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1. 

1.1         .

            .   
             1700.   

                
    .          

  .           Jacques de Vaucanson
( .1.1.1)          ( . 1.1.2),    1770 . .

         .   
              

      (mill),       
     .          

       1810.      
  Springfield  Harpers Ferry.      “ ”  

       Eli  Whitney,        
     Springfield,   Roswell Lee,    Springfield,   Cpt.

John H. Hall   Harpers Ferry . .  Eli Whitney      ( 1.1.3)
      1818.        

   ,      1825.    ,      
 ,     .

           
 .   ,      

.          Jacob Nasmyth ( .1.1.4). ,   
         ,     

     ,         
        (  60 ).       

  1830      .  ,       1850,
    .   Lincoln ( .1.1.5)      

    .         

. . .  -    –  3

1.1. 2:      Vaucanson  1775 1.1. 1: Jacques de Vaucanson

1.1. 3:      Eli Whitney
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    .           
  ,  George S. Lincoln & Company.        1855 

   Colt.             
 '         .        
             . 

                 
.   ,      ,    

   .          
 ,    ,      .

   ,  1861,      Brown & Sharpe    
   ,           

     .    Joseph R. Brown      
“   ”( . 1.1.6) (universal milling machine).      

               .
           ,  
    ,  ,    .     , 

    ,         .  
     1864,         ,  

        .      
            

.

      ,     . ,
    '30      .     

  ,         .   
         ,    
.             .

         .         
      .

. . .  -    –  4

1.1. 4:    Jacob Nasmyth

1.1.5:   
 Lincoln

1.1. 6:  Brown &
Sharpe 1861
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       “ ”,       ,  
   .          

   .         ,
     .        

  ,         CNC  ,    1930   
   .

            1936  Rudolph
Bannow              . 
1938   ,  Bridgeport Machines,      Bridgeport Series I ( . 1.1.7).

            
.               

          .     
 “  Bridgeport”,          Personal Computer  IBM

  PC.               
:

    ,

 ,

            
 , 

    ,

    .
  ,         ,    

     ,  ,      
 .              
  250.000 .

    1940         .   
       .    

,      1930         .
          '       

        
  .          

    .         
            '   .  

         .      
        ,         

     ,           ' . .
       ,        . 

, ,     ,     ,   
.            

     ,       ,  .

. . .  -    –  5

1.1. 7   Bridgeport
Series I  1938
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1.2   .   ,     
   NC.

      ,  John Parsons.     
           

       .

     1942  John Parsons,       , Parsons
Machining Corp.,           Sykorski Aircraft.  

             . H
Sykorski    Parsons  17             

      .      
      Frank  Stulen.   Stulen     
      Parsons         .

        ,      
     .  Stulen       

    .   Parsons       Stulen,    , 
  ,      200   17     

       .  O Stulen    .   
   :         ,

            .        
         .    ,  
  ,            

   .  Parsons     “   ” (“by the numbers”,  .
1.2.1).              

 .  1949          
     ,           
  Jet,           . 

           ,     
        .

        .     Parsons,  
       Snyder  Machine  and  Tool  Corp.,    
 '     .     ,   

            . '  ,
              

   .          
     ,         . 
           .      

    (information  feedback).       
  Parsons,          ,  

 Gordon S. Brown  M.I.T. (Gordon S. Brown Servomechanisms Laboratory of M.I.T.). 
            

 B-29 Superfortress        
 SCR-584     '  .

. . .  -    –  6

1.2. 1:  “   ”
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     M.I.T.    William Pease      James McDonough.  
         (feedback).   

   .    ( . 1.2.2)   
 .         ,       

.  ,          
 ( .1.2.3)            

.               

.        ,      
        . . .      
                 

     ( .1.2.4, .1.2.5).

. . .  -    –  7

1.2.  4:         .        
   

1.2. 3:   

1.2. 2:    
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    Pease  McDonough   .      
Parsons    .          

  ,         ,   
       .     

