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Abstract This work addresses the fundamental and evolutionary aspect of the synthesis and film analysis of the 

dynamically balanced spatial mechanism. Kinematic analysis of the spatial mechanism using different principles based 

on their ability to use different approaches, criteria or methods for a different type of mechanism. Researchers 

conducted a synthesis of a different kind of multi-loop spatial mechanism to link the desired relationship between 

input and output. Dimensional synthesis is carried out to obtain optimum force transmission for a given set on the 

relative position of the input and output links, and the review reflects the different approaches to the dynamic balance 

of spatial links. Researchers for the necessary result obtained in this subject and the evolution aspect are considered to 

be very important. A multi-loop space mechanism can be replaced with a parallel manipulator in the robotic 

application.  
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I. INTRODUCTION 

 Many space mechanism researchers have done a lot of 

work. This manuscript summarises the corresponding 

literature in three fields. First, the kinematic examination 

of spatial mechanisms, second, the synthesis of spatial 

mechanisms (single loop and multi-loop), third, the work 

II. KINEMATICS OF SPATIAL MECHANISMS  

Works on spatial mechanism analyzes using the PPGC 

(PPSC), RGCR (RSCR), RGGR (RSSR) and HRGR 

(HRSR) vector methods. The cinematic part of the problem 

is difficult and there is no geometric insight [1]. A 

geometric approach was considered to distinguish 

intrinsically (e.g. invariant coordinating) dexterity and 

workspace volume, optimized open-chain design cinematic 

design, rotating spherical and spatial joint mechanisms (2 

links, 3 R). The same cinematic distortion occurs when the 

theory of harmonic maps is inserted and a mechanism is 

filmed in a spherical open-chain mechanism with the same 

degree of freedom, irrespective of the orientation of the 

common axes whereby the performance criteria of the 

mechanism do not prevent obstacles and building 

capacity[2].[2]. The geometric conditions obtained were 

equivalent in the analysis of the type-multi-loop spatial 

platform analysis by the various loop closing equations on 

the RSSR single-loop spatial mechanism and the RSSR-SC 

and RSSR-SRR multi-loop systems [3]. New identification 

and extractive methods developed for foreign roots (which 

may also be useful in other fields where algebraic 

equations are to be resolved) can be inflated by either the 

foreign roots or by a loop closing equation for a degree of 

I-O equation of a mechanism [4]. The adaptation of 

derivative operator matrices to the numerical scheme of 

Uicker-Denavit-Hartenberg analyzes the movement of the 

joint modelling matrix in a ball connection spatial 

mechanism. The mechanism is the modelling matrix for 

the connection to a ball joint series and the modelling 

matrix connections with other types of joints [5]. Scientific 

research was conducted to analyze the spatial links of the 

single loop with a level of freedom and to ensure groups of 

four and six links [6]. The new formula used an efficient 

approach to the design of spatial RSSR mechanism 

geometric parameters, combining graphic design with 3D 

modelling with movement simulation. 3D modelling and 

motion simulation can demonstrate the movement 

properties of the mechanism. The problem of finding 3D 

solutions can be translated into a matter of plane graphics 

with a geometric element of the spatial RSSR mechanism 

in the driven rocker mechanism, and a shortcut for the 

graphics method for resolving a design problem is 

available [7]. The relationship between the operators of the 

Hamilton and the matrix was determined by limited spatial 

displacement and spatial screw movements. Extended D-H 

notation allows independent parameters of spatial 

mechanisms including a spherical pair. Four geometric 

connections exist, namely P-R, R-S, S-R and S-S, and 

similar assignment and connection rules. Validations are 

performed using derivative equations for the geometrical 

RSCR, RSCP, CSSP and RSSP connections for analysis of 

the corresponding input-output relationship. Extended D-H 
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scores form a variable basis for the investigation of the 

filmic reaction of mechanical mechanisms in analytical or 

digital systems [9]. A different analysis and design 

approach to the RSSR mechanism consistent with the 

small bending pivotal PRBM (pseudo-rigid body model). 

