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Abstract 

The present paper describes the formation of Mathematical Model for 
vibration amplitude, processing time, energy consumption, and productivity of cotton 
spinning machine.  Traditionally spinning is the process in which twisting of yarn 
fiber of drawn - out standard. For this research, solar powered spinning machine 
(amber charkha) is selected.  So this research work is carried out for the study of 
machine with respect to vibration amplitude, processing time, energy consumption, 
and productivity andto optimize all these dependant parameters. This 
MathematicalModel resembles the relationship between independent variables and 
dependent variables.   As suchmathematical model (log-log model) has been formed 
along with reliability test and sensitivity analysis.Study concludes the effect on 
dependent parameter due to variation in independent parameter.This research paper 
revealedremedial action for smoother and good outputs of the spinning machine. 

Keywords: Mathematical Modeling, spinning machine, vibration amplitude, 

I.    Background of the Present Work 

In India in villages / rural areas cotton spinning is practiced for many years in 
the past using the machine known as Charkha (II).  The operation of the charkha is a 
man machine system (V).  The design of the charkha has taken place most probably 
keeping in view the only objective of getting as best as possible a fine thread from a 
small lump of cotton in cylindrical form with geometric specification as 10 mm 
diameter  x  around 150 centimeters in length.  This is known as Sliver.  Somehow 
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aspect of influence of vibrationsof charkha to what extent influence the product 
quality was not given much consideration (IX). 

Subsequently, motorized charkhas are also developed (VI).  However even in the 
design of these charkhas (IV), the emphasis was not on the extent to which the 
vibrations of this machine influencethe quality of obtained yarn.  Recently it is 
observed that even solar powered charkha exists.  In this system the solar energy is 
first stored in the batteries (V).  The batteries are loaded by small capacity D.C. 
motors.  These D.C. motors operate charkha. (Report) No investigation is reported so 
far which emphasizes on the quality of yarn as influenced by vibrations whether 
charkha is operated as a man machine system or as a motorized system.  In this 
investigation the focus is on study of influence of vibrations of charkha on quality of 
yarn, when charkha is operated by D.C. motors.  Off course these D.C. motors are 
operated by D.C. cells which are energized by solar energy. 

The emphasis in this work is on adopting the approach of field database modeling.   

The concept of Field Data Based Mathematical Modeling: 

Collect the operational data of any process machine (I).  Subsequently formulate 
mathematical relationship amongst variables.  Normally this should be done for 
sizable number of system, but in this case because of availability of only one such 
system, that the extensive data is gathered of one solar power operated ambar 
charkha. 

II.    Explanation of Experimental Set-up : 

 
Figure. 1:- Experimental set up 

The complete structure of already developed experimental setup is shown in Figure 1.  
Technical specifications of 8 spindles solar powered cotton spinning machine (Ambar 
Charkha) is given below: 

A 60 watt motor 
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Motor speed 1500 rpm 
Weight of Machine 40 kg 
Maximum Number of spindles 8 
Spindle length 20 mm 
Length of shaft 650 mm 
Diameter of shaft 13.8 mm 
Machine pulley diameter 135 mm 
Tension pulley diameter is 22 mm. 

III.    Establishing Exponential Form of Model: 

III.  i.  Identification of variables 

Here in this research both type of variables like independent and dependent are 
recognized (III), and are given in Table 1.: 

TABLE1:- INDEPENDENT AND DEPENDENT VARIABLES WITH SYMBOLS 
AND DIMENSIONAL FORMULA 

Sr.No. Variables Type Symbol Unit 
Dimensional  

formula 

1  Speed of Motor Independent Nm rpm T
-1

 