 .   ,      '    . 
     . ,     , 

   ,     .      
Parsons,  . . .             , 

             . 
     .      ,   

     Parsons           .
'  ,    1950,  . . .    “HydroTel” (  1.2.6)  Cincinnati Milling

Machine Company (  Milacron)        Parsons.  '   
        Parsons1,     1952  . . .

   Scientific  American        
 ( .  1.2.7, .  1.2.8),      90       

    ,  Brown & Sharpe Universal Milling Machine.

1  US Patent 2,820,187 14 January 1958

. . .  -    –  8

1.2.  5:              
   .
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1.2. 7:        Cincinnati HydroTel      . . .

1.2. 6:  Cincinnati HydroTel  . . .        , , 
      .
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      .         .
  250     175  .           
      .         

     . '  ,   1952    1956
          

 ,           .   '   
     ,       , 

       .

     .  1953       
   .        Giddings & Lewis Machine Tool Co.

,  1955      . . .      Concord Controls,  
  Giddings.       Numericord  ( .  1.2.9).    

,           . . .      
  ,        General Electric.   

      .       ,  
      ,        

    Numericord.      ,   
 ,          

.              
           

.  Monarch Machine Tools       1952.  1955   
          Chicago Machine Tool Show.   

         Kearney & Trecker   Milwaukee Matic II
( . 1.2.10).              

   . ,     ,     
   1959.

'              
   ,          .  

              
          .   

      Boeing,         “  
     ,   ,    
       ”.        

              . . .  
  ,     “      

   ”    “         
”.               

 .

. . .  -    –  10

1.2.  8:    Numericord.       
          

 . . .

1.2.  9:   Milwaukee  Matic  II   1959.   
   .
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1.3       (NC),    
 (CNC).

             '50. 
                

  .

'                
  ,     ,     .    

     ,   ,       
               

    ,      .     
              

    .

   1950  . . .        ,  
        CRT.       

John  Runyon      ,    . . .    Whirlwind   ( .
,  .  1.3.1),           

 .             
                 
.                

 .  ,             
      8   15   .  '     

    ,        
.             
      .    1956    

  . . .             
               APT

(Automatically  Programmable  Tool).          APT,  
      CNC,    Douglas T. Ross  ( . 1.3.2).   

            
.

                
     .  Patrick J. Hanratty ( . 1.3.3)  

  General Electric     .       
   G.E.   Giddings & Lewis   Concord Controls   Numericord.  G.E.
               

      Numericord.          
     PRONTO    Numericord   1958,   

 APT       .   Hanratty    G.E.   
   MICR     General  Motors     

  DAC-1.         (Computer Aided
Design, CAD).

. . .  -    –  11

1.3.  2:  Douglas  T.  Ross.
  

   
APT

1.3. 1:    Whirlwind. 
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 25   1959   (Aircraft Industries Association),     
  . . .(AMC)   . . .         . . .,  

            .  
 APT,    ,           

.                
 .          ,   

          .   
              

.                The New
Yorker  28    1959,       Douglas T. Ross,     

  “     APT     ”.   ,
          ,  

     The  San  Francisco  Chronicle.        
         .   :

“                ,
                  .

         . . .      
        .

   .”

“...    ”     Ross         
       ,   

          . . . 
  APT.           

   2D-APT-II.          .
     . . .          

   CAD.

     APT     . . .     Illinois Institute
of Technology Research.  1963, ,       . . . (USASI)  

  .3.4.7,        APT   
.

         CNC    
,   PRONTO     .      APT  
.    1968,       20   

     . ,       APT
     '60,           . 
        .     

 1960   APT           
 .

. . .  -    –  12

1.3.  4:   
1.3. 3: Patrick J. Hanratty. 
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1.4     CAD    ,   
CNC.

 1953   . . .            
    .           
    ,    .     

              
.

           .  
   1959,     ,     

      Computer Aided Design (   
).              . . .

       $223.000       
         .   

              
  .  '          ,  

. .D,       1965.

     . . .,        
    General Motors.   1959        ,

          G.M.   
      G.M.         
       ,   Chevrolet,  Cadillac,

Buick, Oldsmobile, Vauxhall . .            ,

   IBM      .      DAC-1
(Design Assisted by Computer)  ( .  1.4.1,  .  1.4.3)         

  ,           '  
 .             

