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Abstract: 

Paint mixing is conventionally done in a mixing machine with fixed container and a rotating spatula or blade. This method 

generates a vortex type action where in the particles of paint either move towards the periphery of container and tend to stick to 

walls of container or keep rotating in a regular a pattern of generator of cone resulting in a poor quality mixture. In order to  attain 

maximum productivity through improved turbulence the 3-D spatial linkage mechanis m is proposed for mixing action. This paper 

introduces the 3-d spatial linkage for mixing action and critical components of the system have been designed by theoretical 

method as well as using ANSYS 16.0.The motion of the linkage will be used to enhance the performance of mixing machine, here 

in this wobble linkage will act inside a rotating container further improving the quality of mixing.  
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I. INTRODUCTION 

 

Mixing devices can be divided into two groups with respect to 

segregation: segregating mixers—which have main ly 

dispersive mechanisms, encouraging the movement of 

individual particles, making segregation more significant, non-

impeller type mixers tend to be of this type. Less segregating 

mixers—have main ly convective mixing mechanisms. These 

are typically impeller types in which blades, screws, ploughs, 

etc. sweep groups of particles through the mixing zone.  

Mixing machines are chosen according to the material mixed; 

therefore, it is important to know the particle size as well as 

their flow properties. The variability of materials arises from 

the many ways in which their flow properties may be changed 

such as: physical properties of the materials to be mixed 

Environmental factors that affect the quality of mixing.  

 

II. LITERATURE REVIEW 

 

Allen Edgar Bryson
[1]

  has studied the control of quality in 

the manufacture of paint. He had given the brief introduction 

about composition of paint and its quality. He further 

presented the manufacturing process of paints which consist of 

essential steps like Mixing, Grinding, Th inning, and Tinting. 

Strain ing and canning operations takes place after the paint 

batch has been tested and accepted as meeting the prescribed 

standard. Further he focused on the Testing of paints, 

Measurement of quality of paints and controlling factors in 

manufacturing of paints . 

 

Ronal J. Weetmanet
[2]

.worked on the mechanical design of 

mixer with the emphasis on the fluid forces that are imposed 

on the impellers by the flu id continuum in the mixing vessel. 

According to them forces are the results of transient fluid flow 

asymmetries, acting on the mixing impeller. These loads are 

dynamic and are trans mitted from the impeller blades to the 

mixer shaft and gear reducer. Fluid forces acting on the mixer 

that is bending loads on the shafts caused by an effective force 

and torque can be calculated and same can be analyzed with 

the help of CFD that is Computational Fluid Dynamics. 

According to them power transmitted by the prime mover 

through the reducer and shaft can be calculated. From applied 

power and mixer speed torque can be calculated. Torque can 

be equated to a force at an effective radius. 

 

O.S.Galaktionov
[3]

 applied the mapping approach to study the 

distributive mixing in the industrial mixer. They have taken 

the Kenics Static mixer for study which is widely used in 

industrial applicat ions. According to them mapping method 

makes it possible to study and compare thousands of different 

mixer layouts and perform optimization with respect to 

macroscopic homogenization efficiency and interface 

generation. Mapping technique comprises of computational 

domain, mixing modules and mapping matrices. They studied 

the mixing efficiency in terms of blade twist angle. 

 

David W Kammel
[4]

 has focused on design, selection and use 

of Total Mixed Rat ions (TMR) mixers. According to him 

mixer design is still primarily a trial and error process with 

due Consideration given to prior experience. The manufacturer 

selects a specific mixer design that is expected to perform, and 

field tests determine design changes and their effect on the 

mix. He high lighted on major aspect like Mixe r design and 

options, Mixer testing, Batch mixing, Mixing time, Safety, 

Mixer sizing, Mixer costs etc. He further said that since 

‘Perfect mix’ is impossible, there will likely be some 

difference in the test results. The test results should be looked 

at to determine the statistical significance of the variab ility.  