2 Main shaft speed Independent Ns rpm T
-1

 
3 Main shaft diameter Independent Ds mm L 
4 Length of shaft Independent Ls mm L 

5 material density of shaft Independent rhos gm/mm
3
 M

1
L

3
 

6 
distance between planes of pulleyson 
main shaft 

Independent Cp1-Cp8 mm L 

7 Density ofpulley materialof  machine Independent rhop gm/mm
3
 M

1
L

3
 

8 Volume of pulleysof machine Independent Volp mm
3
 L

3
 

9 Diameter of machine pulley Independent Dp1-Dp9 mm L 
10 Mean radius of bearing cap Independent Rmb mm L 
11 Thickness of bearing cap Independent Tb mm L 
12 Width of bearing cap Independent Bbcap mm L 

13 Density of materialof bearing cap Independent rhobcap gm/mm
3
 M

1
L

3
 

14 
Modulus of elasticity of bearing cap 
material 

Independent Ebcap gm/mm s
2
 M

1
L

-1
T

-2
 

15 Inner diameter of bearing Independent dbi mm L 
16 Outer diameter of bearing Independent Dbo mm L 
17 bearing width Independent Bb mm L 

18 Density of material of  gear Independent rho g gm/mm
3
 M

1
L

3
 

19 Gear  ratio Independent G Dimensionless Dimensionless 
20 Gap between feed rollers Independent gf1-gf2 mm L 
21 Length of feed rollers Independent Lf1-Lf3 mm L 
22 Diameter of feed rollers Independent Df1-Df3 mm L 

23 Density of rubber of top arm Independent rho t gm/mm
3
 M

1
L

3
 

24 speed of spindles Independent Nsp rpm T
-1
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25 Length of spindles Independent Lsp mm L 
26 number of spindles Independent N Dimensionless Dimensionless 

27 
Length of thread from machine pulley 
 to spindle through tension pulley 

Independent Lthr mm L 

28 
Length of oscillating roller follower  
from pin joint to roller 

Independent Lorf p mm L 

29 
Length of oscillating roller follower  
from pin joint to cam centre 

Independent Lorf c mm L 

30 Density of material of roller Independent rho rolf gm/mm
3
 M

1
L

3
 

31 Weight of cam Independent Wcam gm M
1
 

32 
Length of lever from roller to plate of 
spindle 

Independent Llev mm L 

33 Moisture content in roving Independent Wmro gm M
1
 

34 
Quantity of roving processed in certain 
time 

Independent Qnrov gm M
1
 

35 Thickness of follower lever Independent Tlev mm L 

36 Total quantity of roving Independent Qtyr gm M
1
 

37 Acceleration due to gravity Independent G mm/s
2
 L

1
T

-2
 

38 Vibration amplitude Dependent Y1 mm/s L
1
T

-1
 

38 
(A) 

Vibration amplitude of Motor 
bearing in Horizontal Direction 

Dependent Y1H mm/sec L1T-1 

38 (B) 
Vibration amplitude of Motor 
bearing in Vertical Direction 

Dependent Y1V mm/sec L1T-1 

38 (C) 
Vibration amplitude of Motor 
bearing  in Axial Direction 

Dependent Y1A mm/sec L1T-1 

38 
(D) 

Vibration amplitude at main shaft 
bearing in horizontal direction 

Dependent Y2H mm/sec L1T-1 

38(E) 
Vibration amplitude at main shaft 
bearing in vertical direction 

Dependent Y2V mm/sec L1T-1 

38 (F) 
Vibration amplitude at main shaft 
bearing in axial direction 

Dependent Y2A mm/sec L1T-1 

38 
(G) 

Vibration amplitude at spindle 
bearing in horizontal direction 

Dependent Y3H mm/sec L1T-1 

38 
(H) 

Vibration amplitude at spindle 
bearing in vertical direction 

Dependent Y3V mm/sec L1T-1 

38 (I) 
Vibration amplitude at spindle 
bearing in axial direction 

Dependent Y3A mm/sec L1T-1 

39 Processing time Dependent PT sec T 

40 Energy consumed Dependent EC gm-mm
2
/s

2
 M

1
L

2
T

-2
 

41 Productivity Dependent P gm/s M
1-

T
-1
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III.ii.   Reduction of Variables 

Mass(M), length(L) , and time(T) expressions are used for all variables.  Therefore 
M , L , and T are preferred as principal dimension for theanalysis of dimensions. 
 

