢𝑇𝑦𝑢𝑇𝑧𝜔

2 − 𝑢𝑇𝑥
̇ 𝜔 − 𝑢𝑇𝑥𝑝) (𝑢𝑇𝑧

2 − 1)𝜔2

]    
(53) 

Matrix [A] is the spatial acceleration matrix and matrix [W'] is the spatial angular 

acceleration matrix. 

3.15 Trajectory Generation  

A mechanism is helpful; when the dimensions and movements of the linkages cannot 

be completely random. They should also be regulated to provide the proper relative motions 

for the specific job to be produced. 

In many cases, when studying mechanisms, the idea of setting up a predetermined 

movement and then using this movement as a guide to figure out the proportions of the 

mechanism that makes this movement is offered. 
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In this study, the mechanism's three-dimensional synthesis is created using the RSSR-

SS topology to construct the trajectory. The method uses vectors to show the mechanism's 

links and the use of rotation matrices to get the equations needed to build an algebraic system 

over the determined system of equations. 

The system of equations is solved using the approach of square minima by using built-

in software written in the MatLab programming language. The mechanism's kinematics are 

solved by resolving the equations used to make the design equations. 

3.16 Link Adjustment Possibilities 

Due to the stiff body position, it is not always possible to construct a five-bar mechanism 

with non-adjustable fixed pivots with moving pivots and link length. However, re-synthesis 

and modification of the point and crank length are possible in Figures 3.19 to 3.22. Moving 

pivots P1, Q1, R1 may be repositioned using P1n, Q1n, and R1n in the exact mechanism, and 

A1, B1, and C1 can be repositioned using A1n, B1n, and C1n in various moving pivot 

locations. 

For the R-R, R-S, and S-S linkages, the following changes are possible: 

Table 3. 1 Mechanism link adjustment possibilities 

1 Adjust the pivots while keeping the set lengths of the actuators 

2 Adjust the fixed pivots while keeping the actuator lengths constant. 

3 Adjust the moving pivots and actuator lengths between phases 

4 Adjust the fixed pivots and  actuator lengths between phases 
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Figure 3. 19 Adjust the pivots while keeping the set lengths of the actuators 

 

Figure 3. 20 Adjust the fixed pivots while keeping the actuator lengths constant. 
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Figure 3. 21 Adjust the moving pivots and actuator lengths between phases 

 

Figure 3. 22 Adjust the fixed pivots and actuator lengths between phases 

 

The first and third adjustment alternatives apply to this study's R-R, R-S, C-S, and S-S 

linkages. However, the second modification option is limited to the R-S and S-S 

connections. The fourth adjustment option applies exclusively to the R-R, R-S, and S-S 
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linkages in this study. It is only conceivable for the R-R connection if the new fixed pivot 

is located along the length of the link determined in the first phase. Each link's modifications 

must be contained within its appropriate work area. The S-S connection has a hemispherical 

workspace with a link length equal to the sphere's radius. The R-R, R-S, and S-S connections 

have circular planar workspaces (in planes normal to the fixed pivot joint axes) with link 

lengths equal to the circle radii.
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CHAPTER - 4 

Synthesis of RSSR-SS Mechanism 

4.1 Introduction 

A mechanism's movements between the connections cannot be wholly random; they must 

also be constrained to create the relative movements necessary to develop the specific task. 

In many circumstances, studying mechanisms, the necessity of creating a predefined 

movement is offered, and the proportions of the mechanism that generates that movement is 

determined based on this movement. This is referred to as the mechanism's three-

dimensional synthesis. 

This chapter discusses each of the synthesis tasks. Dimensional and design equations govern 

motion in a pin-connected four-bar flat mechanism. 

4.2 Type Synthesis: 

The term "type synthesis" refers to the process of selecting an acceptable mechanism. Which 

might be a link, a gear train, belts, pulleys, or a cam system, in addition to the number of 

links necessary, the number of degrees of freedom required, and the desired configuration. 

4.2.1 Dimensional Synthesis: 

 The main goal of dimensional synthesis is to ascertain the essential dimensions and 

beginning location of a predetermined mechanism for a particular purpose. The 

phrase "major or primary dimensions" refers to the connection lengths.  

 Dimensional synthesis is used to define the size and starting point of a mechanism 

for a particular purpose. These are referred to as "major or fundamental dimensions."
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 An input link (drive crank) angle relative to a fixed link or frame, or the linear 

distance of a sliding block from a point in its guide link, is often used to determine 

the beginning configuration or position. 

 Slider cranks, four-bar linkages, cams with flat followers, and more complex 

mechanisms are examples of mechanisms that may predict their topological structure 

but not their size. 

 Function generation. 

 Generation of trajectory. 

 Generation of movement.   

4.2.2  Generation of Function for RSSR-SS Mechanism. 

When creating a function-generating mechanism, it is necessary to correlate the rotational 

movement of the incoming and outgoing connections; this leads to a predictable output in 

response to a known input. 

The establishment of a system in which the input and output are connected. When the input 

moves x, the output moves y = f (x) across an interval. 

 x0 ≤ x ≤ xn+1 (54) 

The independent parameters, x1, x2, x3…xn, correspond to precision points. p1, p2... pn  

 In the function y = f (x) in a range of x between x and y, Xn+1. 

When the input and output are rotated in the same direction (Figure 4.1), the degrees of 

rotation are equivalent to the x and y coordinates. The movement of the connections inside 

a function generator concerning one another. The link connects to and is driven by the 

Actuator link's movement and the tracer point while creating the tracer point's trajectory. 
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Figure 4. 1 Analogy between linear displacement and angle of rotation 

 

 x =  |𝑥𝑛+1 − 𝑥0| (55) 

 

 y =  |𝑦𝑛+1 − 𝑦0| (56) 

 

  = |𝒏+𝟏 − 𝟎| (57) 

 

  = |
𝒏+𝟏

− 
𝟎
| (58) 

 

Since there is a direct link between angular and linear changes, we have the following:: 

 
θi − θj

xi − xj
=

∆θ

∆x
 (59) 
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Where i is the reference level for j   and therefore, 1 = 0 so from above equation we obtain 

 θj =
∆θ

∆x
 (xi − xj) (60) 

 

 
j
=

∆

∆y
 (yi − yj) (61) 

Mechanisms or linkages cannot produce an arbitrary function without making errors. They 

can only match the function in certain places called precision points. 

4.2.3 Trajectory Generation of RSSR-SS Mechanism 

As previously shown, the mechanisms may be described by using vectors to represent the 

connections. The numerous vector combinations reflect possible resolutions for the 

dimensional synthesis. One of these algorithms conducts dimensional synthesis using dyads; 

vector pairs. Dyads are used to represent alternative configurations of the four-bar 

connection seen in Figure 4.2 

When developing the three-dimensional synthesis of a mechanism that generates trajectory, 

a coupling link's point must follow a specific trajectory with regard to a set reference frame. 

Figure 4.2 illustrates a four-link flat mechanism represented by vectors. 

A pair of vectors describe the link's left side (Ca and Da), whereas the link's right side is 

modeled by a pair of vectors (Cb and Db). 

Additionally, it indicates the location of an arbitrary point (P) that goes from position 1 to 

position j; these points are referred to as precision points. j indicates the vector between P1 

and Pj. As a result, j = Pj- P1. The angle of the vector Da is denoted by αj. It begins with the 

first place and ends with the jth. j is the angle formed by the vector Ca between its first and 

jth positions. 
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Figure 4. 2 Generation of trajectory 

Two vectors, Ca and Cb, begin at the ground pivot and conclude at the mobile pivot; the other 

two, Da and Db, start at the mobile pivot and end at the tracer point. 

Assuming the first and jth locations of Figure 4.2 left side RS Dyad, the vectors Ca and Da to 

the positions of Precision points P1 and with the angular rotation αj and βj are considered. 

The left dyad's circuit closure equation is: 

 𝐶𝑎𝑒(𝑗+ 1) + 𝐷𝑎𝑒(𝛼𝑗+ 𝛼1) − 𝐶𝑎𝑒1 − 𝐷1𝑒
𝛼1 − 𝑃𝑗 + 𝑃1 = 0 (62) 

Using the identity of Euler and separating the real part from the imaginary, we obtain the 

Following design equations: 

 
𝐶𝑎𝑐𝑜𝑠(𝑗 + 1) + 𝐷𝑎𝑐𝑜𝑠(𝛼𝑗 + 𝛼1) − 𝐶𝑎cos (1) − 𝐷𝑎cos (𝛼1) − 𝑃𝑗𝑥 − 𝑃1𝑥

= 0 
(63) 

 

 
𝐶𝑎𝑠𝑖𝑛(𝑗 + 1) + 𝐷𝑎𝑠𝑖𝑛(𝛼𝑗 + 𝛼1) − 𝐶𝑎sin (1) − 𝐷𝑎sin (𝛼1) − 𝑃𝑗𝑦 − 𝑃1𝑦

= 0 
(64) 

 

As shown in Figure 4.3, Cb and Db form a right dyad of the mechanism. The Cb 

originates in a pivot of earth and finishes in the movable pivot. The Cd terminates in the 

tracer point of the trajectory. 
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 The angle of the initial location of the vector Db is 1. 

 The angle formed by the vector Cb at its initial location is given by 1. 

 The angle between the first and jth positions of the vector Cb is given by j.. 

 

Figure 4. 3 Right-hand movement of a RSSR-SS mechanism (RS Dyad) 

The circuit closure equation for the right dyad is: 

 Cae
(j+ 1)

+ Dae
(αj+ α1) − Cae

1 − D1e
α1 − Pj + P1 = 0 (65) 

 

For the left RS dyad and the right RS dyad, the real part of the imaginary and the following 

design equations are obtained:  

 
Cacos (

j
+ 

1
) + Dacos(αj + α1) − Cacos (

1
) − Dacos (α1) − Pjx − P1x

= 0 

(66) 

 

 
Casin (

j
+ 

1
) + Dasin(αj + α1) − Casin (

1
) − Dasin (α1) − Pjy − P1y

= 0 

(67) 
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Solving the above equation in MatLab Trajectory precision point can be obtained. (MatLab 

Program is given in Appendix-A) 

4.2.4 Generation of movement or rigid body conduction. 

The necessary condition for this sort of assignment is the guidance of the whole body 

via a sequence of precise points. Dimensional synthesis for rigid body conduction entails 

determining the dimensions of the mechanism that moves an item along with a desired or 

defined route with the assistance of the coupling bar. The design equations allow the 

determination of the dimensions of connections, which are used to derive in the same manner 

as the equations for trajectory creation. Adapting a mechanism to achieve the desired 

movement is called kinematic synthesis. Three distinct kinds of kinematic synthesis exist in 

the development of functions. Coordination of the angular orientations of the connections in 

a mechanism is needed to make it work. Four bars are a popular method. In this case, the 

synthesis challenge is to figure out how big the articulated link mechanism needs to be to 

connect the input and output angles in a certain way. Trajectory generation: this job involves 

a system for orienting a point (referred to as a "tracer point") along a specified trajectory. 

Coordinate the route taken by the point with the path taken by the input link in this sort of 

work.  

In other words, the tracer point must be at specific points along its path for certain 

input angle values. Body conduction: this job entails guiding the whole body through a 

predefined series of movements. 

4.3 Algorithm for Synthesis of RSSR-SS mechanism. 

The MatLab Programme below demonstrates the idea of tracing and tracking the 

trajectory and motion of distinct precision points for RS and SS dyads (Figure 4.4). The 

following is the general method used in computer applications to generate numerical 

examples: This is a common misunderstanding. 
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Figure 4. 4 Algorithm for Synthesis of RSSR-SS mechanism 

 

When equations for both dyads are solved, the dimensions and angles of the links 

needed to meet each mandated point are found. These values are shown in Table 4.1 

Parameters derived from MatLab (Appendix- A) for different angles of rotation (and) 

of the RSSR-SS mechanism to produce a trajectory. 