     .         
            

               
  .  ,      DAC-1    

   '       CRT ( . 1.4.2)     
 APT,         CNC.  1963  DAC-1    

           ( . 1.4.4, . 1.4.5) 
     .          

.

. . .  -    –  13

1.4.  1:    DAC-1   GM.     CRT   
        '  

.   ,  Cadillac El Dorado.

1.4. 2:  scanner    
     

 .
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     ,    Lincoln   . . .  
  .          Whirlwind   

   TX-2.        ,  
  ,  TX-0.

     TX-2,  
  TX-0       

        CRT.
         Sketchpad  

Ivan  Sutherland  ( .  1.4.6)    TX-2.   
 ,     ,   

       CAD.
,  ,     ,  

    (  
      . .).  

        
        

 ( . 1.4.7).

. . .  -    –  14

1.4. 3:    Chevrolet Corvette '71    DAC-1.

1.4. 4:           Cadillac 
1963   .

1.4. 5:      

1.4.  6:   Ivan  Sutherland    
    Sketchpad.
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       . . .       
  CAD.     EDM (Electronic  Drafting  Machine),    

    Control Data       Digigraphics. '   
         ,    

.        .     
               

      .       
    .      ,     

       ,    Lockheed Martin,    
    .      Lockheed Martin    

  C5  Galaxy  ( .  1.4.8,  .  1.4.9).     ,  
     C5A        (C5A,C5B,C5M)

     .   C5 Galaxy       
 ,   .

    1970         CAD  
    .         
     DNC (Direct Numerical Control)   

 ,             .   
         ,    

  .              
 .  ,         

,     (laser,  waterjet,  . .),      ,  
        .

. . .  -    –  15

1.4. 7:    Sketchpad.        ,     
      .         
            CAD.

1.4. 8:    C5 Galaxy

1.4. 9:     A10
   C5 Galaxy   

   .



 .    :           
Vericut. 

2.   –      
.

                
       ,      

,       .       
               

    .           
:

    

    

     

2.1     .

              
              CNC. 

               
           .   

       .       
        .

         , 
         Pease   McDonough    

  (NC)    . . .,      
.        ,     ,

      . 

          ( = / )       
             . 

 ·m.          ,     
         .  ,     

            .  '    
       ,      ,  
     .       

             
.

     ( . 2.1.1)        
  ,   ,         

              
. ,           :

  .

         .   
   :

  ,      :    12.000 rpm.

  :    50.000 rpm.

      (peak  power)    
.

        :

 : 40  60

 : 30  50

  : 50  70

  (Pmax)          100 K Watt = 135.95 PS

. . .  -    –  16
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        ,    ,     
 .       ,    ,   

  (gearbox)       (CV-Transmission),  
  ,     ,   

     ( . 2.1.2).       
       (DC)     

.           .

    ,        
   .            

            .  
             .
,                

 .            ,   
                .

        .  '   ,       
       ,      .  

 ,         ,    
            .  
           :

          .

   6.000rpm.

      (peak torque)    .

     15KWatt = 20,4 PS

          ,     
    ,   . ,    

   ,     .

  ,      ,        
   .            .  

   :

 = 2· ·n,  n =>    

        ( .  2.1.3,  .  2.1.4),    
,   ,    ,      n :

 = ·d·n,  d =>     / n =>    

. . .  -    –  17

2.1. 1:     

2.1. 2:    CNC
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  ( . 2.1.3, . 2.1.4)            .
          :

   (fu): /

     (fz):  /       
       .

       :

fu = fz·z·n,  z=>       / n =>    ,

       :

   (fu): / .    

   (frev): /   ,    .

       :

fu =  frev ·n,  n =>    

. . .  -    –  18

2.1.3:         

2.2. 4:        
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2.2     .

           
     .        

,           .    
      .

              . 
           ,       

     ( . 2.2.1).

 '            
,             .    

 ,            . 
          .      

  .  ,            
               

         .        
      .

  ,       .    ( ),
   ( ),      ( ),         

.       .       
  :

+ + =90

( )             
             
 .          ,   

      .      
    .

