
  



  
    
  









  
    


	


	
	


  
  

  

  
  

  

  

	
	
	

  

  

  
  
  
  

  
  
  
  


	
	


	
	
	

	
	

	
	
	

  

  
    
      
      
      
    
    
    
  

	

  

  

  


  
    



  
    
      GOM Metrology

  




  
    
        
          
        
    


    
      GOM Metrology


    


  
    
    
    
  
  Switch To Main Menu



  
    

    

    	

  
    Explore GOM
    
      
        
      
    
  



  	
      
        
          
            
          
        
        Back
      
    
	
      
        Events
      
  
	
      
        GOM Webinars
      
  
	
      
        Precise Magazine
      
  
	
      
        ZEISS Metrology Newsletter
      
  





	

  
    Products
    
      
        
      
    
  



  	
      
        
          
            
          
        
        Back
      
    
	
      
        High Precision 3D Metrology
        
          
            
          
        
      



  	
      
        
          
            
          
        
        Back
      
    
	
      
        
          
            
          
        
      
    
	
      	
          
            High Precision 3D Metrology
            
              
                
              
            
          
        
	
            
              
                
                ZEISS ATOS LRX
                The Specialist for 3D Scanning of Large-Volume Parts featuring a new generation laser light source
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                High-speed 3D scanning system for industrial applications, precise coverage of complex geometries
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                A tracking system for the live positioning of parts designed especially for production environments
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                3D scanner for the measurement of objects with complex geometries from small to medium size in manual, semiautomated or automated operation.

              

            
          
	
            
              
                
                GOM Scan 1: the next small thing
                GOM Scan 1 is small, mobile and packed with the latest technology. It captures high quality data and delivers precise meshes – easily and fast.

              

            
          
	
            
              
                
                ATOS Compact Scan
                Lightweight portable 3D scanner for scanning, probing and tracking in one single system
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                A flexible measuring station that is suited for efficient quality control of small and medium-sized parts.

              

            
          
	
            
              
                
                TRITOP
                A portable CMM system measuring coordinates of three-dimensional objects

              

            
          
	
            
              
                
                ZEISS T-SCAN hawk 2
                Made to simplify your processes. The portable ZEISS T-SCAN hawk 2 is the next-generation lightweight 3D laser scanner, with metrology-grade precision and remarkable ease of use.
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                Plug-and-play solution for automatic measurement and inspection of small and complex parts up to 500 mm in size.
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                Production-integrated inspection of complex parts
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                Automated production metrology system for parts up to 2 x 3500 mm and 5000 kg
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                Automated measurement of large and heavy components up to 6000 mm with 8-axis kinematics
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                With two robots in one measuring cell, complete car bodies can be measured in an automated process.
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                Automated digitization with ZEISS ScanBox for eMotors for efficient quality control of stators and hairpins.
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                Automated loading of parts for shorter cycle times
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                High-resolution 3D camera system and robust design for high-end testing applications in industrial environments
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                A modular measuring system for 2D and 3D analysis with fast adaptation to different measuring tasks

              

            
          
	
            
              
                
                ARAMIS App
                GOM’s free App for letting you plan measuring tasks quickly and reliably
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                System for evaluating forming processes and verifying simulations to support material selection and the optimization of tools
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                ZEISS INSPECT Optical 3D 
                Formerly known as GOM Inspect Pro and still the software for 3D inspections. That’s how you make quality visible.

              

            
          
	
            
              
                
                ZEISS INSPECT X-Ray
                Formerly known as GOM Volume Inspect, ZEISS INSPECT X-Ray reveals the inside of your parts for the efficient analysis of CT data. 

              

            
          
	
            
              
                
                ZEISS INSPECT Airfoil
                Formerly known as GOM Blade Inspect, the software is the highlight for experts in the measurement and inspection of turbine parts.

              

            
          
	
            
              
                
                ZEISS INSPECT Correlate
                Formerly known as GOM Correlate Pro, the software supports you with the analysis of movement data such as velocities, changes in angle or strains.

              

            
          
	
            
              
                
                ZEISS Reverse Engineering
                Simple steps to CAD  - Generate your CAD model with ZEISS Reverse Engineering

              

            
          
	
            
              
                
                ZEISS CALIGO
                Designed for users in car body construction: With ZEISS CALIGO, you can measure and evaluate not only freeform surfaces but also ruled geometries.
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                Transform quality data into meaningful results – efficiently track your production quality with the reporting and data management software.