The RSSR mechanism shows its advantage by a theoretical 

approach to determine the deflections of the bending 

hinges and the strength analysis carried out on the 

deflections and their strength and film results. There are 

numerous applications of rigid four-bar spatial 

mechanisms, but a low-cost and accurate RSSR generally 

cannot be produced. A compliant one or two-piece RSSR 

version significantly reduces costs. This is therefore 

strongly assumed to be compliant [10]. The kinematics of 

the mechanism are characterized entirely by their topology, 

dimensions and positioning in a reference framework with 

a systematic dialytic approach together with the D-H 

parameters for obtaining the input-output equal parameters 

of a single loop of 4-bar RSCR and RSPC spatial 

mechanisms. Using the loop closure equation and the 

conventional dialytic D-H removal parameters, the input / 

output function is formulated in algebraic form. The 

analysis with revolutionary joints and a degree of freedom 

described the film map from the configuration curve to the 

Euclidean displacement group using the theory of dual 

quaternion and binding. Seven overly constrained spatial 

mechanisms connected by two4-link single-loop multiple 

modes with only revolutionary and prismic joint, i.e. The 

Bennett and the excessively restricted RPRP mechanism 

have been locked up in a single parameter movement 

configuration to match two joints from one of the 

fundamental mechanisms. Then all links are removed and 

seven new links are connected to these seven links to create 

a single loop mechanism. The only mechanisms thus 

achieved are mechanisms 7R, 5R2P and 4R3P [12]. The 

property of these mechanisms is to inherit both the basic4-

link mechanism operating methods and the general one-

parameter movement of the7-link mechanisms. You can 

switch between mode without especially disconnecting and 

reassembling configurations.  

Different approaches, principles, criteria or methods used 

to carry out kinematic analysis of spatial mechanisms with 

a single loop, a degree of freedom, i.e., vector algebra 

method, geometric approach, D-H notes, Duffy method, 

common tangent method, numerical scheme Uicker-

Denavit-Hardenberg, graphical method, dual quaternion’s 

and Hamilton operators, extended D-H notes, theory 

Cinematic analysis of different spatial mechanisms such as 

PPSC, RSCR, RSSR, HRSR-SC, RSSR-SRR, RPSSPR-

SPR, CSSP, RRSS, RSSP, RSSP, RSCP, 5R, 7R, 5R2P and 

4R3P was conducted. Dimensional synthesis is performed 

to obtain optimal force transmission and desired 

relationship for a given set of relative input and output 

connections (shafts). Different types of approaches, 

principles, criteria or methods used to synthesis spatial 

mechanisms, such as selective precision synthesis 

techniques, local optimisation synthesis techniques. 

Synthesis is carried out for various spatial mechanisms 

such as the hybrid legP-3R, the modal hybridP-3R, the 

mechanism P-3R2R22R, the mechanism 4R-four-bar, the 

parallel multi-loop form, the multi-loop structure of the 

two 3 T spatial loops, the multi-loop structure of the seven 

3T2R spatial loops. Dynamic analysis is usually carried out 

with the N-E or L-E approach for the open-chain spatial 

mechanism. With these approaches, recurrent relationships 

for speeds and accelerations and generalised forces can be 

found. Dynamic analysis of the closed loop can also be 

carried out by converting it into an open loop system and 

then using the N-E or L-E formulation. Minimum work 

has been found on the dynamics of spatial mechanisms in 

comparison with the other field of research, i.e. kinematics, 

synthesis and dynamic balancing of the spatial mechanism. 

Therefore, it is an open research area to work on the 

variable input speed with variable connection length and 

adjustable slider at the end of the last (output) connection. 

Based on the literature review, it is concluded that by 

balancing the shaking force and shaking moments, the 

balance of the spacing mechanism can be achieved. The 

balance of the spatial mechanism can be partial or 

complete, depending on the method used to balance and on 

the type of mechanism that is desirable for dynamic 

balance. Dynamic balancing of spatial links, different 

approaches or methods are available, such as the use of the 

matrix counterweight balancing method (Voxel-based 

discretisation), the static balancing method, the RMS 

balancing method, the use of concentrated masses, the 

process of mass redistribution, the technique of 

overlapping small elements, the use of dyads and triads, 

the technique of linearly independent vectors, the way of 

multilayer links, The purpose of the appropriate 

mechanism depends on a type of mechanism that requires 

dynamic balance. In other words, seven links 7 R, 

RSSRRTRT (used in a knitted fabric over locking sewing 

machine), RSSR (hand-wrist exoskeleton), double 

pendulum, spherical 4 R connections, 4 bar RCCC 

connection 

III.  SYNTHESIS OF SPATIAL 

MECHANISM 

 The structure of the spatial mechanisms is more general 

than the planar mechanisms; due to the limited number of 

practical design tools and the complexity, their 

applications are few. 