Dimensional analysis technique is used here for the reduction of variables (VIII), 
wherein all independent variables are reduced and expressed into four π – terms (π1, 

π2, π3, π4)  and dependent variables are expressed as Vibration amplitude of motor 
bearing taken in three mutually perpendicular directions that is horizontal, vertical 
and axial (Y1H, Y1V, Y1A), Same for vibration amplitude of main shaft bearing (Y2H, 
Y2V, Y2A), and for vibration amplitude of spindle bearing (Y3H, Y3V, Y3A), along with 
these Processing time (Y2), Energy consumption (Y3), and Productivity (Y4) 
respectively. 
 

TABLE2 :- DIMENSIONLESS INDEPENDENT AND DEPENDENT Π- TERMS 
 

Sr. No Dependent  π - terms (πd) 

1 πd1=
𝑌

(𝑅 𝑁 )  

2 πd2=
𝑌

(𝑅 𝑁 )  

3 πd3=
𝑌

(𝑅 𝑁 )  

4 πd4=
𝑌

(𝑅 𝑁 )  

5 πd5=
𝑌

(𝑅 𝑁 )  

6 πd6=
𝑌

(𝑅 𝑁 )  

7 πd7=
𝑌

(𝑅 𝑁 )  

8 πd8=
𝑌

(𝑅 𝑁 )  

9 πd9=
𝑌

(𝑅 𝑁 )  

10 πd10 =Y2*Nm 

11 πd11 = Y3/(bcap*Nm
2*Rmb

5) 

12 πd12=Y4/(Nm*bcap*Rmb
3) 

Sr. No. Independent π – terms 

1 π1=Ns/Nsp 
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III.iii.   Model formulation 

In any situation of phenomenal data based investigations four types of models are 
formed.  These are  

1) EXPONENTIAL FORM OF MODEL 
2) COMBINING ALL INDEPENDENT π –TERMS INTO ONE 

INDEPENDENT π –TERM FORM OF MODEL 
3) 3-D REPRESENTATION OF DATA FORM OF MODEL & 
4) ANN SIMULATION. 

In this paper only exponential form of model is formulated based on gathered data.  
The data is presented in ANNEXURE – I.  The detailed mathematical treatment of 
getting exponential form of model is presented in ANNEXURE II.  The obtained 
models are as under: 

πd1= 0.012 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .      (1) 

πd2= 0.0022 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .      (2) 

πd3= 0.014 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .        (3) 

πd4= 0.09 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .             (4) 

πd5= 0.25× 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .                 (5) 

πd6 =  2.16 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .            (6) 

πd7= 0.166 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .            (7) 

πd8= 0.007 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .            (8) 

πd9= 2.24 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .             (9) 

2 

π2=(ds*Cp1-Cp8*Tb*dbi*Bb*Lf1-

Lf3*Lsp*Lorfp*Llev)/ 
(Ls*Dp1-Dp9*Bbcap*dbo*gf1-gf3*Df1-
Df3*Lthr*Lorfc*tlev. 

3 π3=g*rolf*Volp*Wcam*Qnrov)/ 
(t*bcap*Rmb

3*Wmrov*Qtyr) 

4 π4=(Ebcap*g*G*n)/ (bcap*(Nm
4*Rmb

3) 
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πd10= 1030.6 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .          (10) 

πd11= 0.0014 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .              (11) 

πd12= 0.0076 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .       (12) 

IV.   Discussion of Results 

IV.i.  Qualitative Discussion of Mathematical Model 

Above models are interpreted in the form of certain aspects namely(1) order of 
influence of various inputsonoutputs  (2) Interpretation of curve fitting constant K. 