              

            
          


    




  
	
      
        3D Computed Tomography
      
  
	
      
        GOM for Education
      
  





	

  
    Solutions
  

	

  
    Services
    
      
        
      
    
  



  	
      
        
          
            
          
        
        Back
      
    
	
      
        GOM Care
      
  
	
      
        ZEISS Quality Training Center
      
  
	
      
        3D Metrology Service
      
  





	

  
    Company
    
      
        
      
    
  



  	
      
        
          
            
          
        
        Back
      
    
	
      
        Contact
      
  
	
      
        Jobs
      
  
	
      
        References
      
  





	

  
    myGOM
  



  



    
      

      	
          
            English - Global
            
              
                
              
            
          
        
	
          
            
              
                
              
            
          
        


    
    


  
    
      
        
      
    
  
  
    
      Country/Region

      
          
            
              Global
              
                
                  
                
              
            
            
              	English - Global


            

          

          
            
              Europe
              
                
                  
                
              
            
            
              	France
	Germany
	Italy
	Netherlands
	Poland


            

          

          
            
              Asia
              
                
                  
                
              
            
            
              	China
	Japan


            

          

      

    

  






  
    
      
        
      
    
  
  
    
      
        
          Search
        

        
          
            
              
                
                  
                  
                    
                  
                

              

            

          

        

      

    

  




  




  

  


  
    

  
    
      
        
          
            
            

            
            

            
            

            
            
          

        


      

    

  


  




  
    
    
    Forming limit curve


    



    Forming limit curve (FLC)


  

  
    
      What is the forming limit curve (FLC) and how is it determined?

The forming limit curve (FLC) describes the maximum formability of sheet metal materials, such as aluminum or steel. The FLC is mostly used in the automotive industry as a material parameter for sheet metal forming applications. It serves as an important input parameter for numerical forming simulations carried out, for example, with AutoForm, PAM-STAMP or LS-DYNA.

The Nakajima test is the most common method to determine forming limit curves. During a Nakajima test series, multiple sheet metal specimens with varying widths are formed in a hydraulic press or sheet metal forming machine until fracture occurs. The test machine or press is equipped with a hemispherical punch of 100 mm in diameter, as described in ISO 12004.

The variation of the specimen width is important to simulate material deformation states from uniaxial to biaxial. A typical Nakajima test series includes between five and seven different geometries and three or more repetitions of each geometry.

As described in ISO 12004, a high-resolution sampling of surface strain values is important to determine the local strains directly before specimen fracture. Only an optical measuring system, such as the ARAMIS system, is suitable to evaluate Nakajima tests and produce accurate forming limit curves.


    

  



    

        

            
                
  
    
        
        
        
        
        
      
    
  


  
    
        
        
        
        
        
      
    
  


  
    
        
        
        
        
        
      
    
  


  
    
        
        
        
        
        
      
    
  


            

        


    






  
    
      
          

              
              



          

      

        
          
        

    

    


  
    

  
    
      Incoming material control

In the automotive industry, the quality of the incoming sheet metal material has a significant influence on the production of stamped parts. Wrong material parameters and thickness variations in the sheet metal coils lead to unforeseen material flow during deep drawing. This poses a risk of producing split parts in the press shops. To prevent this, the forming limit curve usually is determined with the ARAMIS system during the incoming material control. Another helpful tool for guaranteeing the incoming material quality is the optical forming analysis tool ARGUS together with the cross-die test, for example. The cross-die test produces a deep-drawn part that shows high levels of uniaxial and biaxial deformation and answers the question whether the material can withstand the required forming levels.

    

  


  

  
    

  
    
      Validation of numerical forming simulations

The initial stage of developing formed sheet metal parts usually is to perform a numerical forming simulation. This simulation predicts whether the forming process will produce correct parts in terms of geometry and material flow. The material flow is a very important factor. Too much material flow causes parts to break during the deep drawing process. Numerical forming simulations are using many assumptions that might not be correct, such as simulated tool geometry, constant material thickness and parameters. With the optical forming analysis tool ARGUS, the validation and optimization of these theoretical calculations are done by measuring the prototype parts and comparing the simulation results with the real measurements directly in the ARGUS software. ARGUS supports the following simulation software packages: LS-DYNA, AutoForm, PAM-STAMP, and so on.

    

  


  

  
    

  
    
      Tool try-out

The forming limits of a material might be exceeded during the stamping process without this being immediately visible to the human eye. The ARGUS forming analysis system checks for areas of the material that have been critically weakened, for example, due to extreme material thickness reduction. The strain values and the thickness reduction are displayed as graphics and validated in relation to the forming limit curve of the selected material. The forming limit diagram reveals those areas where stamping parameters, such as lubrication, down-holder force, blank positioning, need to be adjusted or areas of the die that need reworking. The ARGUS system helps to detect material defects that arise during the forming process. At the same time, the system supports the optimization of tool try-out.

    

  


  



  





  
    
        3D Testing

        3D Testing with GOM systems. ARAMIS, ARGUS and TRITOP enable a detailed and reliable analysis of component changes.
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  Stay up to date, connect with us!
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