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      ABSTRACT:  

The rapid developments in the computing technology are beneficial in precisely recognizing the 

active links in spindle-holder tool compilations; these are crucially needed for envisaging tool 

point frequency reaction operation and assessing the cutting procedure stability. This lesson talks 

about the mathematical calculation of the Levenberg-Marquardt technique that was used to 

recognize the unidentified factors at spindle-holder and holder-tool borders. So as to validate the 

recommended mathematical prototype numerical and investigational evaluation of the spindle-

holder-tool compilation was undertaken. 
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Introduction 

Linking of spindle-holder-tool is one of the 

major crucial machine tool elements since 

its static and dynamic conduct, strength, 

speed, between several others, have a crucial 

influence on the general performance of 

machine tools. Reformative talk is a popular 

machining conundrum that occurs due to 

cutting tool-work piece link communication 

which may lead to  

 

unpredictability process, lowered material 

elimination ratio and inadequate quality of 

the surface. So as to recognize the steady 

and changeable cutting domain in the 

machining procedure strength, people for 

past several years have been employing lobe 

diagrams of spindle-holder-tool linkages. 

For creating such diagrams frequency 

response function (FRF) of the assembly is 
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required to be attained initially. The tool 

point FRF is characteristically attained by 

investigational modal evaluation. On the 

other hand, on account of several holder and 

tool permutations, so as to mitigate modal 

validation which may take up a lot of time, 

several analysts have created semi-

assessable methods to get the tool point 

FRF. The preciseness of these prototypes 

intensely relies on the precise recognition of 

dynamical link factors at the spindle-holder 

and holder-tool edges. Thus, the recognition 

dynamical link factors for getting the precise 

tool point FRF by merging the receptance 

coupling and structural alteration methods 

where all elements of the spindle-holder-

tool assembly were designed by evaluation 

using the Timoshenko beam theory. Schmitz 

et al. [2] put forth the off-diagonal aspects to 

the diagonal joint stiffness matrix to be 

responsible for the changes forced by 

moments and rotations that were due to 

forces. In the current study, the researcher 

has used the Levenberg-Marquardt 

technique to recognize the unidentified 

factors for linking the spindle-holder-tool. 

The recommended mathematical prototype 

is initially employed in the case study for 

showing the evaluation. Then, it is tested 

through investigation for linking a spindle-

holder-tool.  

1. MATHEMATICAL PROTOTYPE 

The evaluation of intricate dynamical 

systems like the spindle assemblies can be 

made easy by segregating a complete system 

down to a group of linked subsystems. Thus, 

in this paper the issue discussing the dynamic 

attributes of the spindle-holder can be made 

easy so that rather than considering it to be 

one, the particular system is concerned to be 

made up of three different subsystems, viz., a 

spindle, a holder and tool. The elements of 

these assembly need to be coupled elastically 

on account of adaptability and damping as a 

result of link factors at spindle-holder and 

holder-tool interfaces. In the current lesson, 

the researchers used the method [1], where 

some aspect of the holder within the spindle 

(Fig. 1a) and the elelment of the tool within 

the holder is regarded to be strictly jint to the 

holder (Fig. 1b). The intricate stiffness 

matrix, symbolizing the spindle-holder 

interface dymanics, has the subsequent form: 

EQUATION 1 

In this, SHk1 refers to the transitional stiffness, 

SHC1, stands for the translational damping, 

SHkr refers to the rotational stiffness and SHcr 

indicates the rotational damping at the 
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spindle-holder interface. If we presume that 

the response matrices of the subsystem S 

(spindle with bearings) and subsystem H 

(holder) are identified, then it can be 

calculated by employing a technique of 

receptive coupling, to get the entire system 

response matrix SH(spindle-holder) at the 

holder tip:  

SHii = Hii-Hic (Hcc+Scc+SHK-1)-1 Hci (2) 

The interface dynamics amongst the holder 

and the tool can be articulated in Eq. (3): 

 

EQUATION 3 

In this equation HTkt indicates the transitional 

stiffness while HTCt represents the damping at 

the holder-tool interface. Furthermore, HTkr 

indicates the rotational stiffness and HTCr 

stands for the damping at the holder-

interface. Figure 1.The receptance matrix of 

the general system SHT (spindle-holder-tool) 

at the tip of the tool is got by equation 4: 

SHTii = Tii-Tic (Tcc+SHcc+HTK-1)-1 

Tci    (2) 

So as to successfully employ equation (2) and 

(4) to envisage the frequency response 

function at both the holder and tool tip, it is 

essential to identify the unspecified aspects, 

viz., the translational stiffness, the 

translational damping, the rotational stiffness 

and the rotational damping at both the 

spindle-holder and holder-tool edge. The 

subsequent segment discusses the technique 

employed to recognize these aspects. 

 

3. Recognizing the factors of the 

spindle-holder-tool link 

3.1 Mathematical Backdrop 

The overall method to the issue related to 

recognizing factors is indicated in Fig. 2; all 

the aspects from describing the conundrum 

to attaining most suitable replies are 

included in this. A system that is most 

suitable needs to be put forth by a suitable 

mathematical prototype (for instance a syste 

of differential equations), post which one 

needs to describe the aims of the research. 

So as to maximize the system, it is essential 

to allow the modifications of its shape and 

framework. The presumption is that the 

mathematical prototype can be explained by 

a system that comprises of differential 

equations: 

Dy=f(t,y, Ө), y(t0, Ө) = y0 (Ө) 

 (5) 

In this Ө, refers to a vector of unidentified 

factors, y stands for the dependent state 

vector of t and Ө, f stands for the nonlinear 

operation; D represents n*x constant 

diagonal matrix.  
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Figure 2 

Every calculation can be described by the 

subsequent factors: 

(ci, ti, yi),      I = 1,2, …..m   (6)  

In this, ci stands for the element vector y 

which is calculated, ti stands for the time of 

measurement and yi represents the calculated 

worth, while m stands for the total number of 

calculations. The reply of Eq. (5) for ci 

element at a time ti , which is equivalent to the 

i-th calculation, is considered to be yci (ti, Ө). 

