
Research on On-machine Estimation of Fixturing Situation 

Muroran Institute of Technology Jingkai Zeng，Koji Teramoto 

 Abstract 

In precision machining, specialized dedicated fixtures are designed in most cases to avoid variation in fixturing. This 

research aims to utilize general purpose fixtures such as mechanical vise for precision machining. Due to the high precision 

machining process requirements for machining accuracy, so it is necessary to design a reliable fixturing method to reduce the 

workpiece deformation and fixturing disturbance. By applying a hybrid on-machine estimation method, accuracy of FEM 

analysis is very important. Therefore, an actual fixturing situation and a simulated one are compared to investigate a 

reliability of FEM analysis. 

1．Introduction 

In the development of modern manufacturing industry, 

machining process is becoming more and more accurately. The 

fixturing process is an important part of the mechanical 

processing system. The workpiece deformation by fixturing will 

affect the workpiece machining accuracy. An on-machine 

estimation method for fixturing situation has been proposed [1]. 

Fig. 1 illustrates a hybrid estimation method which combines 

FEM analysis and local strain measurement. The estimation 

method is adapted to the on-machine estimation for fixturing 

situation.  

2．Basic concept 

The objective of the research is to investigate an on-machine 

estimation method which can evaluate the deformation of actual 

thin-wall structured parts. The method is based on a combination 

of FEM (Finite Element Method) analysis and local 

measurement. To utilize the method, reliability of FEM analysis 

is important. As the measurement data, we utilize local strain 

measurements to estimate the deformation of actual workpiece. 

Elastic strain is only affected by the local behavior of the 

workpiece. It means that the strain-based estimate can separate 

information of the workpiece from the locating error. When the 

workpiece deformation within the allowable tolerance range, 

because the workpiece can be considered as a rigid body, so we 

just need to evaluate the position and orientation of the 

workpiece surface which can be measured by a few points. 

In this paper, workpiece deformation and strains are evaluated. 

Clamped workpiece with vise fixturing are simulated by using 

FEM based elastic analysis. The calculated results are compared 

with the experimentally measured strain and deformation. 

3．Experiment and simulation

Deformations and strains of a workpiece under the vise 

fixturing is estimated in order to evaluate basic functionality. 

A standard mechanical vise is employed to the experiment. 

Control values of the mechanical vise is unidirectional fixturing 

force (F). The fixturing force of the mechanical vise is controlled 

by tightening torque. A torque wrench is used to add the torque. 

Relations between the fixturing force and torque of vise are 

measured in advance.  As a fixturing part, a thin-structure 

workpiece is employed. The shape of workpiece is illustrated in 
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Fig.2. Strain gages glued at evaluation points in Fig.3 are 

employed to measure the strains. The workpiece attached with 

strain gages is placed on the mechanical vise, and controlled 

fixturing force is loaded. Dimensions of workpieces and strain 

measurement points are illustrated in Fig.3. Fig.4 illustrates 

workholding situations and deformation measurement points. 

Displacements at evaluation points in Fig.4 are measured by 

using dial indicators. As the examples of standard workholding 

situation, F is controlled as 1000N.  

 

4．Result 

In order calculate workpiece deformation, elastic analysis is 

carried out by using commercial FEM software (ANSYS 

Workbench 16.0). For the FEM simulation, the contacts between 

the workpiece and mechanical vise are modeled as friction 

contact and the friction coefficient is assumed as 0.1. 

Fig.5 and Fig.6 illustrate the calculated distribution of 

nominal strain and workpiece deformation respectively. As 

shown in Fig.5, it shows us the gradient of strain distributions is 

perpendicular to the force direction, the normal strain value of 

close to edge is bigger than the strain of far from edge. 

According to the images of calculated strain and calculated 

deformation, we can understand the distribution of strain and 

deformation within the workpiece. The calculated results are 

compared with measured strain and deformation from the vise 

fixturing experiment. 

In order to evaluate calculated results, a workholding 

experiment with the machined workpiece (material is Aluminum 

alloy A2017) and a mechanical vise is carried out. 

Fig.7 and Fig.8 shows comparisons between calculated results 

and measured results. Fig. 7 is comparisons of strain and Fig. 8 

is comparisons of deformation. From the results, proposed 

estimation method can estimate the deformation accurately. 

 

5．Conclusion 

In order to utilize the hybrid estimation method which 

combine locally measured strain and FEM based analysis, 

accuracy of FEM based deformation analysis is evaluated. At the 

well-controlled fixturing situation, the results of FEM analysis 

show good agreement to the actual fixturing situation. The 

results of strain and deformation indicate the feasibility of 

on-machine estimation of thin-structured parts deformation. 
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Fig.5 Calculated strain(x-direction) 

 

 
Fig.6 Calculated deformation(x-direction) 

 

 

Fig.7 Comparison of strains 

 

 
Fig.8 Comparison of deformations 
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