IV.i.a.   Order of Influence of Various Independent variables on Dependent 
Variable 

Interpretation of equation 1 :- 

Equation 1 is for vibration amplitude of motor bearing in horizontal direction.  This 
vibration response is highly influenced by the π – term π2.  This is because its index is 
1.53.  This is next highly impressed by the π – term π3 because its index is 0.022.  It is 
minimum influenced by the π - termπ1. This is because its index is 0.011.  The 

relative influence of π2 as compared to that of π3 is equal to 
.

.
= 69.54 .  Similarly 

relative influence of π3 with respect to that of π1 is equal to 
.

.
= 2.The index of π4 

is negative, this means if as magnitude of π4increases, the vibration corresponding to 
πd1 reduces.  On the same lines interpretation of equations 2 to 12 can be done. 

IV.ii.   Interpretation of curve fitting constant (K) 

The value for curve making right size unchanging K for the scaled copy (1) is 
0.012. This value shows the grouped together effect of all unconnected able to be 
changed. in the same  way, the value is positive which points to that, 
there are good numbers of causes, which have power over on increasing effect. 

QUANTIFICATION OF EXTRANEOUS VARIABLES 0.012 (E) AVERAGE 
INDEX 

Similarly, the outcome of independent π terms lying on the dependent π term can be 
seen from the formulated models of the respective dependent variables. Hence, the 
extent of the effect can be interpreted for the respective model from Table 3.  
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TABLE 3:-  VALUES SHOWING CURVE FITTING CONSTANT K AND 
INDICES OF INDEPENDENT Π - TERMS 

Dependent 
π- term, πd 

Curve fitting 
constant 

Indices Value 
for π1 

Indices Value for 
π2 

Indices Value 
for π3 

Indices 
Value for π4 

 K A b c d 

πd1 0.012 0.011 1.5339 0.022  

πd2 0.0022 -0.0625 1.292 -0.058 -0.0023 

πd3 0.014351589 0.4396 0.4742 -0.1025 0.0581 

πd4 0.087377578 -0.4156 1.3646 -0.0268 -0.0194 

πd5 0.250495541 -0.0553 0.3796 0.0148 0.0431 

πd6 2.161722784 -0.164 0.8883 -0.0134 -0.0211 

πd7 0.166532883 0.0466 -0.619 0.0153 -0.0329 

πd8 0.00719449 -0.5959 0.7466 -0.0488 0.0618 

πd9 2.241816184 -0.212 -0.5323 0.0438 -0.0039 

πd10 1030.623 0.2218 -2.1761 0.0403 0.0167 

πd11 0.001378796 0.9753 1.311 0.0419 0.2137 

πd12 0.0076 -0.0724 1.2727 0.0195 -0.0072 

 
IV.ii.   The Quantitative Deductions of Mathematical Model 

These deductions are: (1) Sensitivity Analysis (2) Optimization of Model (3) 
Reliability of the Models. 

IV.ii.a.   Model Sensitivity Analysis 

This investigation is executed on the way to see the sensitiveness of each independent 
π- term of mathematicalmodel. The detailed procedure is explained as below. 

A perceptible change in dependent pie term could be accomplished by making 
percentagechange in independent π-term. Therefore, in thisresearch work, the 
alteration of +10 % and -10% is incorporated in each pie term and it is done 
piecemeal. Hence, total rate of incorporatedchange is 20%. This analysis is executed 
on all along 12 mathematical models. The outcome for the analysisof mathematical 
model employed for the equation (1) is given below. 

Outcome of introduced change on the dependent π-term 

Model of vibration response in horizontal direction (Y1H), the maximum change of 
30.67 % in dependent πterm (πd1) is observed due to 20% change introduced in π2. On 
the other side, the minor change of 0.05% is noted in dependent πterm (πd1) as there is 
modification in π4, Subsequently, the changes of 0.22 %, 0.44%independent π term 
(πd1) have been observed for changes in π1, π3. 
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Iv.ii.b.   Model optimization

The main objective of this research is not only 
also to provide the weightier set of self
the objective to reduce or 
energy consumption and to increase productivity
in a nonlinear form and
optimization of model.  It is 

Therefore, the equation of constraints becomes.