 

  Rafique A.Memon
[5]

 have evaluated the numerical 

predictions for contra rotating mixing  flow within a cy lindrical 

container. The behavior of fluid is compared against 

previously simulated numerical results. According to them 

two dimensional incompressible complex flow of Newtonian 

flu id is relevant to the food industries. The numerical method 

adopted by them was finite element semi-implicit time –

stepping Taylor-Galerkin/pressure-correction scheme, posed 

in a cylindrical coordinate system. They have further provided 

the physically realistic simulations for the complex rotating 

flows. The contra rotating stirrer solutions display certain 

aspects of symmetry. The streamlines and pressure isobars are 

localized in ext reme in the neighborhood of the stirrers. 

However, the power consumption is higher for the contra 

rotating mixers. 
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Jan Skocilas
[6]

 have presented an analysis of the velocity field 

in an agitated fully baffled cylindrical vessel with a down 

pumping four blade worn or unworn pitched blade impeller 

under the turbulent flow region. CFD simulat ion was used to 

describe the ensemble-average mean velocity field with worn 

and unworn impellers and their pumping capacity. They 

showed from the simulat ion results that the wear rate of the 

impeller blade has a significantly negative effect on the 

velocity distribution in an ag itated liquid. According to them, 

higher the destruction of the worn blade, the higher is the 

deformation of the velocity field around the rotating impeller 

with a simultaneous decrease in impeller pumping capacity. 

The deformat ion of the velocity field was proved 

experimentally by them and confirmed by CFD simulat ion. 

 

Jean Godatet
[7]

 Invented the ‘MIXER FOR 

HOMOGENIZING A MIXTURE OF PRODUCTS 

CONTAINED IN A VESSEL’. Mixer having a detachable lid 

consists of a helical blade. This helical blade is mounted upon 

a vertical shaft pivoting at its upper end within the bearing 

member. Mixer can be used for homogenizing a mixture of 

products at least one of which is present in the liquid phase. 

Furthermore, in this mixer, the helical blade comprises at its 

base a scraping device made up of a spring, or round wire. It 

exercises a uniform pressure on the bottom and side of the 

vessel containing a mixture to be mixed. 

 

III. PROBLEM STATEMENT  

 

Conventional method of mixing with fixed container and a 

rotating spatula or blade. This method generates a vortex type 

action where in the part icles of paint either move towards the 

periphery of container and tend to stick to walls of container 

or keep rotating in a regular a pattern of generator of cone 

resulting in a poor quality mixture. Thus it is necessary to 

generate a irregular pattern of motion that will ensure erratic 

motion of the particle so that the intermixing of part icles will 

be achieve thereby dispersement will  be more resulting in 

good quality mixing. 

 

Solution 

 

In order to attain maximum productivity through improved 

turbulence the 3-D spatial linkage mechanis m is proposed for 

mixing act ion. The schematic of the linkage is as shown 

below. 

 

 
 

Two primary mechanisms are at work in the machine.  

 

a) The table and container rotation mechanis m: This 

mechanis m comprises of the motor ,belt drive ,  

worm gear box and table arrangement that rotate the 

container carrying fluids to be mixed.  

b) The 3-D spatial wobble linkage mechanism: Tis 

mechanis m makes the mixer arm to wobble. The 

mechanis m comprises of motor, belt drive and gear 

box to rotate the crank plate. The crank plates drive 

the 3-d mot ion shaft in a heart shape contour by 

association of GE bearing and fork link. 

 

This paper introduces the 3-d spatial linkage for mixing action 

and critical components of the system have been designed by 

theoretical method as well as using ANSYS 16.0.The motion 

of the linkage will be used to enhance the performance of 

mixing machine, here in  this wobble linkage will act inside a 

rotating container further improving the quality of mixing.  

 

Specification for motor for both linkages is  same. 

 

Details of Drive 

Motor: Single phase AC motor,100 watt ,0 to 6000 rpm 

variable speed. 