( )             .   
              
          .

( )               
      ,  '       

     + + =90 .

      .         
   . :

. . .  -    –  19

2.2. 1:    
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         ,     
            .    

     .

            ,  
        ( . 2.2.2).
 

               
           .   ,

,     .  , ,      
              .

          
   .         .    
         .       

        .        
       .       

               .
   ,              ( )

    ( ).     ,        
.                
   ,         .   
     ,        

 .          . 
             

  ,       
  .

         ,  
   .  ,          

:

. . .  -    –  20

2.2. 2:    .        
   .
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  .

 .

     .

    ,        
     .       ( , )

( . 2.2.3)  .       ,     
      .         

   .           
 ( .  2.2.4).      ,      ,    

        .

               . 
 ( .  2.2.5)    ,      

             
  .           

 .        ,     ,  

. . .  -    –  21

2.2. 4:    .   
  ( )  ,  ,    
 .

2.2. 3:          
        ( , )   

.
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   ,           
.            

,          ,   
,          

. ,          ,  ,
            .

              
  . '  ,         

               .  
           

   .  ,       :

    

   

  

         .
         ,    
     .

             
    .        ,     
.        .       

        .     
   .          
      65%  80%.       

               
   ( . 2.2.6).

            
      (  2.2.7).       

        ,      
             .   

           ,   
.

             
    .          
,        ,        

. . .  -    –  22

2.2. 5:        
 .     

        
.
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  .        ,   
             .

     Vericut         
     ,         
.                
     .

             
             ,    
    .

. . .  -    –  23

2.2.  6:      
     

20.

2.2.  7:      
     

20.

2.2 8:     
    Vericut.
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2.3     .

              
.    ,  ,   ,    

   .              
      .         

       :

    

      

  

 - .

        :

    

  .

        ,    
       .        

             
      .

     ,    .    
       .      

          ,    
  .           

   ,            .  
             .

        ,    
,    .         

        ,        
.

    ,      ,   
  .           .

              
.   ( . 2.3.1, . 2.3.3, . 2.3.4)       

            .

. . .  -    –  24

2.3. 1:              .
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       ,      ,   
             

.        ,         
  ,            
  .           

    .          
              

       ( . 2.3.2).

. . .  -    –  25

2.3. 2:    T      Vc    f 
      e   .

2.3. 3:      
     
  .   

    
 .

2.3.  4:      
  .   

  (  )    600nm.
      

      .
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3.   Vericut.      .

 Vericut       .     
      ,    ,  

         . ,     
,              

.      ,       ,   
,        . ,   

                
  . ,         ,

           .     
      ,       

       .

          :

       . (stock)

   . (toolpath)

     . (Cutting tools Library)

   ,  Vericut       . ' 
,            , ,  '    

     ,        
,         .

       ,      
,       .  ,  :

    . (fixture)

   . (designed part)

     .

. .

    ,       
  .            

  .  ,          ,
           ,    

       .         
    ,      ,    
  .

 Vericut,  ,           
CAD  CAM ,             .

,      ,        
 CAD      CAM        

,         .      
       .

. . .  -    –  26
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3.1        Vericut

     Vericut          :

  (library files)

  (sample files)

       ,       
 .       :

vericut default:             .
      ,   ,   

  ( ,     ).       
       .      

  Vericut,            
         CAD.

Vericut initialisation:            
    (File menu>New). ,      

   .

Job files:             Vericut   
 5.0  . '   ,     

 ,         4.4  .

Control  files:        ,     
 CAD     .    

 compiler     .     
      .

Machine files:        
 ,        .   

 ,   . .
               
    ,          

   .            
    .            

 Vericut,          .

        
     .        
       Vericut      

 .

      .       
.          .      

.     .          , 
log  Vericut           ( . 3.1.1).

. . .  -    –  27

3.1 1:   .           .
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3.2          Vericut.

      ,     ,     
        .       

   ,     .  :

   (Tool path files)

  (User files)

  IP (In Process files)

    (Log and Results files)

    (Control and machine files)

            ,   
 (.prt files)    . .     ,   

    , ,  ,    
  .     :

Tool path files:            ,  ,
      .      
           .

    toolpath: ASCII APT-CLS  G-code    
 .          ,   Vericut   

 .