 1xX1 + 0x X2 + 0

1  xX1+ 0xX2 + 0

The other constraints are also found to be.

0xX1+ 1xX2 + 0 x

0xX1+ 1xX2 + 0x

 0xX1+ 0xX2+ 1xX

0xX1+ 0xX2+ 1x 

0xX1+ 0xX2 + 0x

0 xX1+ 0x X2 + 0

By solving the whilom equations by linear programming one can get minimum value 
of Z, and the weightier set of values of self
value. However, the values of dependent π term and self
uninventive by taking anti
programming problem is solved by MS Solver. This function is misogynist with 
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Fig 2:-  Sensitivity analysis of model (i) 

Model optimization 

The main objective of this research is not only to emerge a mathematical model but 
provide the weightier set of self-sustaining variables.Research is concern with 

to reduce or to minimize the vibration amplitude, processing time, 
energy consumption and to increase productivity. Thepresent model described here is
in a nonlinear form and it is converted into linear form as required for 

It is explained in ANNEXURE III 

equation of constraints becomes. 

+ 0xX3+ 0xX4≤ C1     

+ 0x X3 + 0x X4 ≥ C2    

The other constraints are also found to be. 

xX3+ 0x X4≤ C3     

xX3+ 0xX4≥ C4     

X3 + 0xX4≤ C5     

x X3 + 0xX4≥ C6     

xX3+ 1x X4≤ C7     

+ 0xX3+ 1xX4≥ C8     

By solving the whilom equations by linear programming one can get minimum value 
of Z, and the weightier set of values of self-sustaining π terms to reap this minimum 

wever, the values of dependent π term and self-sustaining π terms could be 
uninventive by taking anti-log of Z, X1, X2, X3 and X4. The present linear 
programming problem is solved by MS Solver. This function is misogynist with 

2, February (2020)  pp 359-380 

 

a mathematical model but 
Research is concern with 

, processing time, 
described here is 

it is converted into linear form as required for the 

  (13) 

  (14) 

  (15) 

  (16) 

  (17) 

  (18) 

  (19) 

  (20) 

By solving the whilom equations by linear programming one can get minimum value 
sustaining π terms to reap this minimum 

sustaining π terms could be 
. The present linear 

programming problem is solved by MS Solver. This function is misogynist with 
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Microsoft Excel office.  By solving, the whilom problem with MS solver, one would 
get values given in Table 4. 

TABLE 4: OPTIMIZED VALUES OF INDEPENDENT TERMS 

  1 2 3 4 5 6 7 8 9 10 11 12 

  

L
O
G   

L
O
G   

L
O
G   

L
O
G   

L
O
G   

L
O
G   

L
O
G   

L
O
G   

L
O
G   

L
O
G   

L
O
G   

L
O
G   

π
d

1 

-
3
.
8
7
0
4
5 

0
.
0
0
0
1
3
5 

-
4
.

2
1
2
1
9 

6
.

1
3
E
-
0
5 

-
4
.

0
2
6
5
1 

9
.

4
1
E
-
0
5 

-
1
.

4
4
5
5
3 

0
.

0
3
5
8
4
9 

-
1
.

4
3
5
1
1 

0
.

0
3
6
7
1
9 

-
0
.

1
0
0
3
1 

0
.

7
9
3
7
6 

0
.

1
2
4
3
8
7 

1
.

3
3
1
6
4
2 

-
2
.

1
4
9
1
5 

0
.

0
0
7
0
9
3 

1
.

3
9
8
1
6
9 

2
5
.

0
1
3
2
1 

4
.

7
3
1
2
4
1 

5
3
8
5
6
.