Synthesis of spatial mechanism in the single loop  

Dimensional synthesis technology used to generate 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-04,  Issue-10,  Jan 2019 

435 | IJREAMV04I1046098                      DOI : 10.18231/2454-9150.2018.1344                      © 2019, IJREAM All Rights Reserved. 

 

spherical and RSSR functions based on local optimisation 

and the use of gradient information constraints. The multi 

body system is described using constraint equations to 

distinguish (i) four-bar spherical connection, (ii) RSSR 

connection with intersecting shafts and (iii) RSSR 

connection with skewed shafts. The technique developed 

here, thanks to the cinematic characteristics of those 

mechanisms, is a valuable tool for achieving an 

optimisation solution that meets I/O requirements [13]. A 

new design is developed to optimize the synthesis of the 

RSSR mechanisms to determine the optimal dimensions of 

the connections, which minimize the variation in the 

longitudinal connector link between the original and the 

final position. The objective function developed is based on 

the theory of the screw and the linear algebra, achieved on 

two revolutionary movement axes, taking account of the 

distance between two spatial points. The optimal 

mechanism produced and tested in a laboratory 

environment by rapid prototyping. This method shows the 

efficiency and mechanical behaviour of the mechanism in 

an RSSR mechanism by sequential quadratic programming 

[14]. An easy way to shape the entire RPRP connection 

trajectory as an input for the maximum number of 

positions for serial chain end position synthesis allows for 

a complete definition of the finite screw connection system. 

The screw system's knowledge, which corresponds to the 

connection's limited displacement, generates the 

connection's working area which ensures that the serial 

chain synthesis solutions RP and PR can be assembled to 

create a mobile system, an overly restrictive closed 

connection (RPRP) [15]. The traditional problem of 

transmission optimization is the mechanism’s dimensional 

synthesis, with a given swing angle of the output 

connection and an optimal force transfer. The genetic 

algorithm is used to optimize the transmission of power 

(max. transmission index value, TI) of the RSSR 

mechanism, and to develop the RSSR mechanism to 

provide the optimal transmission of force for a certain set 

of input-output shafts to pull the thumb-movement 

mechanism into the exoskeleton hand.  

Synthesis of the spatial mechanism in multi loop 

Structural synthesis and analysis of hybrid serial-parallel 

mechanisms with multi-loop spatial cinematic chains are 

based on the displacement group theory. The Assure group 

transformation and fractal method can develop parallel 

serial hybrid mechanisms instead of graph theory and 

screw theory to produce multi-loop forms of sub-chains and 

platforms. Based on the results of the spatial multi-loop 

detachment of topological arrangements, the 

subcomponent configuration card of the displacement sub 

chains is developed to allocate the displacement subsets 

and design the specific structure of the spatial multi-loop 

sub chains [17]. With regard to spatial mechanisms with 

multi-loop sub chains, the traditional topological 

arrangement design is used in a fixed platform, a moving 

platform and multiple connected sub chains in parallel. To 

develop new mechanisms, the number of moving platforms 

can be increased in topological arrangements. Therefore, 

the separation times of the spatial multi-loop are increased 

in the analysis of the output motions. A new method of 

structural synthesis and analysis of spatial movie chains 

based on the theory of the displacement group is used. Its 

specific output movements limit general spatial 

applications over restricted connections without rotations 

or translations. Advanced parallel loop manipulators 

developed for industrial applications and developed the 

potential capabilities of such connections and concentrated 

on the movement of the related space over restricted 

connections and general parallel mechanisms. Many 

opportunities are increasing to develop new parallel loop 

manipulators based on a new concept of topological 

arrangement forms of sub chains and platforms [18]. The 

cinematic design of spatial, hybrid closed chains that 

includes planar parallelograms in their cinematic structure 

includes connecting bifurcations such as the integration of 

an added serial parallelogram into the analysis of the 

problem series. These cinematic chains are usually referred 

to as hybrid closed chains (short HCC) and require more 

comprehensive wording in an integrated approach. The 

proposed approach can be used systematically to design 

single, closed chain and parallel spatial manipulators with 

one or more parallelograms. Numerical simulations infer a 

comparison using three generalized, non-dimensional 

indexes characterizing the speed, acceleration and the 

dynamic power characteristics of six bar mechanisms with 

the same output angle. The comparative analysis shows 

that spherical links have better properties than planar links 

for the class of mechanisms studied. The 4R spherical 

mechanism and the four-bar flat connections are used [20]. 