Table 4.1 Position coordinate and rotational Angle  = 30o to 110o and  = 20o to 40o  

Result 

output vs 

Position 

coordinate 

2, 3, 4   30,60,90  35,65,95 40,70,100 45,75,105 50,80,110 

Initial 

Value  
2= 20, 3=40, 4=60  (Degree Constant for all Iteration) 

a0x  0 -4.988288 -0.205765 4.026228 3.6441 -5.309136 

a0y  0 0.348761 1.593844 0.005307 0.172684 0.32027 

a0z  0 -0.615409 -1.144754 -0.150975 -0.44475 2.590143 

ua0x     -0.036847 -0.694565 0.368129 0.294511 -0.695768 

ua0y    0.702146 0.700595 0.03497 0.087536 0.253839 
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ua0z    0.711078 0.163544 -0.929116 -0.95163 0.671917 

a1x  2 -11.259805 -1.466 1.743238 1.579185 -6.579188 

a1y  2 0.421926 0.099877 -0.032308 0.080546 -0.333295 

a1z  15 -1.012632 -0.097022 -1.056945 -1.092276 1.521912 

b0x  10 9.68052 9.038423 8.440348 6.441801 0.564966 

b0y 0 2.494384 -0.139675 4.600354 3.815114 1.623867 

b0z  0 6.724426 -10.7021 -4.482694 -3.571897 -8.114204 

ub0x    0.31228 0.651692 0.920997 0.934503 0.944044 

ub0y    0.858542 -0.554255 0.189263 0.148298 -0.226438 

ub0z    -0.406679 0.517783 -0.340506 -0.323592 -0.239806 

b1x  6 -0.800509 0.604052 11.159579 8.626718 2.43907 

b1y  2 2.622936 -0.237034 6.487843 4.875887 0.283312 

b1z  15 -1.052321 -0.190652 3.921361 3.224084 0.529415 

c0x  5 9.958357 8.307167 10.790852 9.262165 8.742447 

c0y  10 4.104719 3.833293 5.734676 5.117178 4.203265 

c0z 0 -5.343012 -4.508682 -5.706654 -5.018377 -4.47861 

c1x  5 10.255506 9.815527 16.639828 15.603353 9.213483 

c1y  10 10.408083 8.661771 10.442331 9.885465 6.835408 

c1z 15 16.372031 13.504477 6.675825 7.317028 7.854185 

f2 20 3.971719 -4.059998 -23.561917 -23.342979 -8.266477 

f3 40 0.991381 -9.054024 -58.958303 -58.294471 -18.014374 

f4 60 -4.270711 -13.47062 -88.24115 -86.534302 -24.927592 

q2 30 30.895578 21.619954 25.532286 27.809385 74.106552 

q3 60 51.193896 47.754851 47.602982 51.278177 121.533051 

q4 90 67.986744 70.021225 71.65928 77.633463 154.181887 

 

Table 4.2 Position coordinate and rotational Angle  = 30o to 90o and  = 20o to 80o  

Result 

output vs 

Position 

coordinate 

2,3,4  20,40,60 25,45,65 30, 50,70 35, 55,75 40,60,80 

Initial 

Value  
 constant for 30,60,90 degree 

a0x  0 -4.988288 -6.851733 -4.817058 -5.50188 0.265426 

a0y  0 0.348761 1.230423 3.432468 -2.99079 2.02212 

a0z  0 -0.615409 2.044295 3.432141 -2.489553 -1.115682 

ua0x   -  -0.036847 -0.481558 0.250759 -0.288174 -0.901152 

ua0y  -  0.702146 0.493561 -0.241169 0.501414 0.324326 

ua0z  -  0.711078 0.724223 0.937527 -0.816082 0.287642 

a1x  2 -11.259805 -11.715396 1.926059 -1.585287 0.34611 

a1y  2 0.421926 -0.447236 -0.968 2.493772 0.538996 

a1z  15 -1.012632 -0.04637 0.496597 -0.502007 0.809363 

b0x  10 9.68052 0.377792 7.16905 4.005198 8.937456 

b0y 0 2.494384 2.021737 -0.481449 11.602887 2.83846 

b0z  0 6.724426 -0.756428 -10.805066 -13.014689 -12.912047 

ub0x  - 0.31228 0.591247 0.985234 0.484065 -0.534098 

ub0y   - 0.858542 0.78625 0.040228 0.573425 0.825261 

ub0z   - -0.406679 -0.179549 0.166417 0.660786 -0.183528 

b1x  6 -0.800509 -0.215833 5.247533 -0.655512 -0.653497 
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b1y  2 2.622936 2.177751 0.779384 2.269664 -0.669143 

b1z  15 -1.052321 -2.028017 0.266047 -1.503342 -0.773176 

c0x  5 9.958357 10.05287 2.514012 4.43141 12.161615 

c0y  10 4.104719 3.669428 3.591509 1.013589 4.215146 

c0z 0 -5.343012 -5.158309 -2.590053 -6.861287 -4.860446 

c1x  5 10.255506 4.322185 12.394037 0.689531 3.767153 

c1y  10 10.408083 7.756852 7.927978 -0.037045 4.247766 

c1z 15 16.372031 14.313843 2.137155 0.616271 4.964809 

f2 20 3.971719 37.179422 -10.189398 0.016139 3.132258 

f3 40 0.991381 9.394514 -19.294964 0.013247 7.453454 

f4 60 -4.270711 -49.740721 -24.889594 3.79731 12.15109 

q2 30 30.895578 37.41315 8.917467 0.028347 21.454049 

q3 60 51.193896 60.617876 20.38797 0.032024 51.677824 

q4 90 67.986744 76.405392 31.030859 7.196206 74.819425 

  

Table 4.3 Position coordinate and rotational Angle  = 20o to 80o and  = 30o to 110o  

Result 

output vs 

Position 

coordinate 

2,3,4  30,60,90 35,65,95 40,70,100 45,75,105 50,80,110, 

Initial Value  
20,40,60 25,45,65  30,50,70 35,55,75 40,60,80, 

t1 t2 t3 t4 t5 

a0x  0 -4.988288 -4.058129 -5.428375 -6.398713 -6.416638 

a0y  0 0.348761 0.742025 3.76144 2.716735 0.047271 

a0z  0 -0.615409 -0.215288 2.880591 6.933774 2.985141 

ua0x   -  -0.036847 -0.170234 0.071572 0.410879 -0.729248 

ua0y  -  0.702146 0.728042 -0.43377 -0.567109 0.136507 

ua0z   - 0.711078 0.66406 0.898176 0.713838 0.670495 

a1x  2 -11.259805 -8.15018 0.553871 0.771231 -8.077438 

a1y  2 0.421926 0.253496 -1.148947 -1.058938 -1.018702 

a1z  15 -1.012632 -0.728701 0.032437 -0.192767 1.395835 

b0x  10 9.68052 15.567993 7.109142 6.758395 -3.630824 

b0y 0 2.494384 -11.963365 3.99101 3.807881 5.38685 

b0z  0 6.724426 -3.076335 -3.939183 -3.805398 -5.290704 

ub0x  -  0.31228 -0.204857 0.927577 0.930991 0.689737 

ub0y   - 0.858542 -0.462803 0.149238 0.141036 -0.175042 

ub0z   - -0.406679 0.862466 -0.342533 -0.336697 -0.702583 

b1x  6 -0.800509 -0.167937 9.681689 9.1763 0.464994 

b1y  2 2.622936 -0.636871 5.486497 5.088589 -0.418961 

b1z  15 -1.052321 -0.736161 3.678816 3.416744 0.176693 

c0x  5 9.958357 2.034249 7.935278 8.868174 8.353642 

c0y  10 4.104719 1.819098 4.976815 5.225073 3.707408 

c0z 0 -5.343012 -1.836008 -4.40457 -4.78005 -4.495799 

c1x  5 10.255506 0.203335 14.159887 14.369729 8.329052 

c1y  10 10.408083 -0.4268 8.774323 8.957344 8.260953 

c1z 15 16.372031 11.459035 5.289033 5.459526 13.879158 

f2 20 3.971719 -2.613168 -22.830224 -23.014759 -6.316639 

f3 40 0.991381 -6.004957 -57.211208 -57.331209 -14.953645 

f4 60 -4.270711 -9.810505 -85.665149 -85.191207 -22.241398 

q2 30 30.895578 33.846986 7.68344 5.790439 62.028228 
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q3 60 51.193896 56.649734 18.527681 13.636892 104.510218 

q4 90 67.986744 76.164654 29.188641 21.51882 133.061499 

 

4.4 Kinematic Singularities and Jacobian in Parallel 

Manipulator 

4.4.1 Kinematic Singularities 

 When attempting to operate a manipulator in Cartesian space, we may encounter 

challenges due to the inverse mapping from Cartesian space to joint space. 

Singularities are used to describe the robot's problematic locations. 

 At a singularity, a manipulator's movement is restricted. Typically, the manipulator's 

arbitrary motion in a Cartesian direction is lost. It is referred to as "Losing a Degree 

of Freedom" (DOF). 

 Boundary Singularities are affectionately referred to as "workspace 

singularities"[51]. They are often induced by fully extending a joint and requiring 

the manipulator to travel beyond its maximum range of motion. Typically, this entails 

reaching outside of the workplace to its farthest extent. 

 Singularities (also known as joint space singularities) are caused by an incorrect 

alignment of the robot's axes in space. For instance, if two axes become aligned in 

space, the rotation may be canceled out by the counter-rotation of the other, leaving 

the position of the real joint unknown. Additionally, they may be caused by particular 

kinematic alignments unique to each manipulator. 

 At a joint space singularity, the infinite inverse kinematic solutions are possible. 

 Modified Cartesian movements may require infinite joint velocities, posing a 

dilemma at the singularity of joint space. 

 Determine the robot's unique locations by examining the Jacobian matrix of the 

manipulator. 

4.4.2  Jacobian in RSSR-SS Parallel Manipulator 

The proposed technique utilizes a matrix to estimate the Jacobian method for real-

time implementation of the kinematics and dynamics of complicated planar or spatial robots 

whose structures vary. 



Chapter: 4                                                                        Synthesis of RSSR-SS Mechanism 

 

59 
 

A Jacobian analysis was used to get an equation using differentiated inverse 

kinematic relations[37]. The complete Jacobian analysis can be used to figure out the virtual 

joint connectivity for parallel manipulators with two end-effectors and high dynamic 

performance. It can be done under certain conditions[52].  

 [
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The present study examines the Jacobian matrix of an RSSR-SS manipulator (parallel 

mechanisms), which typically fluctuates in response to the moving platform in the 

workspace. It deduces motion characteristics for the suggested constant Jacobian matrix. 

Three-unit vectors u, v, and w are defined parallel to u-, v-, and w-axes of the moving 

coordinate frame T. As a result of this, the rotation matrix,  

 R = Rz,λRy,ϕRx,θ = [

ux vx wx

uy vy wy

uz vz wz

] (70) 

Derive Inverse position analysis and end effector with Jacobian.  

 
q̇ = Jẋ 

Where J = J
−1Jx is overall Jacobian matrix. 

(71) 

 Jx = [
Jxa

Jxc
] , Jρ = [

Jρa

Jρc
] , δρ =  (

δρa

δρc
) (72) 

 

Jx is   (f + ∑ (6 − ni
1
i=1 ) × 6) matrix and 

 J is   (∑ (6 − ni
1
i=1 ) + f )  ×  (∑ (6 − ni

1
i=1 ) + f ) diagonal matrix  

With J  no singular.  

And generalized Jacobean of parallel manipulators with  2 ≤  𝑓 ≤ 6 DOF  is 
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 J =  Jρ
−1Jx = [Ja

T Jc
T]T (73) 

To determine the mobility of parallel mechanisms, use vectors, reference frames, motion 

variables, and degrees of freedom (DOFs). The relationship between the number of degrees 

of freedom of a moving platform and its output speed is examined.  

A simple parallel technique for calculating the degree of freedom 

 [
JA −JB 0
JA 0 −JC

] Q̇ = 0 (74) 

JA, JB, and JC are the Jacobian matrices of chains A, B, and C. The primary disadvantages 

are the computation of Jacobian matrices and mobility. 

With the help of symbolic partial derivation, new metrics are made that solve and speed up 

some of the most time-consuming tasks in the MatLab Program (Appendix – I, J, &K). 

4.5 Dimensional synthesis for the mechanism with Kinematic pairs RSSR-

SS. 

Kinematic synthesis is developing a machine capable of performing a specific task. 