9
1 

-
9
.

4
8
6
7
3 

3
.

2
6
E
-
1
0 

-
3
.

4
2
5
0
9 

0
.

0
0
0
3
7
6 

π
1 

-
2
.
6
8
9
8
3 

0
.
0
0
2
0
4
3 

-
2
.

4
5
5
2
7 

0
.

0
0
3
5
0
5 

-
2
.

6
8
9
8
3 

0
.

0
0
2
0
4
3 

-
2
.

4
5
5
2
7 

0
.

0
0
3
5
0
5 

-
2
.

4
5
5
2
7 

0
.

0
0
3
5
0
5 

-
2
.

4
5
5
2
7 

0
.

0
0
3
5
0
5 

-
2
.

6
8
9
8
3 

0
.

0
0
2
0
4
3 

-
2
.

4
5
5
2
7 

0
.

0
0
3
5
0
5 

-
2
.

4
5
5
2
7 

0
.

0
0
3
5
0
5 

-
2
.

6
8
9
8
3 

0
.

0
0
2
0
4
3 

-
2
.

6
8
9
8
3 

0
.

0
0
2
0
4
3 

-
2
.

6
8
9
8
3 

0
.

0
0
2
0
4
3 

π
2 

-
1
.
2
1
1
5
5 

0
.
0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

-
1
.

2
1
1
5
5 

0
.

0
6
1
4
4 

π
3 

-
3
.
5
9
2
6
8 

0
.
0
0
0
2
5
5 

-
1
.

8
4
4
6 

0
.

0
1
4
3
0
2 

-
1
.

8
4
4
6 

0
.

0
1
4
3
0
2 

-
1
.

8
4
4
6 

0
.

0
1
4
3
0
2 

-
3
.
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Iv.ii.c  Reliability of the Models 

Reliability of all the exponential form of models have been found out by using 
relation (100 – average error).  Therefore, the reliability of models (1) to (12) are 
73.82, 78.09, 66.73, 77.60, 83.35, 83.76, 74.55, 72.70, 76.79, 58.49, 56.81, 60.43 
respectively. 

V.   Conclusion 

Field database Mathematical Models formed here by considering multiple 
regression analysis method.  One can form such type of model for any man machine 
system.  Study of effect on dependent parameter due to variation in independent 
parameter has been carried out.  This concept of FDBM is found to be very useful.   
Because it gives direct results from the readings one can take directly from field or by 
experimentation.  From these models, Researcher can do proper analysis and correct 
method to perform activities like spinning of yarn.  And can make changes to reduce 
vibration, processing time, energy consumption and improve productivity. 
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ANNEXURE - I 
Observation Table 
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ANNUXURE II 

MODEL FORMULATION 

It is obligatory to correlate quantitatively sundry independent and dependent π - 
terms involved in this very involute phenomenon. This correlation is called as a 
mathematical model. The mathematical model for vibration response at motor 
bearing in horizontal direction isas given below: 
For vibration response (Y1H) in horizontal direction at motor bearing, four 
independent π- terms 
(π1, π2 ,π3, and π4) with one dependent π- term (πd1)areconsidered whilecarrying out 
experimentation.  These are available for formulation.  Each dependent π term is the 
function of the misogynist self-sustaining π terms, 
 πd1= f (π1, π2, π3, π4)          (i) 
A feasible exact mathematical structure for thedimensional equations of the 
phenomenon under study could be a relationship understood to be in indices form 
[5]. Forexample, the model representing the behavior of dependent π- term πd1 with 
respect to variousindependent π- terms can be obtained as under. 

 πd1= 𝑘 × 𝜋 × 𝜋 × 𝜋 × 𝜋       (ii) 
The values of indices a, b, c, d,  can be established independently at a time, on the 
basis of datacollected. There are five unknown terms in the equation (ii) viz. curve 
fitting constant k1 and indices a, b, c, d. 
 