Open belt drive with ratio of 1:5 reductions 

Gear box : Single start worm , 2 module , worm gear 60 Teeth 

 

DES IGN OF CRANK PLATE 

 

 
 

Figure. No-01  

 

 
Figure. No-02  
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MATERIAL S ELECTION:Ref :- PS G (1.10 & 1.12) + 

(1.17) 

 

TABLE NO:01 

DESIGNATION ULTIMATE 

TENSILE 

STRENGTH 
N/mm

2
 

YEILD 

STRENGTH 

N/mm
2
 

C45 600 480 

 

fs allowable = 0.18 X 600 =108   N/mm
2
 

 

Tdesign = 9.6 Nm. 

 

CHECK FOR TORSIONAL SHEAR FAILURE OF SHAFT. 

 

Td = /16 x fsact x( D
4
- d

4
) /D 

 

fs act =    16   x Td  

 x ( D
4
- d

4
) /D 

 

=    16 x 9.6  x 10 
3
 x 156 

                         x ( 156
4
- 60

4
) 

fs act = 0.013 N/mm
2
    As  fs  act <fs  all 

 

                     Crank Plate is safe under torsional load. 

 

ANALYS IS OF CRANK PLATE 

 

 
Figure. No-03  

 
Figure. No-04  

 

Meshing is done using free mesher with tetrahedral elements, 

number of nodes 1313 and elements 163 

Figure. No-04  

 

Boundary Condition: face to face, A is fixed and Moment 

900NM is applied on face B 

 

 
Figure. No-05  

 

Maximum stress induced in the material of the crank plate is 

0.026 N/mm2 which is less than the allowable value of 108 
N/mm2 hence the part is safe. 

 
Figure. No-06  

 

The crank plate shows negligib le deformation under the action 

of moment. 
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DES IGN OF 3-D MOTION S HAFT 

 

 
Figure. No-07  

 
 

Figure. No-08  

 

MATERIAL S ELECTION: - Ref: - PS G (1.10 & 1.12) + 

(1.17) 

 

TABLE NO: 02  

DESIGNATION 

 

ULTIMATE TENSILE 

STRENGTH 

N/mm
2
 

YEILD 

STRENGTH 

N/mm
2
 

AL 480 380 

fsallowable   = 480/2  = 240   N/mm
2  

 

The 3-d motion shaft engages in the GE bearing mounting 

placed at a PCD of 120 mm on the crank plate , it is subjected 

to direct shear under action of moment on the moment on 

crank plate where the shear fore acting on the 3-d motion shaft 

is given by. 

 

Torque = Force x radius   

Thus, Force = Torque / rad ius = 9600 /60 = 160 N 

Shear stress = Force / area = 160 / ( π * 12
2
 /4) 

Shear stress = 1.41 N/mm
2
 

As the maximum stress < allowable stress the part is safe 

 

ANALYS IS OF 3-D MOTION S HAFT 

 

 
Figure. No-09  

 
Figure. No-10  

 

Meshing is done using free masher with tetrahedral elements, 

number of nodes 1382 and elements 653 

 

 
 

Figure. No-10 Boundary Condition: face to face, A is fixed 

and load 160N is applied on face B  

 

 
 

Figure. No-11  

 

Maximum stress induced in the material of the 3-D motion 

shaft is 112.17 N/mm2 which is less than the allowable value 

of 240 N/mm2 hence the part is safe. 
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Figure. No-12  

 

The 3D motion shaft shows negligible deformation under the 

action of moment. 