User files:               
    .        ,

       ,     .
    ,    ;     

  .          
 .         

(templates)     ,        
.

In  Process  files:            
  ,         

  .            
    .

Log files   Results files:         
 .            

              .
            ,  
   .        .

,         (.txt file)     
 .

Machine files  Control files:         
         G (G-code).   machine file

(  )           ,
 ,      . .    (control file) 
         G-code   

.       ,      . .

. . .  -    –  28
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3.3    Vericut

    Vericut  ,      .  Vericut
         CAM   .  

         ,     
 .             

 .  '   ,        ,  
      .      ,

           ,     
    .

     Vericut     ,    
  :

Start > Programs > CGTech VERICUT > VERICUT 

    Vericut      CA ,     
     .  ,  ProEngineer Wildfire 3.0,   
 Vericut     ,      :

   “Tools”  ,    “Options”.

    ,    “nccheck”,     
  ,  .

           .   
       Vericut.

    ,  Vericut  ,      
toolpath.    :

  “Menu Manager”,    “CL Data”.

    NC Check.

      “toolpath”    (CL File  G-Code).

 “Done”,   Vericut.

  ,  Vericut,     ,    
,                

.        ,         
 CAM.  '  ,    Vericut,     , 

         .

      Vericut       CAM   
           ,     

       .       
 ,      .

. . .  -    –  29
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. . .  -    –  30

3.3 2:      Vericut.   
        .

3.3 1:      CAM   ProEngineer
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3.4     Vericut

  ,       Vericut,        
  (toolpath).              

   Vericut      . '  ,  
     Vericut     .    

    ,     Vericut     toolpath.

)  

          .    :

   “File”   “Properties”

     ,  “Default Units” =  Inch  Millimetre. 
              

   user  file   .       
  “New Session”.

)  ( ) 

          (stock).      
        .      

  .prt    .     ,  ,     
,    .          

    ,        .
        .     

               
 ,  Vericut           . 

        :

   “Model”    “Model Definition”

    ,          user,   
   “Active  Component”    “Stock”.    ,   

    .

      .    :

Block:       .

. . .  -    –  31

3.4 1:              .
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Cone:        .

Cylinder:       .

Model file:        CAD   .

              
 CAD,      ,       
.  ,      “Block”,      

   x  x .

      ,   “Add”,   
“Component Tree”.          

.          CAD/CAM, 
“Component  Model Tree”        .  

              ,
   .

            
         “Fit”.

. . .  -    –  32

3.4 2:             
 ,     .
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)  

           .  
 “View”     “Axes”.          

    .           ,   
                

  .      :

   “Setup”    “Coord. System”.

 “Define”,    .

  “Coordinate System Name”      .

    “Position”           
,       (stock),    (model)   

 (fixture)

        ,       
       .    ,   

        ,      
    Vericut,        . 

     “From”  “To”    .   
  “From”          .
  “To”          “Move”   

    ,        .   
        .

. . .  -    –  33

3.4 3:            
.



 .    :           
Vericut. 

)     (toolpath)

      “toolpath”      Vericut.     
 “toolpath”:

   “Setup”     “Toolpath”

 “Add”,           .

 “OK”,       “toolpath”.

    ,          
“toolpath”     .         

 “Toolpath  Origin”.           
     .

          ,     
     ,      ,  

   . .       “Tool Change By”.    
     Vericut,       .   , ,

        .

. . .  -    –  34

3.4  4:              .



 .    :           
Vericut. 

3.5      Vericut.

      CAD     
(assembly)    CAM.   Vericut      CAM, , 

     ,   CAM     Vericut   
.    Vericut     ,      

      (    . .),  
      .        Vericut,   
         CAD/CAM.      

,    .

         .     
         .     

       .      :

 ,   Stock,  Block  X-Y-Z = 100-50-25.

    Fixture,  Block  X-Y-Z = 300-250-10.