Typically, kinematic synthesis involves three steps: function generation, trajectory 

generation, and movement generation. As mentioned in Chapter 3, only the mechanism 

necessary to create the RSSR-SS trajectory will be synthesized here. This mechanism 

consists of five links, one fixed in place while the other four are moveable. RSSR is a critical 

process for function generation and has been extensively studied. By using RSSR-SS 

topology, the floating link problem of the mechanism must be solved. It suggests making a 

trajectory and driving a rigid body with the coupling bar. 

Dimensional synthesis is a subset of kinematic synthesis that requires defining the lengths 

(dimensions) of the connections that make up a mechanism capable of accomplishing the 

required movements[53].  

The procedure is shown in Figure 4.5, and the location of an arbitrary point p moves between 

positions 1 and j. It is demonstrated by p1 and pj; these locations are referred to as a point of 

precision or said of another. 

We're looking for the examined mechanism to accomplish or fulfill these objectives. 
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Figure 4. 5 Space mechanism with RSSR-SS pairs 

These sections will be connected to the magnitudes of the links displayed in Figure 4.6. The 

RSSR-SS mechanism is dimensionally synthesized. 

 

Figure 4. 6 Circuit connecting the precision points to the C1 link 
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 (Cj) + (Dj) − C1 − D1 = Pj − P1 (75) 

In which Cj and Dj represent the rotated vectors C1 and D1: 

The composite rotation matrix (Eq. 9) enables the vector's coordinates to be transformed into 

the xyz system. It is used to represent the composite rotation matrix produced by the matrix 

product. 

Multi-Loop spatial linkages are frequently preferred over single-loop spatial linkages 

because they have a greater capacity to carry loads. Additionally, the number of joints in 

Multi-Loop spatial linkages is greater than that of single-loop spatial linkages. So, they are 

preferable in synthesis cases where many points or positions have been prescribed. 

Three operating conditions for a multi-loop spatial linkage have been studied in this chapter 

to determine the cylinder's general displacement and angular location (RS and SS Dyads). 

 Anyone Cylinder extended (see Table 4.4, 4.5 & 4.6) 

 Any Two-Cylinder Extended (see Table 4.7,4.8,& 4.9) 

 All Cylinder Extended (see Table 4.10) 

And the measuring Angular Position 1,  and 3 for Cylinder 1, 2 and 3 respectively. The 

reading data and the MatLab result have been given in chapter No. 8 for the motion 

generation synthesis of this linkage. The total time required for expanding of the cylinder 

with respect to Length of expansion is shown in table 4.11 

Figure 4.5 illustrates the RSSR-SS relationship. MatLab was used to solve all nonlinear 

equations generated by the synthesis processes in this thesis. Changing the program's 

convergence tolerance allows you to fine-tune the correctness of the output. 

In light of the exponential rotation matrix equations found in Chapter 3. It can be concluded 

that the loop closure equations the motion generation synthesis techniques may be used to 

synthesize all spatial linkage with lower kinematic pairings. 

When generic motion equations have been stated according to a systematic standard, they 

may be simply implemented into computer systems. The loop closure equations provided in 

the thesis have been simplified to the greatest extent feasible by using the algebra of 

exponential rotation matrices. Simplicity methods were assisted by these qualities, which 

made working with matrix equations easier.  
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Table 4.4 Cylinder Extension position VS Angle 1, 2 and 3 position for Only One Cylinder X1 

 No of 

reading 

Cylinder Extension position in 

mm 

 
Angle 

position 

for 

Cylinder 

1  

 
Angle 

position 

for 

Cylinder 

2 

 
Angle 

position 

for 

Cylinder 

3 

Top Plate 

Movement 

Angle  X1 X2 X3 

1 0 CLOSE CLOSE 20 63 37 119 

2 25 CLOSE CLOSE 19.8 66.5 35.3 120 

3 50 CLOSE CLOSE 22.5 67.3 34.8 126.5 

4 75 CLOSE CLOSE 25 68.4 33.9 133.5 

5 100 CLOSE CLOSE 29.3 69.1 33.9 144.6 

6 125 CLOSE CLOSE 34.8 69.4 34.1 154.3 

7 150 CLOSE CLOSE 40 69.2 34.1 167 

8 175 CLOSE CLOSE 48.5 69.1 33.9 177.6 

9 200 CLOSE CLOSE 57.1 69.7 35.1 196.6 

10 225 CLOSE CLOSE 63.5 65.7 39.7 208.3 

11 250 CLOSE CLOSE 68.4 67.9 57.4 216.4 

 

Table 4.5 Cylinder Extension position VS Angle 1, 2 and 3 position for Only One Cylinder X2 

 No of 

reading 

Cylinder Extension position in 

mm 

1 

Angle 

position 

for 

Cylinder 

1  

2 

Angle 

position 

for 

Cylinder 

2 

3 

Angle 

position 

for 

Cylinder 

3 

Top Plate 

Movement 

Angle  X1 X2 X3 

1 CLOSE 0 CLOSE 14.9 65.2 37.8 125 

2 CLOSE 25 CLOSE 18.2 69.2 39.8 121.8 

3 CLOSE 50 CLOSE 22.2 71.3 43.1 125.7 

4 CLOSE 75 CLOSE 27 72.4 46.6 131.8 

5 CLOSE 100 CLOSE 32.1 75.1 51.6 144.7 

6 CLOSE 125 CLOSE 40 77.1 55.6 149 

7 CLOSE 150 CLOSE 43 78.5 59.2 134 

8 CLOSE 175 CLOSE 47.6 80.6 63.3 128.5 

9 CLOSE 200 CLOSE 50.6 83.3 65.7 130.3 

10 CLOSE 225 CLOSE 52.8 86.3 69.7 124.2 

11 CLOSE 250 CLOSE 56.2 88.6 71.5 116.7 

 

Table 4.6 Cylinder Extension position VS Angle 1, 2 and 3 position for Only One Cylinder X3 

 No of 

reading 

Cylinder Extension position 

in mm 

1  

Angle  

position 

for 

Cylinder 

1  

2 

Angle  

position 

for 

Cylinder 

2 

3 

 Angle  

position 

for 

Cylinder 

3 

Top Plate 

Movement 

Angle  X1 X2 X3 

1 CLOSE CLOSE 0 18.4 64.7 38.5 120.7 

2 CLOSE CLOSE 25 15.8 63.1 37.4 116.3 
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3 CLOSE CLOSE 50 14.5 61.8 36 113.7 

4 CLOSE CLOSE 75 13.6 61.4 35.5 111.1 

5 CLOSE CLOSE 100 13.6 60.9 34.6 112.3 

6 CLOSE CLOSE 125 14 60.4 34.6 116.5 

7 CLOSE CLOSE 150 14.4 60.6 34.6 119 

8 CLOSE CLOSE 175 15 60.4 34.3 121.5 

9 CLOSE CLOSE 200 15.6 60.7 34.6 111.4 

10 CLOSE CLOSE 225 15.6 61 34.5 119.5 

11 CLOSE CLOSE 250 16.2 60.4 34.5 125 

 

Table 4.7 Cylinder Extension position VS Angle 1, 2 and 3 position for Only One Cylinder X1 & X2 

 No of 

reading 

Cylinder Extension position in 

mm 

1 

Angle  

position 

for 

Cylinder 

1  

2  

Angle  

position 

for 

Cylinder 

2 

3 

Angle  

position 

for 

Cylinder 

3 

Top Plate 

Movement 

Angle  X1 X2 X3 

1 0 0 CLOSE 14 65 34.5 103 

2 25 25 CLOSE 16.7 69.4 34.9 113.5 

3 50 50 CLOSE 21.2 70.5 35.2 112 

4 75 75 CLOSE 23.9 75 35.4 109.4 

5 100 100 CLOSE 26.8 79.3 35.9 108.6 

6 125 125 CLOSE 30.7 83.1 36.5 115.2 

7 150 150 CLOSE 35.2 85.9 39.3 111 

8 175 175 CLOSE 38.5 89.3 40.4 113.1 

9 200 200 CLOSE 43.2 96.3 40.2 110.1 

10 225 225 CLOSE 48.4 100.1 43 108.4 

11 250 250 CLOSE 52.7 103.3 44.7 106.3 

 

Table 4.8 Cylinder Extension position VS Angle 1, 2 and 3 position for Only One Cylinder X2 & X3 

 No of 

reading 

Cylinder Extension position in 

mm 

  
Angle  

position 

for 

Cylinder 

1  

  
Angle  

position 

for 

Cylinder 

2 

  
Angle  

position 

for 

Cylinder 

3 

Top Plate 

Movement 

Angle  X1 X2 X3 

1 CLOSE 0 0 14.4 65 33.6 105.2 

2 CLOSE 25 25 14.9 64.6 36.8 116 

3 CLOSE 50 50 18.2 65.5 38.3 107.3 

4 CLOSE 75 75 21.1 66.4 40.3 102.1 

5 CLOSE 100 100 32.7 68.1 41.3 92.5 

6 CLOSE 125 125 27.7 68.1 44.7 90.8 

7 CLOSE 150 150 31.8 68.4 48.1 93.3 

8 CLOSE 175 175 35.2 70.4 50.7 96.1 

9 CLOSE 200 200 38.4 71.3 54.6 99.4 
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10 CLOSE 225 225 43.2 73 59.3 104.2 

11 CLOSE 250 250 49.9 75.3 65.2 108.7 

 

 Table 4.9 Cylinder Extension position VS Angle 1, 2 and 3 position for Only One Cylinder X1 & X3 

 No of 

reading 

Cylinder Extension position 

in mm 

  
Angle  

position 

for 

Cylinder 

1  

  
Angle  

position 

for 

Cylinder 

2 

  
Angle  

position 

for 

Cylinder 

3 

Top Plate 

Movement 

Angle  X1 X2 X3 

1 0 CLOSE 0 14.2 64.6 34.3 101.2 

2 25 CLOSE 25 16.6 63.3 34.3 116.9 

3 50 CLOSE 50 18.4 61.5 34.4 126.1 

4 75 CLOSE 75 20.1 60.9 34.1 133 

5 100 CLOSE 100 21.3 60.2 34.2 138.8 

6 125 CLOSE 125 22.6 60.5 34.1 143.1 

7 150 CLOSE 150 23.8 60.2 33.9 147.8 

8 175 CLOSE 175 24.8 59.8 33.9 151.2 

9 200 CLOSE 200 25.7 60.4 34.2 155.7 

10 225 CLOSE 225 26.4 59.8 34.1 158.2 

11 250 CLOSE 250 27.3 60.3 33.9 161.3 

 

Table 4.10 Cylinder Extension position VS Angle 1, 2 and 3 position for Only One Cylinder  

X1, X2 & X3 

 No of 

reading 

Cylinder Extension position 

in mm 

 Angle  

position 

for 

Cylinder 

1  

 Angle  

position 

for 

Cylinder 

2 

 Angle  

position 

 for 

Cylinder 

3 

Top Plate 

Movement 

Angle  X1 X2 X3 

1 0 0 0 13.6 63.6 34.1 101.4 

2 25 25 25 16.6 65.7 34.6 105.1 

3 50 50 50 19.4 69.1 34.4 105.4 

4 75 75 75 21.7 70.7 34.5 109.4 

5 100 100 100 24.2 70.3 34.8 111 

6 125 125 125 26.2 71.8 35.4 113.3 

7 150 150 150 28.1 73.2 35.7 119.3 

8 175 175 175 30 73 36.5 117.1 

9 200 200 200 31.9 73.6 38.8 120.8 

10 225 225 225 33.5 73.9 39.1 121.3 

11 250 250 250 34.7 74.2 39.9 124.1 
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Table 4.11 Cylinder Extension Time   

Stroke Length No. of 

Cylinder 

Rise Time 

(Second) 

Return time 

(Second) 

250 X1 55.57 56.87 

250 X2 56.76 55.51 

250 X3 56.96 57.08 

  

The kinematic synthesis techniques are proposed for all spatial mechanisms, but gears, cams, 

and followers cannot be used. MatLab adapts the equations and synthesis procedures to work 

with all forms of spatial tools, including those composed of higher kinematic pairings. 