For getting the values of unknown indices one could use regression analysis .This is 
as follows: 
By taking log of both the sides of equation (ii) one gets, 
log (πd1) = log 𝑘1 + 𝑎 log  π1 + 𝑏 log π2 + 𝑐 log π3 + 𝑑  log  π4  (iii) 
Let Z1 = log (πd1) ; K1= log 𝑘1 ; 𝐴 = log π1 ; 𝐵 = log π2 ; 𝐶 = log π3 ; 𝐷 = log π4. 
Therefore equation (6) can be represented as:  
  

∑Z1    =nK1+a∑A+b∑B+c∑C+d∑D     (iv) 

∑Z1A=K1∑A+a∑A2+b∑AB+c∑AC+d∑AD    (v) 

∑Z1B=K1∑B+a∑AB+b∑B2+c∑BC+d∑BD    (vi) 

∑Z1C=K1∑C+a∑AC+b∑BC+c∑C2+d∑CD    (vii) 

∑Z1D=K1∑D+a∑AD+b∑BD+c∑CD+d∑D2             (viii) 

In the earlier equation n represents the number of sets of readings. 
The following matrix shows the equations (iv to viii), which is used for modeling in 
MATLAB. 
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[Y]=[X] x[a] 

Now, for model of vibration response (Y1H) in horizontal direction at motor bearing, 
one could obtain the equation in matrix form as: 

Now the value of the indices could be obtained by performing matrix operation using 
MATLAB software.  
The values of the indices are: 
K = 0.0118; a = 0.011; b = 1.5339; c =  0.0217; d = -0.0023, 
Then after substituting the values of the indices, one get the equation for the 
corresponding models as under: 

πd1= 0.012 × 𝜋 . × 𝜋 . × 𝜋 . × 𝜋 .  
 

By using the above steps the model for different dependent pi terms can be formed.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

-1924.25 500.00 -1288.39 -605.77 -1334.02 -5170.01 K 
4958.40 -1288.39 3320.17 1560.95 3437.78 13321.95 a 
2331.33 = -605.77 1560.95 733.93 1616.24 6263.72 b 
5134.29 -1334.02 3437.78 1616.24 3572.03 13793.61 c 

19896.83 -5170.01 13321.95 6263.72 13793.61 53466.66 d 
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ANNEXURE – III 

Model Optimization 

Model optimization is carried out on the basis ofapplying log on both the sides of 
equation (i) to (xii).Linear programming technique  which is explained below is used 
to minimize linear function  

For the dependent πd1 term 

 πd1= 𝑘 × 𝜋 × 𝜋 × 𝜋 × 𝜋       ( 2) 

By applying Log on both sides of this equation,  

Log (πd1) =Log  k1 + a Log (π1)+b Log (π2) + c Log (π3)+d Lo g (π4) (3 ) 

Let, Log (πd1) =Z;   Log k1 =K ; Log (π1)=X1 ;  Log (π2)=X2  ;  Log (π3)= X3, Log 
(π4)=X4;   

Then the linear model in the form of first degree of polynomial can be written as, 

 Z=k + a * X1 + b * X2 + c * X3 + d * X4     ( 9) 

For this situation, vibration amplitude is the target work for the enhancement with 
explicit focus of minimization in perspective on linear  programming issue. 
Furthermore, it is required to utilize the limitation+ns of the issue .During 
observations of information certain scope of independent  π - terms is accomplished. 
Truth be told this range has a base and most extreme worth. In this manner, this range 
can be taken as limitation for this issue. 

Let, π1 max and π1 min, are the most extreme and least estimation of independent  π 
term, Thus the initial two requirements for the issue will be acquired by taking Log of 
these amounts and by substituting the estimation of multipliers of every single other 
variable aside from the one under thought equivalent to zero. Let as far as possible be 
characterized as C1 and C2 (for example C1= Log π1 max), (for example C2= Log π1 
min). 

From above steps optimization has been carried out. 

 

 