A new fully automated algorithm for flat and space film 

chains with total, partial and fractional mobility is being 

developed [21]. A virtual work method used to derive the 

mathematical model for planar mixed-loops with flexible 

joint drive and servo engine control. This project is 

designed to develop a dynamic modelling technique for 

planar robots with mixed-loop configuration and a flexible 

servo motor drive system. The rigid body movement of the 

connections is associated with the elastic deflection of the 

drive shaft in the joints. The modelling process is applied 

for a five-link, 3-degree mixed-loop robot to determine the 

actual position and speed of the connections and is 

calculated along with the required torques, so that the total 

error occurs at the end effectors. The selective procedure of 

the relevant film chain from many known as the variety for 

a cinematic chain is explained and discussed with special 
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attention to its relation to the movement abilities of a 

mechanism, such as robotic manipulators and gear trains. 

Selection method gives with variant function of the 

mechanism of freedom [23]. Complex planner 29 primary 

movie chain types contain up to four independent loops, 

required for each single or multi-degree of freedom 

connection. The aim is to analyze any complicated 

connections made up of the necessary film chains. The 

method can be automated by initiating structural analysis 

and classification, which identifies the type of link, the 

simplest way of connecting loops and the complexity of the 

connection and then activates the one-dimensional search 

algorithm. In addition, many possible configurations for a 

set of inputs provided for the multi-loop connection are the 

product of the configuration numbers of its film chains 

[24].  