 The algebra of Jacobian matrixes an efficient and elegant mathematical tool for simplifying 

matrix equations resulting from kinematic analysis and synthesis. It has been applied to the 

analysis of robot manipulators; there is an absence of work on its application to the analysis 

or synthesis of spatial mechanisms. By using this valuable algebra to solve more spatial 

mechanism analysis and synthesis problems, other mechanism designers might be tempted 

to use this algebra, too.
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CHAPTER 5 

Simulation of RSSR-SS Spatial Mechanism 

5.1 Introduction  

This chapter discusses the dynamic characterization and trajectory tracking control of the 

RSSR-SS manipulator using MatLab software. The modeling approach for determining the 

RSSR-SS manipulator's dynamic properties has been explained. Additionally, it examines 

the production of and monitoring of RSSR-SS manipulator trajectory using Proportional 

Integral Derivative (PID) control. Additionally, it offers an overview of the numerical 

techniques used in this study to solve differential equations, reflecting the dynamic and 

control problems associated with robot manipulators. MatLab is used for dynamic analysis 

and trajectory control with the real-time simulation of robot manipulators. 

5.2 Approaches to modelling  

Dynamic models are mathematical equations that depict the system's entire dynamics. Both 

partial and ordinary differential equations represent the dynamic behavior of a flexible 

manipulator. The flexible manipulator model presented in the literature has been constructed 

using the following modeling methodologies[40]. 

 Lagrange's equation is a great place to start when solving complex problems. 

 Modal expansion with the Euler-Newton equation 

 Finite element approach with the Euler-Newton equation 

 Frequency-domain and singular perturbation methods

5.3 MatLab Simulation  

Predicting the behavior of a system may be done using MatLab simulation software. 

Analyze the performance of a system under extreme circumstances, such as a spacecraft 

orbiting in outer space using MatLab simulation software[42]&[54]. 
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 Algorithms can be implemented and tested. 

 Computational codes may be thoroughly developed. 

 Debug with ease 

 Employ an extensive repository of pre-programmed algorithms. 

 Create simulation films and process still photos with ease. 

 Simply stated, symbolic computation is a straightforward process. 

 External libraries may be called. 

 Analyze and visualize a large amount of data. 

 Create a graphical user interface for a Programme. 

5.4 The RSSR-SS Platform's specifications. 

RSSR-SS Platform is a famous example of a position-control mechanical design. It is 

a parallel mechanism comprised of a rigid body top plate, or mobile plate, coupled to a fixed 

base plate by at least three stationary locations on the grounded base attached to three 

separate kinematic legs. The three legs are typically connected to the base plate and top plate 

through parallel Rotary and universal joints situated at both ends of each leg. The legs have 

an adjustable upper and lower body, allowing for variable leg lengths. 

The moveable Platform's location and orientation are adjustable in accordance with 

the lengths of the three legs. The RSSR-SS Platform allows for two DOF positioning of the 

Platform. In general, the top plate is triangular. It rotates 60 degrees relative to the bottom 

plate, enabling all legs to separate equally. Each leg freely moves close to the others. 

5.5 Design and Simulation of RSSR-SS Manipulator 

To properly mimic the motion of an RSSR-SS platform, a dynamic model based on 

the system characteristics assumed and the desired control method must be built. One typical 

technique is to calculate the RSSR-SS Platform’s correctly simulate the RSSR-SS Platform 

in MatLab/Simulink by Math Works. This section has tools for making mechanical models 

with bodies, joints, coordinate systems, and rules. (See Figure 5.1) 

SimMechanics blocks connected to Simulink blocks include no mechanical, multi-

domain effects into mechanical simulations. This add-on works with Math Works main 

control domain and code generation tools. It lets you design and test controllers using a 

high-level model of the mechanical systems[55]. 
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Figure 5. 1 RSSR-SS Mechanism CAD Model  

 

SimMechanics was chosen for this work because of its strong connection with 

Simulink, enabling the quick development of control algorithms and auto-code generation 

for real-time control implementation. 

The SimMechanics model for the RSSR-SS Platform is a variant of the model. The 

RSSR-SS Platform’s top plate, base plate, and line actuators as distinct bodies in Figure 5.1. 

The Linear Actuator comprises a top and bottom component coupled with idealized 

universal joints and Rotary joints to the top and bottom platforms. In the SimMechanics 

model, each link has motion restrictions put on it. This means that each link can only move 

in two directions at a time. 
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5.6 Position matrix for Three Lag Actuator 

 

Figure 5. 2  RSSR-SS Position matrix Model for RSSR-SS Manipulator  

 

Using SimMechanics, construct the RSSR-SS model. The RSSR-SS manipulator's 

mechanical components include a top plate, a bottom plate, and three legs that link the top 

and bottom plates. Two degrees of freedom are inherent in the total system. Each leg 

subsystem is composed of two components joined by a cylindrical joint. In an RS Dyad, a 

universal joint connects the upper body to the top plate. In contrast, the lower body is 

connected to the base plate via a second rotatory joint. At the same time, a universal joint 

connects both ends of the SS dyad. 

SimMechanics body blocks were used to create the model, including stiff bodies for 

the base plate, top plate, and upper and lower legs. Then, using SimMechanics Joint blocks, 

link the bodies together[56]. 

The RSSR-SS manipulator is linearly actuated by adjusting the lengths of its legs. To 

move the linear actuator, it uses a Joint Actuator block from the Sensor & Actuators Library 

in SimMechanics. 

This joint actuator controls the cylindrical joint's translational degree of freedom. 

(There are no constraints on the rotational degree of freedom.) Rather than actuating using 

displacement, a force signal will be generated and employed. As a result, we can construct 

a more accurate model of the RSSR-SS Platform. 

It may construct three instances of the RSSR-SS Platform model's legs by establishing 

a library subsystem for the leg component. Now attach each of the joints that link with the 
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upper half of each of the three legs to a single body block that will serve as our top plate. 

This part of the RSSR-SS Platform model is called the "plant." It will get inputs for the top 

plate to move and force position and velocity data. 

5.7 Force calculation 

The task at hand was to devise a technique for actuating the RSSR-SS Platform's three-

legged forces to place the movable plate along a particular trajectory appropriately. The 

moveable plate's intended location and orientation concerning the stationary base plate are 

described. The three-leg forces serve as inputs to the plant, while the lengths and velocities 

of the three legs serve as outputs. They must develop a control technique and design that 

will cause the top plate to go along the desired path. It is done by moving the three-leg 

forces, measuring leg lengths and velocities, and reading the desired path. 

Historically, a popular method for building the RSSR-SS Platform's controller 

involved manipulating sophisticated equations that described the physical components 

necessary to solve the mechanical equations. (See Figure 5.3). 

 

 

Figure 5. 3 Force feedback model  
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 5.7.1 Force Feedback system  

Create a SimMechanics model based on the requirement. RSSR-SS Platform's 

mechanical components include a top plate, a bottom plate, and three legs that link the top 

plate to the bottom plate. The upper body connects to the movable top plate by a universal 

joint in both RS joints. A second rotatory joint connects the lower body to the base plate. In 

an SS joint, the upper body is connected to the movable top plate by a universal joint. In 

contrast, the bottom body is connected to the base plate via another universal joint. 

Create stiff bodies for the base plate, top plate, and upper and lower legs using 

SimMechanics Body blocks. Then, using SimMechanics Joint blocks, join the bodies 

together. 

When developing the physical model for the RSSR-SS Platform, it is necessary to 

specify attachment points concerning an inertial frame. Then define this using a ground 

block from SimMechanics' Bodies Library. The ground block serves as a fixed position for 

system components to be attached. (See Figure 5.3) 

 

 

Figure 5. 4 Feed Back PID Controller for RSSR-SS for RSSR-SS Manipulator 

 

MatLab is used to compute the needed forces for each actuator based on the moving 

platform's projected trajectory. The RSSR-SS mechanism is dynamically simulated with and 

without the lower leg's inertial influence. The dynamic simulation results indicate that it is 

critical to consider the influence of the leg's lower portion inertia when obtaining more 

precise results. MatLab/Simulink is used to operate the RSSR-SS Platform via PID. 
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Simulink's block diagram is determined using Simulink's transfer function. Finally, it is also 

used to validate the control system that has been designed. 

 5.7.2 Input Parameter for Force calculation 

The RSSR-SS Platform's legs are constructed by connecting the ground block to the 

universal joint block and then to a body block to make the bottom leg. Add another body 

block to represent the upper leg after that. Then, using a cylindrical joint block, they link 

the lower leg to the higher leg, allowing the whole leg to vary its length with one 

translational and one rotational degree of freedom. After that, connect another Universal 

Joint block to the upper leg body block, which will eventually be linked to the top plate. 

 

Figure 5. 5 Force Input Model 

 

The RSSR-SS Platform's linear actuation is performed by altering the leg lengths. To 

move the legs, utilize the Joint Actuator block from SimMechanics' Sensor & Actuators 

Library. This joint actuator regulates the translation of cylindrical joint & Rotational degree 

of freedom. It provides angular and linear displacement in X, Y, &Z directions (See figure 

5.5). (The degree of freedom in the rotation is unbounded.) Rather than employing 

displacement for actuation, a force signal will be generated and employed. It permits the 

creation of a more realistic model of the RSSR-SS Platform, in which force may be applied 

between the upper and lower legs through liner actuators. In addition, a Joint Sensor block 
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from the Sensors & Actuators Library is used to measure the length of the leg. It allows the 

controller to figure out the position and speed of the leg. 

 

Figure 5. 6 Force control model for RSSR-SS manipulator 

 

We can construct three instances of the legs in our RSSR-SS Platform model by 

establishing a library subsystem for the leg component (See Figure 5.6). Now attach each 

of the joints linked to the upper half of each of the three legs to the top plate's body block. 

It is the plant section of our RSSR-SS Platform model. It can move the top plate and measure 

force, position, and velocity. 

5.8 RSSR-SS Platform with controller 

 Developing a simple low-level controller based on the standard PID architecture. (See 

Figure 5.4). It receives two inputs: the current leg position and velocity and the intended leg 

position. The leg trajectory subsystem does not generate leg velocities, but a more elaborate 

one might. Build a positional error and generate a force depending on the gain and integral 

of the positional error. It provides velocity feedback by creating more complex low-level 

controls after linearizing around an equilibrium point. (See figure 5.7). 
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Figure 5. 7 Leg Trajectory and Force controller for RSSR_SS Platform  

5.9 Simulation Parameter & Results 

The parameter used in the simulation of the RSSR-SS manipulator is given. The initial 

position of each actuator concerning rotational angle is shown in table 5.1. 

Table 5.1. Simulation Parameters 

 X1 X2 X3 
Theta 

 () 1 

Theta 

 () 2 

Theta 

 () 3 
Plate Angle 

1 0 0 0 13.6 63.6 34.1 101.4 

2 25 25 25 16.6 65.7 34.6 105.1 

3 50 50 50 19.4 69.1 34.4 105.4 

4 75 75 75 21.7 70.7 34.5 109.4 

5 100 100 100 24.2 70.3 34.8 111 

6 125 125 125 26.2 71.8 35.4 113.3 

7 150 150 150 28.1 73.2 35.7 119.3 

8 175 175 175 30 73 36.5 117.1 

9 200 200 200 31.9 73.6 38.8 120.8 

10 225 225 225 33.5 73.9 39.1 121.3 

11 250 250 250 34.7 74.2 39.9 124.1 

 

The simulation was run for 5 seconds with the parameters set to their default levels. The 

first step is to provide the control system with the final position of the top plate. It is the 
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intended higher top plate location. The desired position, which would be in the matrix 

format, is the desired matrix. 

The required matrix is a mixture of position and rotational matrices. 

Position matrix for Baseplate 

 𝑎 =  
2.99714 2.99714 −1.38524

−0.13085 0.13085 2.66103
0 0 0

     
−1.611897 −1.611898 −1.38524
2.53017 −2.53017 −2.66103

0 0 0
 (75) 

 

Position matrix for Top plate 

 a =  
0.64278 0.64278 0.34202

−0.76604 0.76604 0.93969
2 2 2

     
−0.9848 −0.9848 0.34202
0.17364 −0.17364 −0.93969

2 2 2
 (76) 

       

Matrix multiply is formed when the rotating matrix is multiplied by the top plate 

coordinates. Accelerometer synchronizes with PLC Modbus to MatLab to create a Top plate 

coordinate. 