 

DES IGN OF GE- BEARING HOLDER  

 

Figure. No-13  

 
Figure No-14 

 

MATERIAL S ELECTION: -Ref: - PS G (1.10 & 1.12) + 

(1.17) 

TABLE NO:03 

 

DESIGNATION ULTIMATE 

TENSILE 

STRENGTH 

N/mm
2
 

YEILD 

STRENGTH 

N/mm
2
 

EN9 600 480 

fsallowable= 600/2  = 300   N/mm
2  

 

The 3-d motion shaft engages in the GE bearing mounting 

placed at a PCD of 120 mm on the crank plate , it is subjected 

to direct shear under action of moment on the moment on 

crank plate where the shear fore acting on the 3-d motion shaft 

is given by 

Torque = Force x radius   

Thus, Force = Torque / rad ius = 9600 /60 = 160 N 

Shear stress = Force / area = 160 / {(28X 12 )-(22X12)} 

Shear stress = 2.22 N/mm
2
, 

As the maximum stress < allowable stress the part is safe 

 

ANALYS IS OF GE BEARING HOLDER  

 

 
 

Figure. No-15  

 

Meshing is done using free masher with tetrahedral elements, 
number of nodes 3917 and elements 2099 

 
 

Figure. No-16  

 

Boundary Condition: face to face, A is fixed and force 160 N 

is applied on face B 
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Figure No-17 

 

Maximum stress induced in the material o f the GE bearing 

holder is 1.2015 N/mm2 which is less than the allowable value 

of 300 N/mm2 hence the part is safe. 

GE bearing holder shows negligible deformation.  

 

DES IGN OF FORK: 

 

 
Figure. No-18  

Figure. No-19  

 

MATERIAL S ELECTION: -Ref: - PS G (1.10 & 1.12) + 

(1.17) 

TABLE NO: 04  

DESIGNATION ULTIMATE 

TENSILE 

STRENGTH 

N/mm
2
 

YEILD 

STRENGTH 

N/mm
2
 

EN9 600 480 

 

fsallowable   = 600/2  = 300   N/mm
2
  

 

The 3-d mot ion shaft engages in the FORK  mounting placed 

at bearing poi tint the frame , it is subjected to direct shear 

under action of moment on the moment on crank p late where 

the shear fore acting on the 3-d motion shaft is transferred to 

the mixer link v ia fork. And it is given by 

 

Torque = Force x radius   

Thus , Force = Torque / radius = 9600 /60 = 160 N 

Shear stress  = Force / area = 160 / { 2(25X 5.5 )-2(11X5.5)} 

Shear stress = 1.03 N/mm
2
 

As the maximum stress < allowable stress the part is safe. 

 

ANALYS IS OF FORK 

 

 
Figure. No-20  

 

 
Figure No-21 

 

Meshing is done using free masher with tetrahedral elements, 

number of nodes 1792 and elements 820 
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Figure. No-22  

 

Boundary Condition: face to face, A is fixed and force 160 N 

is applied on face B and face C. 

 

 
Figure. No-23  

 

Maximum stress induced in the material o f the GE bearing 

holder is 15.3 N/mm2 which is less than the allowable value 

of 300 N/mm2 hence the part is safe. 

 
Figure. No-24  

 Fork shows negligible deformation.  

IV. Final Conclusion: 

 

1. Kinemat ic linkage for 3-D motion of the mixer b lade in 

rotating container is established and the critical components 

were identified for design system forces were resolved to 

determine design load on each component. 

 

2. The Analysis of the Crank plate shows that the maximum 

stress is well below safe limit and the deformat ion is 

negligible indicat ing the full safety of the part. 

 

3. The Analysis of the 3-Dmotion shaft shows that the 

maximum stress is well below safe limit and the deformation 

is negligib le indicating the full safety of the part. 

 

4. The Analysis of the GE bearing holder shows that the 

maximum stress is well below safe limit and the deformation 

is negligib le indicating the full safety of the part. 

 

5. The Analysis of the Fork shows that the maximum stress is 

well below safe limit and the deformation is negligible 

indicating the full safety of the part.  

 

V. Future Scope 

 

1. System components of the container drive will be designed 

theoretical and analysis will be done using Ansys 16.0 

 

2. System will be tested to evaluate the performance of mixer 

as to the following parameters  

 

a. Productivity in terms of liters of paint produced / hr 

 

b. Viscosity of paint produced after 10 min / 15 min / 20 min 

production cycle. 

 

c. Spreadability of paint on glass after 10 min / 15 min / 20 

min production cycle. 
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