IV.   DYNAMICS AND DYNAMIC 

BALANCING OF SPATIAL MECHANISMS 

 Dynamic imbalance produces machine vibrations due to 

shaking forces and shaking moments, and vibrations often 

cause noise, wear, tiredness and discomfort. Counterweight 

balancing aims to reduce this vibration by adding 

counterweights to the moving mechanism links using 

voxel-based discretisation with counterweight parameters, 

resulting in minimal forces and moments under restricted 

driving torque and an optimisation problem that can be 

rewritten as a convex issue. The advantages of the 

proposed methodology regarding calculation time, balance 

result and practicality of the counterweights are 

demonstrated by a literature benchmark consisting of a 

four-bar spatial mechanism RSSR [25]. Design and 

prototyping of a new balancing mechanism for parallel 

spatial manipulators with the help of torque minimisation 

of parallel spatial manipulators, the approach suggested 

involves the connection of a secondary mechanical system 

to the initial structure, which generates a vertical force 

applied to the manipulator. There are two versions of the 

added force: constant and variable. The optimisation 

conditions are defined by minimising the root mean square 

values of the input torque. The robotic system balancing 

schemes can be systematised by balancing: counterweight, 

spring, pneumatic or hydraulic cylinder, an 

electromagnetic device, each group can be presented by the 

following subgroups [26]. A major disadvantage of the 

existing dynamic balancing principles is that for balancing 

purposes a considerable amount of mass and inertia is 

required [27]. The direct and reverse problem of dynamics 

is developed and realised for an open chain spatial 

mechanism of arbitrary mechanical configuration. Based 

on a comparison of the computational complexity of 

different formulations of spatial mechanisms dynamics, the 

most appropriate formulation is the Newton-Euler 

formulation using recurrence relationships for velocities, 

accelerations and generalised forces. It is noted that for 

control algorithms that assume knowledge of system 

dynamics in real time, the inertia matrix and the term must 

be calculated separately with the remaining dynamic 

effects [28]. The dynamic modelling of the concept of 

decoupling natural orthogonal matrices (DeNOC) is used 

in the dynamic modelling of multibody systems with 

spherical joints. The use of Euler parameters prevents the 

unnecessary introduction of intermediate links so that the 

sizes of the matrices associated with the dynamic motion 

equation [29] are not increased. The cinematic and kinetic 

analysis of the crank mechanism, stress and fatigue 

analysis and the optimisation of the Samand engine 

connecting rod. The slider crank mechanism was simulated 

in MSC / ADAMS / Engine software and forces acting on 

various parts of the crank mechanism were extracted after 

the connecting rod was simulated in ANSYS software, 

critical loads and stress were exerted, and fatigue analysis 

was carried out. Finally, the connecting rod was optimised 

according to the results [30]. The partial balance of the 

shaking force of a spatial 4-Bar RCCC connection with 

three counterweights was attached to the moving link of 

the RCCC connection respectively, and the Broyden-

Fletcher-Goldfarb-Shanno (BFS) optimisation method, 

which is a variable metric method, calculated the optimal 

counterweights. As a result, the RMS norm for the shaking 

force of the RCCC connection is reduced by half [31]. The 

new method to achieve a complete balance of shaking force 

and shaking moment in mechanisms with force 

transmission irregularities with triads and dyads balances 

the shaking force of the RRCRC 5-bar mechanism. The 

triad method is advantageous for the shaking force balance 

of such mechanisms and does not affect the shaking 

moment balance of the mechanism and the dyad method 

applied to the irregular force transmission mechanisms 

with the aid of the triads [32]. The study is carried out on 

the peak value of the shaking force and the RMS value of 

the shaking moment of the 7 –R connection and can be 

reduced to less than half of the unbalanced connections 

[33]. The mechanism of the needle arm (RSSRRTRT 

kinematic pair) influences the vibration of the machine 

mainly in the vertical direction of the matrix method used 

to determine the correction masses and the position of the 

mass centres of the entire mechanism [34]. The problem of 

complete shaking force and shaking moment due to the 

inertia loads of the RSS'R spatial connection, two 

concentrated masses replace the coupler mass at the centres 

of spherical joints and the dynamic model of the coupler is 

a weightless connection with two concentrated masses in 

which the function describes the input torque of the 

balanced connection. A generic optimisation technique for 

balancing the shaking force and the shaking moment due 
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to inertia forces in spatial mechanisms gives dimensions, 

and the input speed (constant) of a mechanism and the 

forces of inertia depend only on the mass distribution of the 

moving links. Shaking force and shaking moment reduced 

the balance of mass redistribution more than the balance of 

counterweight. In both the balancing methods, a 

significant improvement in performance is achieved 

compared with the original mechanism [36]. The method 

of the balance of force in the idler space loop reduces 

counter mass and inertia in low transmission conditions 

[37].  

V. CONCLUSIONS 

For different configurations, kinematic analysis can be 

performed with a single / multi-loop spatial mechanism to 

perform displacement analysis, 3-D notation simulation to 

obtain work-space volume, singularity analysis, 

relationship development for input-output link parameters 

for variable speed, optimal position analysis. Researchers 

performed dimensional synthesis for different types of 

spatial mechanisms, but dimensional synthesis for 

reversals or possible assembly configurations of the same 

spatial mechanism was very rare. There is a scope for 

carrying out the dimensional synthesis of spatial multi-loop 

mechanisms such as the RSSR-SS mechanism, taking into 

account the following unique points: a combination of 

planner and spatial mechanism, multi-loop mechanism, 

variable input speed, variable length of the connection. 

From the literature review, it can be concluded that the 

dynamic balancing of the open loop and closed loop links 

with a single degree of freedom system of a single loop is 

carried out.  

Some articles indicate that the dynamic balance of 7 

links 7 R spatial mechanism cannot be fully balanced (only 

partially balanced) and can be balanced to half the 

unbalanced links.  

The literature does not contain a complete dynamic 

balance of the multi-loop space mechanism. A full 

dynamic balance of the RSSR-SS multi-loop spatial 

mechanism (complete balance of shaking force and 

shaking moment) with variable input speed is possible 

here.   

Costing can be reduced by designing the variable input 

parameter in the multi-loop space mechanism (RSSR-SS), 

and different industrial robotic applications can be 

achieved by replacing the multi-loop space mechanism 

(RSSR-SS) with the parallel robot manipulator.   
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