Rotation matrix parameter for Lag/Acutator-1 

 = 
−0.26047 0.26047 −0.70589
0.96547 0.96547 −0.70832

0 0 0
     

−0.96636 0.96636 0.70589
−0.25715 −0.25715 −0.70832

0 0 0
 (77) 

   

Rotation matrix parameter for Lag/Acutator-2 

 = 
−0.61226 −0.61226 0.44918
−0.16518 0.16518 −0.44764
−0.77320 −0.77320 −0.77320

     
0.16307 0.16307 0.44918

−0.61282 0.61282 0.44764
−0.77321 −0.77320 −0.77320

 (78) 

 

The position matrix's matrix of multiply product was added and removed from the 

base plate coordinates. The encoder generates base plate coordinates. Leg/Actuator vectors 

are the names given to the output. 

 Leg Vector =  
0.19883 −0.7472 0.63415
0.19883 0.7472 0.63415
0.54767 0.54579 0.63415

    (79) 

 

As a result, the Actuator vectors and nominal Leg lengths are used to calculate Leg 

lengths block. 
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 Leg lengths = 3.1538006 3.1538006 3.1538006 (80) 

5.10 Summary  

We can verify the design after modeling our system using Simulink and 

SimMechanics. Using the scope block, we may examine signals during the simulation. The 

first plot figure5.8 in scope depicts the x, y, and z values of the location of the body block, 

representing the top plate as the model simulates it moving over time. The second figure, 

5.9, illustrates the disparity between the target leg lengths computed in the Leg Trajectory 

subsystem and the actual leg lengths as they change over time. The third figure, 5.10, depicts 

the force applied to each leg during the simulation. 

The ultimate position of the Platform has been provided as an input parameter for 

simulation. The amount of time (to) takes to get to the end place. Time-dependent sinusoidal 

input parameters are applied to the specified location and orientation, causing the input 

velocity to grow sinusoidal from zero to maximum velocity. Figure 5.8 depicts sinusoidal 

input utilized to shift the Platform from its beginning to final position. 

Figure 5.10 depicts the input force vs. time graph, with the first reaction to force input 

being more pronounced due to joint friction in the universal joint. When the applied force 

exceeds the joint friction, this is referred to as static friction. 

The RSSR-SS Platform begins to follow the input force. Similarly, beginning velocity 

is more significant, as seen in figure 5.10, which starts the Platform with a jolt and then 

advances to its ultimate position. Figure 5.9 indicates a percentage inaccuracy of about 0.02, 

which is expected. 

 

 

Figure 5. 8 Time dependent sinusoidal input 
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Figure 5. 9 Dynamic Error VS Time 

 

Figure 5. 10 Input force VS Time 

 

The Newton–Euler technique was used to create the RSSR-SS platform manipulator. 

An algorithm was developed using MatLab methods. Two D.O.F. RSSR-SS platform 

manipulators with prismatic actuators were dynamically analyzed. The stiffness model's 

conclusions were confirmed to be valid and implementable. The model was monitored and 

demonstrated to produce accurate results by varying the position and direction of the moving 

platform. The changes in Leg/ Actuator length and the accompanying actuator deformations 

were also investigated and determined within the workspace. 

The results of this experiment may be utilized to obtain critical design information 

regarding the stiffness of the RSSR-SS Platform with rigidity control.
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 CHAPTER 6 

Model Development & Experimental Setup 

6.1 Introduction 

The RSSR-SS platform's moving plate with the necessary motion, all connections at 

the joints are bonded relationships with the flexibility seen in Rotary and Universal joints. 

This chapter discusses the fabrication of the different components, construction of the 

model, and experimental setup. Each item is meticulously crafted using a variety of 

processes. Solid Works software is used in this chapter to model several parts and assemble 

the RSSR-SS platform model. Each component is well-designed. Additionally, the modal 

analysis demonstrated how the spring reacts dynamically. To determine the optimal 

Universal joint profile, the RSSR-SS platform's assembly and complete model are built in 

the Solid Works application using unique assembly techniques. Numerous connections have 

been established in the Solid Works application to see the top plate's motion. All connections 

at the joints are bonded connections and Universal joints to give the appropriate motion to 

the RSSR-SS platform's moving plate. All components are manufactured with extreme 

precision employing a variety of procedures.  

6.2 Model Fabrication and Material Selection  

In previous chapters, kinematic modelling of the RSSR-SS platform was used to 

study and evaluate a number of modelling factors. This section generated all of the model's 

components integrated to create a solid model of the RSSR-SS platform using the Solid 

Works programme. Fabrication of the RSSR-SS platform entails material selection and 

various machining techniques.  

The materials used for any engineering implementation should have enough 

mechanical strength. Mechanical strength refers to a material's capacity to sustain lodes or 

forces created in engineering structures during operation. When choosing a material for a
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component, the following factors come into play: the quality and cost of the material, how 

it will be processed, and how it will affect the environment. 

Material selection is essential to determine which material is best for the job. It is 

cheap, easy to get, has a good surface finish when machined, and isn't affected by the 

environment where it will be used. Mild steel is a material that can be used in many different 

ways. The structure includes steel material in the form of profiles that may be customized. 

This category comprises MS Channel, MS Beam, MS Angle, T Angle, and Unequal Angle 

solutions. Exceptional mechanical qualities include strength, chemical composition, and 

metallurgical requirements. 

6.3 Fabrication process flow chart 

Each machine or building component requires a unique set of machining procedures. 

Following material selection, the following step is to build all components with precise 

dimensioning and good surface finishing. The manufacturing process is shown in Figure 

6.1, while the assembled model of the prototype RSSR-SS platform is depicted. 

 

Figure 6. 1 Model Fabrication Flow Chart 
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6.4 Fabrication Detail 

 The fundamental concept of the designed RSSR-SS Manipulator for a laboratory 

model is constructed. The following is a list of the model's sub-assemblies/parts. 

 Linear Actuator/Lag  (3a/3b/3c) 

 Drive member (2a/2b/2c),  

 Universal joint  (5a/5b/5c/5d)),  

 Sensor mounting plate (4a/4b/4c),  

 Top platform (8), (Figure 6.2) 

 Universal joint (5a/5b/5c),  (Figure 6.4) 

 “U” shape round bar (7)  

 Bottom platform (1) (Figure 6.3) 

 Bottom Support bracket for Rotary Joint (9) 

Figures 6.5, 6.6 & 6.7 contain the assembly picture and component list. MS 'C' 

Section is used to create a bottom plate supporting structure. 75mm x 40mm x 5mm channel 

and MS Plate 40 mm x 5 mm create a bottom plate supporting structure. The channel and 

MS plate were sized and welded together to construct the current manipulator's distinct 

construction. To give rotating motion to assembly, provisions are provided for mounting a 

stepper motor. Additionally, a condition is built to support the universal joint. 

 

Figure 6. 2 Top Plate of RSSR-SS Manipulator  
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Figure 6. 3 Bottom Plate of RSSR-SS Manipulator  

 

 

 

Figure 6. 4 Universal Joint for Spherical Movement 
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Figure 6. 5 Assembly Drawing of RSSR-SS Manipulator 

 

Figure 6. 6 Assembly 3D Drawing of RSSR-SS Manipulator 
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Figure 6. 7 Assembly drawing with Dimension of RSSR-SS Manipulator  

6.5 Design of Control penal 

They compel the replacement of outdated equipment command schemes by rapidly 

expanding the use of programmable automation due to its high quality and operational 

correctness, as well as its favourable price/quality ratio. Due to its programming capabilities 

may be utilized with any process and does not provide any particular training challenges for 

service employees. 
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Main components of Control penal  

 Transformers (SMPS) (with following Specification) 

 Output  24 V 

 Brand   Lubi 

 Modal  LESA120D24 

 Input   100-240 VAC 

 Frequency  50-60 Hz 

 Circuit Breakers 

 Terminal Blocks 

 Relays 

 Brand    Shavison Relay  

 Module    AS355-24V-N-S-OE,  

 Contact Configuration  1C/O,  

 No. of channels  8 Channel,  

 Nominal Coil Voltage  24VDC Coil,  

 Relay Make   OEN Relay, 

 Other specification  Reverse Blocking Diode, Socket  

Mounted Relay,  

 Ordering Information  VE Looped Coils, 

 Contact Rating:   24VDC / 230VAC, 5A 

 Contactors 

 Fuses 

 PLC-Programmable Logic Controller (with following specification) 

 Output Type  Analog 

 Brand   Delta 

 Power   24 V DC 

 Current   0.5 A 

 MPA Points:   14(8DI + 6DO) 

 Program capacity  8k steps 

 COM port:   RS-232 & RS 485 compatible with Modbus 

ASCII/ RTU protocol 

 Switches (Operator Pushbutton) 

 Grounding Panels  
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The usage of PLCs provides a variety of advantages, the most prominent of which 

is time and cost savings. In general, every application needing electric Control necessitates 

using a programmable logic controller (PLC). The Programmable Logic Controller (PLC) 

is a critical component of automation and robotics. The image illustrates the design and 

construction of an RSSR-SS manipulator control system based on a Programmable Logic 

Controller (PLC). The RSSR-SS manipulator with a two-degree-of-freedom manipulator is 

an optimized kinematic chain for high-performance applications. The control software is 

developed entirely on a commercial PLC system, using the system's standard programming 

tools and multi-tasking capabilities. In MatLab, the ISPSoft programming tools are used to 

simulate PLCs. It is a communication management application that facilitates the 

construction and administration of Delta PLC communication links. Using the COMMGR 

driver, the RS485 port establishes communication between the Delta PLC and the CPU.  

 

Figure 6. 8 Top View of Control Panel for RSSR-SS Manipulator 

 

Figure 6. 9 Delta PLC DVP-14SS2 with extension port DVP-16SP in Control Panel  
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Figure 6. 10 8-Channel relay board (Module) with wiring in Control Panel  

 

 

Figure 6. 11 8-Channel relay board in Control Panel  
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Figure 6. 12 Control Panel with detail wiring with Delta PLC DVP-14SS2 with extension port DVP-16SP  
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Figure 6.8 illustrates the top view of the main control panel, which has a Delta PLC 

DVP-14SS2 with an extension DVP-16Sp (figure 6.9). Figures 6.10 and 6.11 show the 

wiring of an eight-channel relay for communication with a PLC. Detailed wiring of the 

component PLC, Relay board, SMPS, and control switches are shown in figure 6.12. 

6.7 Sensor used for feedback RSSR-SS manipulator   

The RSSR-SS manipulator's feedback system is primarily composed of two sensors. 

(1) Potentiometer (2) Accelerometer, both connected to the Arduino UNO board. 

6.7.1 Potentiometer 

 A potentiometer is a resistor that may be changed from one end to the other. Over it, 

there is a total force of resistance. For example, the wiper of a 10K potentiometer 

moves from end to end, covering a distance of 10K ohms. 

 This adjustable or variable resistor is mounted and has three connections. Changing 

the setting causes the voltage to fluctuate between the two terminals. (See Figure 

6.13) 

 When a circuit calls for varying voltages, variable resistors come into play. 

 Electrical properties may be altered by using potentiometers. Simply turning the 

knob on these three-terminal devices may change the resistance from 0 to 10k ohms. 

 

Figure 6. 13 Potentiometer mounting as rotary encoder at Cylinder rotary end with Arduino connection  
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 Using a rotary encoder instead of a potentiometer is the best option since it can be 

turned in the same direction for a very long time. A potentiometer, on the other hand, 

usually turns one complete revolution. The best-resolution models, on the other 

hand, turn 10 times. 

 The output signal is an Analog signal with a +5 volts direct current operating voltage. 

 It has a top adjustment type with a 10K ohm resistance value. The shaft has knurled 

edges with single linear (Type B). 

6.7.2 Accelerometer sensor with Arduino  

Accelerometers may be used to detect vibration in automobiles, equipment, structures, 

industrial Control, and safety installations. Additionally, they may be utilized to detect 

seismic activity, tilt, machine motion, dynamic distance, and speed with or without regard 

for gravity. 

 
Figure 6. 14 Accelerometer sensor mounting on RSSR-SS Top plate with Arduino  

 

 Simulink Support Package for Arduino Hardware enables building and simulating 

algorithms that run independently on Arduino. The Arduino Uno board is powered 

through USB or an external power source. 

 The accelerometer is attached to the top plate of the RSSR-SS Manipulator (Figure 

6.2) and communicates with the Arduino UNO board. MatLab establishes 

communication and feedback using the Arduino software. (Appendix-M)M) 



Chapter: 6                                                           Model Development & Experimental Setup 
 

 

91 
 

6.7.3 Technical Specification for accelerometer  

 Axis    : X, Y, Z. 