The usual method to the issue of factor 

recognition is to mitigate the variations 

amongst the inferences drawn by calculating 

and by the mathematical prototype, i.e. : 

 ri (Ө) – yc1 (ti, Ө) – yi   

 (7) 

One of the frequently employed techniques 

of factor recognition is the least squares 

technique, wherein the approximation of the 

constants of the prototypes are selected in a 

way to ensure that the total of the squared 

remainders is mitigated. The variations 

amongst the outcomes got after investigation 

and by employing the mathematical 

prototype are symbolized by vector r: 

r(Ө)=[r1(Ө) r2 (Ө) ….. rm (Ө)]T 

 (8) 

which is the foundation to get an articulation 

for the objective operation” 

EQUATION 9 

Recognition of the factors can be calculated 

as given under: 

Ө* = arg min Ө f(Ө)  (10) 

In this equation, Ө is the vector of factors and 

Ө* refers to the vector that mitigates the 

intended operation. If the intended operation 

is two times consistently differentiable, then 

the subsequent Taylor expansion for f is used: 

EQUATION 11 

The gradient g and Hessian matrix H are 

described as subsequently: 

EQUATION 12, 13 

For the intended operation the gradient and 

Hessian are represented by: 

EQUATION 14, 15 

In the above equation, J (Ө) stands for the 

Jacobian matrix. The Levenberg-Marquardth 

algorithm relies on the presumption that the 

mistake r(Ө) around the point Ө(k) may be 

envisaged by the initial two members of 

Taylor’s series: 

EQUATION 16 
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Subsequently, rather than mitigating the 

intended aim, its approximation is mitigated: 

EQUATION 17 

Solving the earlier equation to zero, the 

subsequent articulation which mitigates the 

operation 917) is derived: 

JT (Ө(k)). J(Ө(k)). (Ө- Ө(k))+ JT(Ө(k)).r*( Өk) 

= 0    (18) 

After adding the learning coefficient α(k), 

with Ө = Ө(k+1), we can get the subsequent 

equation: 

Ө (k+1) = Ө (k) –α(k)[JT(Ө(k). J (Ө(k))]-1JT(Ө(k))

 . r*(Ө(k))   (19) 

In the literature, these equations symbolize 

Guass-Newton algorithm for α(k)=1, that is, 

Gauss-Newton damped algorithm for 

variable α(k)<1.\, wherein the Hessian matrix 

can be substituted with a matrix: 

H(Ө(k)) = JT (Ө(k)) J(Ө(k))  

 (20) 

The approximate matrix of the Hessian 

matrix was put forth by Levenberg: 

H(Ө(k)) = JT (Ө(k)) J(Ө(k))+ µI 

 (21) 

By substituting  the Hessian matrix with 

Levenberg matrix, the final articulation for 

measurement of the factors is got:  

 

Depending on the mathematical prototype 

discussed, a program for recognizing the 

unidentified factors was written in the 

MATLAB software package.  

3.2 Numerical Case Study 

In this segment, an numerical case instance 

for the recognition method discussed is put 

forth. Geometry of the spindle-holder-tool 

link employed for numerical simulation, 

bearings, and interface linkages attributes 

and all other data linked to FEM prototype 

are provided in [3]. The values of the 

recognized factors are indicated in Table 1, 

along with mistakes related to recognition. 

Figure 3a and 3b indicate the contrast of FRF 

at both the tip of the tool holder and the tip of 

the tool with the recognized and actual 

values. As indicated in Fig. 3, the preciseness 

of the recognized factors exceeds satisfactory 

levels. A few bigger mistakes are seen in the 

recognition of the rotational stiffness, as this 

factor has no crucial influence in the 

amalgamation of active subsystems. The 

most crucial aspect in the amalgamation of 
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active subsytems is transitional stiffness, and 

these values are precisely recognized.  
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3.3 Experimental Case Instance: 

In this segment apart from the analytical case 

instance, an experimental case instance for 

the factor recognition method is explained, 

merging investigational and FEM 

information. The spindle-holder-tool linkage 

indicated in Fig. 4 is suspended to get free-

free end settings for executing an impact 

tests. Experiments were conducted with ISO 

30 type holder in which the carbide tools with 

varied amalgamation of tool diameters (D = 

9-30 mm) and varied tool overhang lengths 

(L= 16-83 mm). These teo factors have the 

most intense on their values.  

 

So as to offer adequate data for evaluation of 

the linked factors at the holder-tool interface 

178 calculations were done with varied 

amalgamations of the spindle-holder-tool 

linkage. Fig. 5 and Fig. 6 both indicate the 

outcomes recognized under transitional 

stiffness and damping at the holder-tool 

interface. From these images, one can infer 

that with the rise in the diameter and tool 

overhang length take place which result in a 

rise in the size of transitional stiffness at the 

holder-tool interface. However, it is 

impossible to derive overall inferences on the 

influence of these factors on transitional 

damping.  
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CONCLUSION: One of the major crucial 

needs in utilization of the spindle link is its 

active conduct, so the chief objective of the 

research was to create a mathematical 

prototype for recognizing the contact factors 

at both the spindle-holder and holder-tool 

interfaces. The recommended prototype was 

evaluated and investigated and validated and 

adequate preciseness of the recognized 

aspects was inferred.  

 

 

 