      :

    Stock         3.4. 
       “Component  Tree'”,   

“Add”.         ,   
    “OK”.

  ,         .  
         .     

“Position”          
   3.4.

      fixture     stock.      
,     “Active  Component”,     ,   

“Fixture”.        .

              stock.
   “Position”     “From”.      
    fixture,        .   

   “To”.             . 
           stock.

         stock     fixture. 
                     

Vericut            .

. . .  -    –  35

3.5 1:      (stock)



 .    :           
Vericut. 

      Vericut          
          (fixture)      

  .

           Vericut      
 ,        “Motion”   .

. . .  -    –  36

3.5 2:         fixture.        
       Vericut         

   .

3.5 3:          .



 .    :           
Vericut. 

3.6          
.

          
,      .        

     .        ,   
 “Session”       .     

 ,    ,     .

   ,   :

  ,            
   .

  log,            
          .

 ,         error log.     
          .

             
   Vericut          :

)     .

   , ,  , “File ==> New Session”

       ,      
 3.4,   “Millimetre”    “New Session”

)    (stock).

      stock,      3.5.
            . ,

         Vericut.     
,  “Active Component = Stock”,    “Type”   “Model”.

     ,   “Browse”.

    “Shortcut”,  to “CGTECH_SAMPLES”.

    “Filter”,      ,   “.stk”.

    ,    “idlerarm.stk”.     “Open”,
    “Model  Definition”         

   “Model file”.

   “Add”,     “Component Tree”.

)   .

    3.5,     .    
           .   

“Type”       “Model”.          
   stock,         “Filter”  

“.fxt”.

       "idlerarm.fxt",      
 CAD.

   “Add”,     “Component Tree”.

)    “toolpath”.

    toolpath       3.4.   
       “Add”       

  .   “Filter”   “.tp”

. . .  -    –  37



 .    :           
Vericut. 

      toolpath,      .
         .   

               
.         stock     

toolpath.               
 .       ,       

.

)    .

    3.4,     “Position1”

          “Position”     
       stock,        .

        .

   “Apply”,        .

         (x,y,z)=(15,50,5).   
“From”   ,    “To”    15 50 5.    “Move”  

     .         
     toolpath,          

toolpath,     “Toolpath Origin”      
.

. . .  -    –  38

3.6. 1:          .    
   .       .    

.



 .    :           
Vericut. 
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3.6. 2:   stock.       .     
          CAD.

3.6. 3:   stock     .



 .    :           
Vericut. 
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3.6. 4:     .       Vericut 
 .     .



 .    :           
Vericut. 

3.7         CAM.

    Vericut        CAM    
    CAM   . ,   CAM   

 batch file,  :

  Vericut.

   user (.usr)

  Vericut     stock,   fixture      .

      .

   toolpath.

     .

     .       Vericut   
             

     .      , 
  ,      .

     ,       ,    
        Vericut.      

   3.3,       Vericut.   
          Vericut   

  CAM  ProEngineer Wildfire 3.0.  Vericut         
  CAM,    PTC (ProEngineer, ProEngineer Wildfire, CreoElements)  

Dassault Systèmes (CATIA v4, CATIA v5) . .

                
 CAM.       ,      

 .       ,     
.           Vericut   

 .       .     
              

.

    ,    ,        
             ,     

  ,      Vericut.    
          ,      
       .    ,   

       toolpath,       
 .         ,  
 ,             

.              
,    menu    ,       

.

. . .  -    –  41



 .    :           
Vericut. 

3.8    Vericut –   Tool Manager.

         Vericut,     
           . 
         Vericut       

    .           
 ,    Tool Manager      “Setup”,     “Model

Definition”,   “Coord.  System”           
  .  Tool Manager       “Component Tree”,

    ,     ,      .  
               
   .        .

)       '     CAM.

    3.7,    Vericut      
 CAM              

    user       CAM.     
    .     ,     , 

 CAM            .    
 .

    ,         CAM   
Vericut        .       

       ,         
    .          

              .    
 ,       ,          

 .

          ,     ,
          “Tool Manager”.

. . .  -    –  42

3.8 1:        
.



 .    :           
Vericut. 