 Bandwidth   : 1.6 kHz - XY, 550Hz - Z. 

 Interface   : Analog. 

 Mounting Type  : Surface Mount. 

 Package / Case  : 16-LQFN Exposed Pad, CSP. 

 Sensitivity   : 57mV/g ~ 300mV/g. 

 Supplier Device Package : 16-LFCSP-LQ (4x4). 

 Voltage – Supply  : 1.8 V ~ 3.6 V. 

 Dimension   :4mm x 4mm x 1.45mm 

 Operating Current  :350μA (typical)
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CHAPTER 7 

Interfacing of Experimental Setup with MatLab 

7.1 Introduction  

This chapter covers the interfacing of the experimental setup with MatLab using 

Modbus servers. Modbus connects and operates a PLC, transfers data, and reads bulk 

memory from a controller. Configuring a Connection in the Modbus Explorer allows 

communication with a PLC's read inputs and holding registers. Create a MatLab script using 

Modbus Explorer and execute it through the Instrument Control Toolbox's Modbus 

capabilities. Communication in Real-Time The connection between MatLab and the PLC 

was accomplished via MODBUS communication to MatLab through ISPSoft for the Delta 

PLC models DVP-14SS2 and Ex. DVP-16SP. ISPSoft supports Delta's programmable logic 

controllers (PLCs) that match the requirements for project management integration. Delta's 

self-developed function blocks simplify the process of meeting a wide range of control 

requirements. ISPSoft's development environment is efficient and user-friendly, making it 

suitable for small and sophisticated control systems. 

A potentiometer-based control scheme for parallel robot rotary actuators s designed 

and demonstrated on two cylinders. For creating control programmers, Arduino is utilized. 

The displacement of the RSSR-SS platform was determined using an accelerometer sensor. 

7.2 PLC and its Configuration  

Rather than that, Programmable Logic Controllers (PLCs) are a class of control 

devices that dominate industrial automation due to their durability, low cost, and simplicity 

of use. Electronic components used in PLCs are chosen for their dependability and strong 

brand instead of their performance. As a result, PLCs are sometimes referred to as low-level 

systems since their primary function regulates essential Boolean signals. With discrete 

control and sequencing, it monitors and operates security and soundness. 
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Modern PLCs often have the computing power to do complex math and write their 

programming languages. 

PLC devices are widely used in contemporary industrial production for all robotic 

operations. A PLC Programme determines the degree of automation. Processes may be 

represented and controlled by a set of PLC commands. Thus, the PLC program is now an 

integral part of contemporary production. Inefficiencies in the generation of control codes 

in a manufacturing facility may result in significant downtime and ramp-up periods. Here 

DVP -14 SS2 Delta PLC issued with port extension DVP-16SP (Shown in Figure 7.1). 

 

 

Figure 7. 1 DVP-14 SS2 with Port extension DVP-16SP 

7.3 Introduction of ISPSoft  

ISPSoft is a software development tool for developing applications for Delta's new 

generation of programmable logic controllers. Along with standard programming features, 

ISPSoft has a plethora of supplementary tools. The bilingual environment and pleasant user 

interface can provide a fast and straightforward development environment for bookmark 

creation, network activation and deactivation, device and symbol management, and 

simulation. 
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7.4 Introduction of COMMGR for Communication 

This new Programme incorporates a number of innovative capabilities, such as ISPSoft. It 

is a communication port manager intended to assist programmers with their daily tasks. 

Additionally, it will recognize the computer's several connection gateways and allow you to 

enable/disable them as needed. 

 7.4.1 COMMGR's Initialization 

COMMGR is a next-generation communication management application created in 2011 by 

Delta Electronics, Inc. It acts as a link between the Delta software and the hardware. 

Through the operation of COMMGR, communication is made more accessible and more 

efficient. With the aid of a USB converter RS485 adaptor, convert a USB port to an RS-485 

port for short-range data transfer, such as parameter adjustments for a programmable logic 

controller and I/O data monitoring.  

 7.4.2 Operating Mode of COMMGR 

The communication parameters created and specified in advance on the management 

list in COMMGR are referred to as the "driver." COMMGR is used to start or stop a driver. 

When the driver is launched, it connects to ISPSoft automatically. 

Additionally, to ISPSoft, communication with hardware through COMMGR may 

occur concurrently. COMMGR processes all communication commands automatically and 

connects software to hardware. The new ISPSoft software is entirely compatible with all 

Delta PLC series. It can be used with a wide range of Delta PLC controllers with a wide 

range of features. 

7.5 Creating Connection between ISPSoft and COMMGR 

Once a driver is built and activated in COMMGR, it is assigned and used by ISPSoft. 

Once the Configuration is complete, a link between ISPSoft and COMMGR is established. 

Each function needs an allocated communication for project setup, including 

communication cables to link PLC servers and communication ports designated to those 

cables. 
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Figure 7. 2 ISPSoft to hardware communication path 

PLC of the DVP-14SS2 Utilizes Delta communication to link a computer to a PLC host 

through the RS485 port configuration in the COMMGR driver type.  

7.6 Algorithm for Integrating PLC to ISPSoft  

 
Figure 7. 3 Algorithm for PLC to ISPSoft Communication  



Chapter: 7                                                     Interfacing of Experimental Setup with MatLab 

 

 

96 
 

7.7 Modbus Protocol for Simulink MatLab 

Use Modbus compatibility in Simulink to exchange data with external Modbus-

enabled devices and systems through your control algorithms and simulation models[57]. It 

communicates with programmable logic controllers, grid protection relays, inverters, and 

sensors[47]. 

Modbus is a communication protocol used in the industrial automation and power 

system fields. Modbus communication may be achieved via specialized I/O modules and 

native interfaces. Simulink driver blocks encapsulate all of the protocol's characteristics. 

Modbus is a protocol for open communication that uses a client-server architecture[58]. 

Matlab is capable of enormous compute power and sophisticated control strategy 

skills. One of the primary benefits of PLCs is their robustness and dependability, which are 

required for operational stability[45]. Communication, monitoring, and control between a 

PLC and Matlab may bring significant computational capacity, control techniques, and a 

method for doing efficient data analysis through a Modbus server using 

Matlab/Simulink[59]. Modbus communication between the PLC and Matlab allows real-

time access to data. It creates a wide range of complex control schemes to improve the 

manipulator's performance[60]. 

7.8 Modbus RS232 ASCII Communication Functions 

Matlab communicates with a Programmable Logic Controller (PLC) utilizing the ASCII 

Modbus protocol via an RS-485 serial port. 

Modbus basic communication protocols 

 LRC.m – Check Longitudinal Redundancy (Appendix-C)  

 serialstart.m - initializes and configures a serial object (Appendix-H) 

 moderr.m - Modbus error code display function (Appendix-G) 

 modbus3.m - reads 16 positive integers (registers) from the PLC (Appendix-D) 

 modbus15.m - transmit to PLC 40 binary values (coils) (Appendix-E) 

 modbus16.m - Program that writes 16 positive integers (registers) to the PLC. 

(Appendix-F) 

The first step is to establish a serial communication connection between the PLC and the 

serialstart.m file. The Eaton PLC serial communication ladder logic diagram is presented. 
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When a serial cable is used to communicate with many PLCs, each PLC has a unique 

address, which may be used to identify each PLC. It will be '01' in the vast majority of 

single-PLC applications[61]. Modbus Address tables s given in Appendix-L.  

Select the memory location in the PLC to be used. It means the first 16 or 40 memory 

locations will be addressed sequentially, dependent on the Modbus mode, which is the 

beginning address value. In the case of memory 04351, the address is "10FF," which is 

represented as a hexadecimal value. If desired, feedback is obtained from a serial port via 

the Modbus interface. 

Redundancy checks are performed on every communication; in addition, data is 

examined for correctness to ensure it has been received back from PLC and that the mode 

returned is accurate. As a failsafe, moderr.m will try to identify the error code in the 

returning mode. The application will try many times if a communication issue occurs. (The 

Modbus essential communication all above protocols code are in Appendix- C to H) 

7.9 The Programming design structure for control, 

communication with feedback  

An algorithm for Programmable logic controllers with Modbus RS-485 ASCII serial 

communications (PLC) is given in figure 7.4. Appendix-M offers the final MatLab program 

with all Communication protocols (PLC / Modbus/ Arduino/ Processing 4.0 and ISPSoft). 

Simulink Support Package for Arduino Hardware enables building and simulating 

algorithms that run independently on Arduino to get feedback from potentiometer and 

Accelerometer. The Arduino Uno board is powered through USB or an external power 

source.  

A potentiometer-based control method for parallel robot rotary actuators is 

developed and validated on two cylinders[47]. Arduino is used to developing control 

programs (see Appendix- N). The RSSR-SS platform's movement was detected using an 

accelerometer.  
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Figure 7. 4 Algorithm for communication with Control and Feedback in MatLab  

7.10 Connecting Arduino to Processing 

Processing is an excellent tool for developing visuals. The Arduino IDE is 

compatible with the Processing IDE. The structure of Processing IDE is similar to the 

Arduino. It features setup and draws operations. Serial connectivity will connect the 

Arduino IDE with the Processing IDE. It communicates data between the Arduino and the 
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Processing IDE; The Processing IDE comes with a serial library that simplifies 

communication with the Arduino[46]. 

The Arduino sends a value between 0 and 255 to the Processing IDE when the 

potentiometer knob is moved. The Processing IDE will then adjust the color of the serial 

display in response to the potentiometer knob's movement. The graphic output is also 

obtained from the Accelerometer on the same principle[55]. 

 7.10.1 Code for Processing 

The Processing IDE will take data from the Arduino IDE through a serial 

connection[62]. It will color the serial window in response to the input. Additionally, it will 

output a "1" or a "0" based on the potentiometer and accelerometer movement. The 

Processing IDE has a serial library that enables interaction with the Arduino IDE. Appendix-

O contains the MatLab code for sensor feedback for plating graphs using processing 4.0[45].    
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CHAPTER 8 

Feedback and Validation of Experimental setup 

8.1 Introduction  

The kinematics of a robot manipulator is concerned with determining the analytical 

relationships between the actuated joints (input variables) and the position orientation of the 

manipulator (output variables). The kinematic equations link the input and output variables 

of the mechanism. The trajectory movement and placement concerning actuator length have 

been completed in this thesis area. The simulation graphs demonstrate the relationship 

between dynamic error and input force overtime. 

For the RSSR-SS manipulator, an effort was made to clearly show the impacts of 

various relationships for various angle positions. There was also a comparative examination 

of analytical methods and experiments. This information will be covered in the following 

parts. 

To evaluate the constructed model of RSSR-SS, Jacobian kinematic solutions were 

specified in closed form. Tests were undertaken to determine the locations of the link 

concerning the required degrees of tilt of the top platform. The output findings were 

compared to analytical and simulated results, and the kinematic investigation led to the 

following results. 

 This chapter uses MatLab to create a model with identical kinematic and dynamic 

properties. An Arduino is used to get feedback through potentiometer and an accelerometer 

that are implemented and executed on the top plate, as well as to determine the rotational 

moment of the cylinder.
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8.2 Kinematic analysis of RSSR-SS mechanism using MatLab 

Acceleration analysis must be undertaken at various cylinder positions before any 

mechanism synthesis study. As a result, the current research conducted position, velocity, 

and acceleration analyses utilizing Equation. 44, 45,48,49,52 &53. 

Table 4.4 to 4.11 contains complete parameters for the RSSR-SS Spatial Mechanism 

utilized in this work for analytical purposes. These requirements were chosen based on 

experimental data. 

The angular velocity of the RS Link & SS Link ground movement is shown in Figure. 

8.1 to 8.18 at different angular locations. The RSSR-SS mechanism's geometry was created 

in SolidWorks according to the different operating conditions and specifications listed in 

Table 4.1 to Table 4.6. All connections were specified as revolute joints and universal joints. 

The angular velocity of the cylinder and top plate was determined using a position on both 

links, as shown in Figures 8.1 to 8.18. MatLab Program (Appendix I, J & K) was used to 

determine the angular velocities of the cylinder (RS link) and the top plate. The force needed 

to run the mechanism is proportional to the transmission angle, acceleration, and reaction 

forces at the pin joints. 

