
  

  1395162 245-252
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

H. Parvaz, M. J. Nategh, Stability analysis of free-form workpieces in fixtures, Modares Mechanical Engineering Vol. 16, No. 2, pp. 245-252, 2016 (in Persian)

     -      

12*  

1-          
2-         
 *   111-14115 nategh@modares.ac.ir  

      
  

 :01  1394  
 :01  1394  

 :25 1394  

                         .  
-        -               .      
                 .        

-                      .      
                     -  

       .                  .
                  -       

     .             22-38     
                         .
            -         

       .  

  
     

   
    

     
 -   

  

  

Stability analysis of free-form workpieces in fixtures 

Hadi Parvaz, Mohammad Javad Nategh* 

Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran. 
*P.O.B. 14115-111 Tehran, Iran, nategh@modares.ac.ir 

ARTICLE INFORMATION  ABSTRACT 
Original Research Paper 
Received 22 December 2015 
Accepted 21 January 2016 
Available Online 14 February 2016
 

 The stability analysis of workpiece in fixtures is considered as one of the stages of the fixture 
verification system. The stability of free-form workpieces in fixtures is affected by different agents 
including weight, locators, and clamps and machining wrenches. In this study, a mathematical model 
has been presented for part stability analysis based on the minimum norm principle that led to a non-
linear quadratic optimization problem. The solution to this problem is the reaction forces at the contact 
points between workpiece and locators. The study includes the workpiece stability analysis at the 
loading stages, determination of stability span for workpiece and investigating the effect of the base 
locator's distances on the workpiece stability through examples. A turbine blade model was incorporated 
as the case study to evaluate the suggested model capabilities in stability analysis. The loading 
procedure of this part into the fixture was categorized into sequential stages and its stability was 
investigated in contact with the locators. The results included the stability span of [22°-38°] for the 
workpiece on base locators, increased stability by the distanced base locators and the confirmation of 
the main locating plan through the stability verification at the loading stages. The results showed the 
model efficiency and accuracy in analyzing the free-form part stability in contact with the fixture 
elements. The proposed dexterous model can be integrated into the CAFD platform to be used at the 
early stages of locating and clamping system design applications. 
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1- Partially Observed Markov Decision Processes (POMDP) 
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Fig.  1 The model with freeform geometry with the designed locating 
system adapted for mathematical modeling of stability analysis with 
minimum norm principle  
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Fig. 2 Case study: loading of turbine blade model into the fixture 

2   
 

 
(a)  

) 

  
(b)  

) 

  
(c)  

) 

  
(d)  

) 
Fig. 3 The procedure of workpiece loading into the fixture a) resting on 
the base locators b) the position of nearly contact the side locators c) 
making contact with the side locators while keeping contact with the 
base locators d) making contact with the stop locators while keeping 
contact with the base and side locators 
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Table 1 The position of the locating points for model of Fig. 2 beside 
the normal, the first tangential and second tangential vectors 

 1 2 3 4 5 6 

  
(mm) 

0.00  
-12.53 
-16.16 

180.00  
-52.32 
17.71 

180.00  
44.77 
-8.85 

2.46  
44.39 
-22.63 

171.03  
46.32 
-8.75 

0  
-10 
-9 

(n) 

0.03  
-0.33 
-0.94 

-0.01  
-0.91 
-0.41 

0.08  
0.23 
-.97 

0.03  
0.86 
-0.49 

0.01  
0.82 
-0.57 

-1.00  
0.00 
0.00 

) ( 
0.99  
-0.04 
0.05 

0.99  
-0.05 
0.07 

0.99  
0.01 
0.08 

0.99  
0.01 
0.08 

0.99  
0.01 
0.08 

0.00  
-1.00 
0.00 

) ( 
0.00  
0.94 
-0.33 

0.00  
0.41 
-0.91 

0.00  
0.97 
0.23 

0.00  
0.49 
0.87 

0.00  
0.57 
0.82 

0.00  
0.00 
-1.00 
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Fig.  4 The different potential resting condition of workpiece on the 
base locators (by changing the g vector at the global XYZ coordinate 
system) 
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Fig. 5 The calculated stability area for work piece on the base locators 
(the hatched area between  & ) 
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Table  2 The reaction forces at the base locators in position near to 
making contact with the side locators 

 1 2 3 

(N) 
2.20  
-0.60 
-0.66 

1.25  
0.25 
-0.27 

2.95  
-0.04 
0.12 
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Fig.  6 The second locating plan with base locators near together for 
studying the effect of base locators distances on the workpiece stability 
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Table 3 The pose of the locators in the second locating plan besides the 
normal and the first and second tangential vectors 

 1 2 3 4 5 6 

  
(mm) 

10.39  
6.75 

-20.82 

150.89  
-25.30 
-6.74 

144.25  
34.11 
-13.49 

2.46  
44.39 
-22.63 

171.03  
46.32 
-8.75 

0  
-10 
-9 

(n) 

0.02  
0.40 
0.91 

-0.04  
0.17 
0.98 

-0.07  
-0.13 
0.99 

0.03  
0.86 
-0.49 

0.04  
0.82 
-0.57 

-1.00  
0.00 
0.00 
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0.00  
0.57 
0.82 

0.00  
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Table 4 The reaction forces at the five locators for the second stage of 
loading (Fig. 3c) 

 1 2 3 4 5 

(N) 

4.21  
-0.11 
-1.26 

1.06  
0.08 
-0.30 

4.55  
-0.12 
-1.31 

3.00  
0.32 
-0.84 

0.36  
0.09 
-0.06 
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Table  5 The reaction forces at the six locators for the third stage of 
loading (Fig. 3d) 

 1 2 3 4 5 6 

(N) 

3.35  
-0.10 
1.00 

4.00  
-0.40 
1.13 

1.48  
-0.03 
0.44 

1.96  
-0.04 
0.58 

2.16  
-0.04 
0.64 

6.38  
-0.38 
-1.72 
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