The transmission angle of the difference between the locations of the RS link (Input), 

RS link (Output), and SS link concerning the ground link movement various transmission 

angles q and f at different link positions are shown in Fig. 8.1 to Fig. 8.18 
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Figure 8. 1 R- S Link-1 Ground movement w.r.t.  angle rotation (2 - 30o to 110o and  remain constant)  

 

 

 

 

Figure 8. 2 R- S Link-1 Ground movement w.r.t.  angle rotation (2 - 20o to 80o and   remain constant)  
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Figure 8. 3 R- S Link-1 Ground movement w.r.t.  angle rotation (2 - 30o to 110o and  remain constant)  

 

 

 

Figure 8. 4 R- S Link-1 Ground movement w.r.t.  angle rotation (2 - 20o to 80o and   remain constant)  



Chapter: 8                                                     Feedback and Validation of Experimental setup 

 

105 
 

 

 

Figure 8. 5 R- S Link-2 Ground movement w.r.t.  angle rotation (2 - 30o to 110o and  remain constant)  

 

 

 

Figure 8. 6 R- S Link2 Ground movement w.r.t.  angle rotation (2 - 20o to 80o and   remain constant)  
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Figure 8. 7 R- S Link-2 Ground movement w.r.t.  angle rotation (2 - 30o to 110o and  remain constant)  

 

 
 
 

Figure 8. 8 R- S Link-2 Ground movement w.r.t.  angle rotation (2 - 20o to 80o and   remain constant)  
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Figure 8. 9 S- S Link Ground movement w.r.t.  angle rotation (2 - 30o to 110o and  remain constant)  

 

 
 
 

Figure 8. 10 S - S Link Ground movement w.r.t.  angle rotation (2 - 20o to 80o and   remain constant)  
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Figure 8. 11 S - S Link Ground movement w.r.t.  angle rotation (2 - 30o to 110o and  remain constant)  

 

 
 
 

Figure 8. 12 S - S Link Ground movement w.r.t.  angle rotation (2 – 20o to 80o and   remain constant)  
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Figure 8. 13  R-S Link-1 Ground movement ( angle rotation) 

 

 
 
 

Figure 8. 14 R- S Link-2 Ground movement    angle rotation  
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Figure 8. 15 R- S Link-1 Ground movement    angle rotation 

 

 
 
 

Figure 8. 16 R- S Link-2 Ground movement    angle rotation with constant  
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Figure 8. 17 RSSR-SS Link movement w.r.t. to link-2 with varying  and  

  

 
 

 

Figure 8. 18 RSSR-SS Link movement w.r.t. to link-2 with varying  and    
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8.3 Experiment investigation of synthesis for RSSR-SS Manipulator 

using MatLab code  

The RS Link position is strongly impacted by movement of each link and the position 

of the top plate, which varies according to the complexity of the RSSR-SS manipulator. The 

acquired findings may also be easily understood by considering the motion of each link and 

the top plate position of the RSSR-SS manipulator, as illustrated in the experimental setup. 

Additionally, this research identifies the critical necessity of link and top plate stiffness for 

increased performance in industrial applications. 

As can be seen, the findings obtained using analytical and experimental approaches 

are fairly consistent. Apart from that, these findings demonstrate smooth cylinder movement 

in conjunction with various operating combinations. However, because of the impact of 

stiffness, slight discrepancies from experimental findings might be seen in the figures 8.19 

to 8.25 depicts a comparison of cylinder location along various operational combinations. 

MatLab Program is shown in appendix I,J & K for various condition.  

 

 

Figure 8. 19 Cylinder 1 (X1) displacement trajectory vs. angle of rotation 
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Figure 8. 20 Cylinder 2 (X2) displacement trajectory vs. angle of rotation 

 

 
 

Figure 8. 21 Cylinder3 (X3) displacement trajectory vs. angle of rotation 
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Figure 8. 22 Cylinder 1 & 2 (X1 & X2) displacement trajectory vs. angle of rotation 

 

 

Figure 8. 23 Cylinder 1 & 3 (X1 & X3) displacement trajectory vs. angle of rotation 
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Figure 8. 24 Cylinder 1 & 2 (X2 & X3) displacement trajectory vs. angle of rotation 

 

 

 

Figure 8. 25 Cylinder 1, 2 & 3 (X1, X2 & X3) displacement trajectory vs. angle of rotation 
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8.4 Experimental investigation of the RSSR-SS Mechanism  

This section describes feedback received by Arduino, a popular platform for 

prototyping. MatLab Programme (Appendix- M) communicate with all sub program and 

cods. Interfacing Arduino with MATLAB is exciting since it allows for the control of a very 

sophisticated device. The Arduino transmits serial data to Processing (in Processing) 

through a serial library. Through a serial connection to the Arduino, it can use data from 

many different sensors and run Processing 4.0 designs, which can then be used to make 

things. 

Potentiometers work as analogue sensors that can be used to figure out how far a 

machine moves in both directions simultaneously. 

For tilt angle determination, accelerometers are used as inertia sensors. This function 

can be safely performed when the platform is fixed and not moving. It is usually connected 

to one or more gyros to get an exact tilt angle. Then, the data can be used to figure out the 

angle. 

Arduino and Processing 4:0 can also be used in this study to get feedback and 

communicate with Matlab (Figures 8.26 to 8.67). They can also be used to make live graphs 

and communicate with Matlab.  

The angles for the first cylinder's RS dyad-input (q) and the second cylinder's RS 

days-output (f) are recoded in Processing 4.0 using Arduino. Similarly, the top plate location 

is computed in the X, Y, and Z directions. The graphs below show the properties of the 

RSSR-SS manipulator obtained from several iterations. 
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 8.4.1 Encoder position due to Extension of Cylinder 1  

 

Figure 8. 26 Encoder 1 & 2 position due to Extension of Cylinder 1 for single iteration  

 

Figure 8. 27 Encoder 1 & 2 position due to Extension of Cylinder 1 after 1171 iteration  
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 8.4.2 Table (Top Plate) position due to Extension of Cylinder 1  

 

Figure 8. 28 Top Plate position in X direction due to Extension of Cylinder 1 for single iteration  

 

 

Figure 8. 29 Top Plate position in Y direction due to Extension of Cylinder 1 for single iteration  

 

 

Figure 8. 30 Top Plate position in Z direction due to Extension of Cylinder 1 for single iteration  
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Figure 8. 31 Table (Top Plate) Final position in X, Y, Z direction due to Extension of Cylinder 1 after 1171 

iteration  
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 8.4.3 Encoder position due to Extension of Cylinder 2 

 

Figure 8. 32 Encoder 1 & 2 position due to Extension of Cylinder 2 for single iteration  

 

Figure 8. 33 Encoder 1 & 2 position due to Extension of Cylinder 1 after 735 iterations  
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 8.4.4 Table (Top Plate) position due to Extension of Cylinder 2 

 

Figure 8. 34 Top Plate position in X direction due to Extension of Cylinder 2 for single iteration  

 

Figure 8. 35 Top Plate position in Y direction due to Extension of Cylinder 2 for single iteration  

 

Figure 8. 36 Top Plate position in Z direction due to Extension of Cylinder 2 for single iteration  
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Figure 8. 37 Table (Top Plate) Final position in X, Y, Z direction due to Extension of Cylinder 2 after 735 

iterations  
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 8.4.5 Encoder position due to Extension of Cylinder 3 

 

Figure 8. 38 Encoder 1 & 2 position due to Extension of Cylinder 3 for single iteration  

 

Figure 8. 39 Encoder 1 & 2 position due to Extension of Cylinder 1 after 988 iterations 
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 8.4.6 Table (Top Plate) position due to Extension of Cylinder 3 

 

Figure 8. 40 Top Plate position in X direction due to Extension of Cylinder 3 for single iteration  

 

 

 

Figure 8. 41 Top Plate position in Y direction due to Extension of Cylinder 3 for single iteration  

 

 

 

Figure 8. 42 Top Plate position in Z direction due to Extension of Cylinder 3 for single iteration  
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Figure 8. 43 Table (Top Plate) Final position in X, Y, Z direction due to Extension of Cylinder 3 after 988 

iterations 
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 8.4.7 Encoder position due to Extension of Cylinder 1 & 2 

 

Figure 8. 44 Encoder 1 & 2 position due to Extension of Cylinder 1&2 for single iteration 

 

Figure 8. 45 Encoder 1 & 2 position due to Extension of Cylinder 1&2 after 710 iteration 
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 8.4.8 Table (Top Plate) position due to Extension of Cylinder 1&2 

 

Figure 8. 46 Top Plate position in X direction due to Extension of Cylinder 1&2 for single iteration  

 

Figure 8. 47 Top Plate position in Y direction due to Extension of Cylinder 1&2 for single iteration  

 

Figure 8. 48 Top Plate position in Z direction due to Extension of Cylinder 1&2 for single iteration  
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Figure 8. 49 Table (Top Plate) Final position in X, Y, Z direction due to Extension of Cylinder 1&2 after 710 

iterations 
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 8.4.9 Encoder position due to Extension of Cylinder 2 & 3 

 

Figure 8. 50 Encoder 1 & 2 position due to Extension of Cylinder 2&3 for single iteration 

 

Figure 8. 51 Encoder 1 & 2 position due to Extension of Cylinder 2&3 after 1045 iteration 
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 8.4.10 Table (Top Plate) position due to Extension of Cylinder 2&3 

 

 

Figure 8. 52 Top Plate position in X direction due to Extension of Cylinder 2&3 for single iteration  

 

 

 

Figure 8. 53 Top Plate position in Y direction due to Extension of Cylinder 2&3 for single iteration  

 

 

 

 

Figure 8. 54 Top Plate position in Z direction due to Extension of Cylinder 2&3 for single iteration  
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Figure 8. 55 Table (Top Plate) Final position in X, Y, Z direction due to Extension of Cylinder 2&3 after 

1045 iteration 
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 8.4.11 Encoder position due to Extension of Cylinder 1 & 3 

 

Figure 8. 56 Encoder 1 & 2 position due to Extension of Cylinder 1&3 for single iteration 

 

Figure 8. 57 Encoder 1 & 2 position due to Extension of Cylinder 1&3 after 1069 iteration 
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 8.4.12 Table (Top Plate) position due to Extension of Cylinder 1&3 

 

 

Figure 8. 58 Top Plate position in X direction due to Extension of Cylinder 1&3 for single iteration  

 

 

 

Figure 8. 59 Top Plate position in Y direction due to Extension of Cylinder 1&3 for single iteration  

 

 

 

Figure 8. 60 Top Plate position in Z direction due to Extension of Cylinder 1&3 for single iteration  
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Figure 8. 61 Table (Top Plate) Final position in X, Y, Z direction due to Extension of Cylinder 1&3 after 

1069 iteration 
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 8.4.13 Encoder position due to Extension of Cylinder 1, 2 & 3 

 

Figure 8. 62 Encoder 1 & 2 position due to Extension of Cylinder 1, 2 &3 for single iteration 

 

Figure 8. 63 Encoder 1 & 2 position due to Extension of Cylinder 1, 2 &3 after 480 iterations 
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 8.4.14 Table (Top Plate) position due to Extension of Cylinder 1,2 &3 

 

 

Figure 8. 64 Top Plate position in X direction due to Extension of Cylinder 1, 2 &3 for single iteration  

 

 

 

Figure 8. 65 Top Plate position in Y direction due to Extension of Cylinder 1, 2 &3 for single iteration  

 

 

 

 

Figure 8. 66 Top Plate position in Z direction due to Extension of Cylinder 1, 2 &3 for single iteration  
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Figure 8. 67 Table (Top Plate) Final position in X, Y, Z direction due to Extension of Cylinder 1, 2 &3 after 

480 iterations
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CHAPTER 9 

Conclusion and Future Scope 

9.1 Kinematic analyses 

This study concentrated on mathematical modeling and designing and implementing an 

RSSR-SS Manipulator's real-time control system. 

 Simulink® / SimMechanics® model accuracy is critical because it creates 

control systems. Additionally, Arduino and Processing 4.0 will assist us in 

obtaining real-time feedback in the form of a graphical depiction. 

 The friction at the joints and the rigidity of the components are overlooked. 

 The Jacobian kinematic solutions were used to evaluate the constructed model 

of RSSR-SS in the closed-form. Tests were undertaken to determine the 

locations of links concerning the required degrees of tilt of the top platform. 

The output compared to analytical and simulated results and the kinematic 

investigation led to the following conclusions. 

 Individual link actuation position analysis revealed that experimental findings 

were more consistent with software-simulated and analytical results. 

 It was discovered that the following parameters affected the output angles of 

the top platform's tilt and the limited nuts locations. 

 From the graph, Cylinder 1 extends at a rate of 4.5454 mm/sec during the first 

200 mm cylinder length Encoder 1 and moves at a rate of 0o-8o, then remains 

to expand at a rate of 10o-16o. The platform table remains stable during 

rotations of 0o-45o in the x-direction and 0o-32o in the y-direction Figures 

(8.26-8.31).
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 During the operation of cylinder-2, both encoders provide rotating motion in 

the range 0o-14o and an average stability angle of 7.5o after 735 iterations, 

indicating that the system is stable Figures (8.32 to 8.37). 

 The angle of variation for encoder-1 varies 2o-9o, and encoder-2 varies 4o-13o. 

The platform remains stable with an x-axis angle of 0o-8o and a y-axis angle 

of 4o-13o. During 988 iterations, stability increases by 0.4o to 7.6o Figures 

(8.38 to 8.43). 

9.1.1 Result of Cylinder 1 & 2  

 Encoder variation ranges from 4o to 9.6o during combined extension of 

cylinder 1 & 2  

 Platform table remains stable at 8o-22o in X direction and 9o-21o in Y direction 

after 710 iterations. Figures (8.44 to 8.49) 

9.1.2 Result of Cylinder 2 & 3  

 During the operation of cylinders 2 & 3, encoder-1 varies with 3o-13o, whereas 

encoder-2 gives variation from 4o-18o with stability. Also, the table platform 

gives a negative value in the X direction, indicating that it is sustainable and a 

deal between 2o and 28o in the y-direction. It is the outcome of 1045 iterations. 

Figures (8.51 to 8.55) 

9.1.3 Result of Cylinder 1 & 3  

 Similarly, after 1069 readings, the graph shows combining the extension of 

cylinder 1 and 3 encoders from 1.2o to 29.2o and encoder to give rotation with 

0o to 28o where the platform remains stable in both X and Y directions with 

0o-26o. Figures ( 8.56 to 8.61) 

9.1.4 Result of Cylinder 1, 2 & 3 

 After combining all three cylinders in extended positions, we get stability from 

1.2o to 3.6o. When the MatLab findings are compared to the experimental 
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results (for the x and y axes), a maximum divergence of 3.5 percent is seen. 

(Figures 8.62 to 8.67) 

 The suggested Manipulator is static and analyzed to evaluate the legs' stability 

and coordination. 

9.2 Simulation and Design Synthesis of RSSR-SS Mechanism 

 The simulation results demonstrate the efficacy of the proposed technique and 

the RSSR-SS Manipulator's dynamic equations and the effect of Leg/Actuator 

inertia and its components on the overall system's dynamics. 

 The Jacobian matrix and position vector techniques are used to generate 

kinematic equations. Dimensional synthesis is performed using the RSSR-SS 

derived kinematic equations by considering a range of beginning angles (=30°, 

=60°, and =90° to =50°, =80°, and =110° with a 5° increase in all angles). The 

findings indicate that the Platform table tilt is directly related to the starting 

angle between the RSSR-SS parallel Manipulator's connection and base 

platform. 

 The percentage difference between experimental and mathematical findings 

and between simulation and experimental results is no more than 5%. 

 The given synthesis findings might create a new generation of RSSR-SS type 

manipulators for industrial applications. According to the synthesis findings, 

the top platform's tilt angles rose as the cylinder Leg Length was raised. 

9.3 Scope for future study 

Dynamic analysis, mathematical stability, and stiffness must be modeled and verified 

to better product design. Which can be industrialization of this RSSR-SS type PM may 

be planned. 

 The inherent issue of vibration dampening is also perceived as a constraint on 

positioning accuracy. Vibration analysis is essential to determine the stiffness 

of PM connectors. 

 Work volumes may be determined by factoring in the vertical distance (Z 

Direction) the top adjustable platform increases. 
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 The Manipulator's design may be reduced by using linear motors rather than 

planar or servo motors. 

 The structural analysis completed using ANSYS may be compared to the 

stiffness equation developed to maximize the PM's performance in angular 

machining applications. 

 Efficient optimization algorithms may be used to optimize workspace for 

various setups to find out kinematic properties. 

 In the current study, Universal joints are utilized to link a platform with a large 

range of movement when the inaccuracy is larger than 5° with an operating 

angle between 3 and 45 degrees. The Universal Joint has an angular range 

between 90 and 270 degrees. However, the need for control in the Z axis, it is 

not suggested to use passive degrees of freedom for rotations that include the 

whole 360 degrees. 
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Appendix : B 

Assembly Drawing of RSSR-SS Mechanism 
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Appendix : C 

Delta PLC DVP 14SS2 simulation Diagram in ISPSoft for Hardware communication 
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Appendix C 

LRC Code for Modbus Communication in MatLab to PLC 
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Appendix D 

 Modbus 3 Code for communication for MatLab to PLC  

  

 



 

166 
 

 

Appendix E 

Modbus 15 Code for communication for MatLab to PLC 
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Appendix F 

Modbus 16 Code for communication for MatLab to PLC 
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Appendix G 

MODERR Code for communication for MatLab to PLC 
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Appendix H 

SERIALSTART Code for communication for MatLab to PLC 
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Appendix I 

Program for the calculation of synthesis for trajectory generation of the RSSR-SS 

mechanism (Any One Cylinder in Operating Condition) 
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Appendix J 

Program for the calculation of synthesis for trajectory generation of   the RSSR-SS 

mechanism (Any Two Cylinder in Operating Condition) 
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Appendix K 

Program for the Calculation of Synthesis for Trajectory Generation of   the RSSR-SS 

Mechanism (Three Cylinder in Operating Condition) 
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Appendix L 

Modbus Address Table of Delta DVP Series PLC 

 

Device Range Type 
DVP  

address 

 

(Hex) 

Modbus  

address 

 

(Dec) 

Effective 

ES/EX/SS SA/SX/SC EH 

S 000~255 bit 0000~00FF 000001~000256  

 

 

0~127 

 

 

 

0~1024 

 

 

 

0~1024 

S 256~511 bit 0100~01FF 000247~000512 

S 512~767 bit 0200~02FF 000513~000768 

S 768~1023 bit 0300~03FF 000769~001024 

X 000~377 bit 0400~04FF 101025~101208  

0~177 

 

0~177 

 

0~377 Y 000~377 bit 0500~05FF 001281~001536 

 

T 

 

000~255 

bit 0600~06FF 001537~001792  

0~127 

 

0~255 

 

0~255 Word 0600~06FF 401537~401792 

M 000~255 bit 0800~08FF 002049~002304  

 

 

 

 

0~1279 

 

 

 

 

 

0~4095 

 

 

 

 

 

0~4095 

M 256~511 bit 0900~09FF 002305~002560 

M 512~767 bit 0A00~0AFF 002561~002816 

M 768~1023 bit 0B00~0BFF 002817~003072 

M 1024~127

9 

bit 0C00~0CFF 003073~003328 

M 1280~153

5 

bit 0D00~0DFF 003329~003584 

M 1536~179

1 

bit B000~B0FF 045057~045312 
 

 

 

 

 

 

 

 

0~1279 

 

 

 

 

 

 

 

 

0~4095 

 

 

 

 

 

 

 

 

0~4095 

M 1792~204

7 

bit B100~B1FF 045313~045568 

M 2048~230

3 

bit B200~B2FF 045569~045824 

M 2304~255

9 

bit B300~B3FF 045825~046080 

M 2560~281

5 

bit B400~B4FF 046081~046636 

M 2816~307

1 

bit B500~B5FF 046637~046592 

M 3072~332

7 

bit B600~B6FF 046593~046848 

M 3328~358

3 

bit B700~B7FF 046849~047104 

M 3584~383

9 

bit B800~B8FF 047105~047360 

M 3840~409

5 

bit B900~B9FF 046361~047616 

 

 

 

C 

0~ 

 

199 

 

16-

bit 

bit 0E00~0EC7 003585~003784  

0~127 

 

0~199 

 

0~199 Word 0E00~0EC7 403585~403784 

 

200~

255 

 

32-

bit 

bit 0EC8~0EFF 003785~003840  

232~255 

 

200~255 

 

200~255 Dword 0EC8~0EFF 403785~403840 
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Device Range Type DVP address 

 

(Hex) 

Modbus 

 address 

 

(Dec) 

Effective 

ES/EX

/SS 

SA/SX/SC EH 

D 000~255 Word 1000~10FF 404097~404352 
 

 

 

 

 

 

 

 

 

 

 

 

0~131

1 

 

 

 

 

 

 

 

 

 

 

 

 

0~4999 

 

 

 

 

 

 

 

 

 

 

 

 

0~9999 

D 256~511 Word 1100~11FF 404353~404608 

D 512~767 Word 1200~12FF 404609~404864 

D 768~1023 Word 1300~13FF 404865~405120 

D 1024~1279 Word 1400~14FF 405121~405376 

D 1280~1535 Word 1500~15FF 405377~405632 

D 1536~1791 Word 1600~16FF 405633~405888 

D 1792~2047 Word 1700~17FF 405889~406144 

D 2048~2303 Word 1800~18FF 406145~406400 

D 2304~2559 Word 1900~19FF 406401~406656 

D 2560~2815 Word 1A00~1AFF 406657~406912 

D 2816~3071 Word 1B00~1BFF 406913~407168 

D 3072~3327 Word 1C00~1CFF 407169~407424 

D 3328~3583 Word 1D00~1DFF 407425~407680 

D 3584~3839 Word 1E00~1EFF 407681~407936 
 

 

 

 

 

 

 

 

 

 

 

 

0~131

1 

 

 

 

 

 

 

 

 

 

 

 

 

0~4999 

 

 

 

 

 

 

 

 

 

 

 

 

0~9999 

D 3840~4095 Word 1F00~1FFF 407937~408912 

D 4096~4351 Word 9000~90FF 408913~409168 

D 4352~4607 Word 9100~91FF 436865~437120 

D 4608~4863 Word 9200~92FF 437121~437376 

D 4864~5119 Word 9300~93FF 437377~437632 

D 5120~5375 Word 9400~94FF 437633~437888 

D 5376~5631 Word 9500~95FF 437889~438144 

D 5632~5887 Word 9600~96FF 438145~438400 

D 5888~6143 Word 9700~97FF 438401~438656 

D 6144~6399 Word 9800~98FF 438657~438912 

D 6400~6655 Word 9900~99FF 438913~439168 

D 6656~6911 Word 9A00~9AFF 439169~439424 

D 6912~7167 Word 9B00~9BFF 439425~439680 

Device Range Type 
DVP  

address 

 

(Hex) 

Modbus 

 address 

 

(Dec) 

Effective 

ES/EX/

SS 
SA/SX/SC EH 

D 7168~7423 Word 9C00~9CFF 439937~440192 

 

0~1311 

 

0~4999 

 

0~9999 

D 7424~7679 Word 9D00~9DFF 440193~440448 

D 7680~7935 Word 9E00~9EFF 440449~440704 

D 7936~8191 Word 9F00~9FFF 440705~440960 

D 8192~8447 Word A000~A0FF 440961~441216 
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D 8448~8703 Word A100~A1FF 441217~441472 

D 8704~8959 Word A200~A2FF 441473~441728 

D 8960~9125 Word A300~A3FF 441729~441984 

D 9126~9471 Word A400~A4FF 441985~442240 

D 9472~9727 Word A500~A5FF 442241~442496 

D 9728~9983 Word A600~A6FF 442497~442752 

D 9984~9999 Word A700~A70F 442753~443008 
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Appendix M 

Program for PLC interfacing with MatLab using MODBUS for the RSSR-SS platform 

and communication with Arduino / Processing 4.0 for validation with MatLab  
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Appendix N 

Program for Sensor (Accelerometer and Potentiometer) Interfacing with MatLab 

using Arduino  
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Appendix O 

Program for Sensor (Accelerometer and Potentiometer) Feed Back for plotting graph 

with Processing 4.0 in MatLab 
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