)      .

       '     CAM   
 ,   ,        , 

          .        :

     .

  ,      .

“Create from APT toolpath”.          
toolpath.

            
  .        ,    

           .

             
       sample  Vericut.   

            (mill), 
  (turn)    (probe).

           
     .       

        .    
       ,     NC,   

  ,            
.

             Vericut 
             :

   “Setup”   “Tool Manager”.

      ,      
File>New.

        .     
:

   “Add”   ,  “New Tool”.

     “ID”   “New Tool”.

         (Mill, Turn, Probe).  
    “Mill”.

     ,        .  
                .  

,   ,          .   
   :

              
.

 “Cutter”,           
.

       “Flat  Bottom  End  Mill”   ,  
,   :

Diameter (D) 3

Height (H) 10

Flute length 3

Shank Diameter 1,5

Offset (Z) 0

Colour Inherit

            

. . .  -    –  43



 .    :           
Vericut. 

.        ,      
    ,   .     Holder.

         “Cylinder” ( ).

   :

Radius (R) 5

Height (H) 7

Colour Inherit

          Holder,     
      .        . 
         z       

.

 ,        “Move/Rotate”.   
         “To”    (0  0  10)  

   “Move”.

             
.     Tool  Manager      .      

                  
Vericut.                

  .         ,  
 ID       (Cutter   Holder).       

         “Modify”,        
        .

             
   “File>Save As..”.      ,       .tls.

  Tool manager,  Vericut         
  .           

    . ,       
  “File>Open...”.

. . .  -    –  44

3.8 2:            .    
  .

3.8 3:  
 



 .    :           
Vericut. 

)         .

    Vericut          
.            

    .        Vericut    
    .

         .     
    .          

.                .
       .       
  Vericut                

      .

              
,     .          . 

          .      
.

    ,      3.8  ).  
     .           

 ,            .     
              

  .        ,     
    .         

     sample  Vericut.

         ,   
“Revolve Profile”.

     ,      (grid)  
0.5 .             

 .

        (0,0).      
    grid     “Add”     

     . 

     Vericut          , 
  ,      “Arc”.     ,    

               .   
         ,     Vericut  .     

         :  Shortest  (  ),  CW  (  

. . .  -    –  45

3.8 4:        .



 .    :           
Vericut. 

  , .), CCW (        , .).

  ,   :

  (0.5,0)

     (0,1)     (1,0.5)

 (1,1)

 (0.5,1)

 (0.5,1.5)

 (0,1.5)

     ,        
,     “Flute  length  =  1”.      

   .

        .      
     “Revolve Profile”    .

 (0,0)

 (1,0)

 (1.5,0.5)

 (1.5,3)

 (0,3)

             
 .   “Sweep Profile”.           

     .         
         ( ),      ,    

 “Flute  length”    .           extrude  
  CAD.

             ,
              . 

,    ,  “Reference”.         
                

.        ,       “Pick”  
     .

'             ,  
              . 
             

               
                .

. . .  -    –  46

3.8 5:          .



 .    :           
Vericut. 

. . .  -    –  47

3.8 6:              
  .

3.8 7:             
   .

3.8 8:   
.



 .    :           
Vericut. 

4.       Vericut.

           
Vericut.              

             . 
     ,        

     .

,            
      :

 

 

 

    Vericut       
                

  .  ,        
      .txt  .jpeg,     video (.avi, .wmv)  

 .         .     , 
              

.            
          ,    

  Vericut.

  Vericut           
,             .

  ,        Vericut     , 
       .

4.1      .

             
.              .

,           .

  ,            
 :

       (     
  3.5).

           .

   .

            .  
     ,        

   “Motion”.

)   :    “Motion”.        
.

  “Motion”           
       .        

       ,     
     .

  “Motion”     :

. . .  -    –  48



 .    :           
Vericut. 

Start/Stop at

Motion.

Tool.

    (Start/Stop at)         
    Vericut       .       

“Start at:”  “Stop at:”.             
     . ,    :

1.  “Start at”:

Beginning:        toolpath.   
    toolpath         

   .

Line Number:             
 .         ,   
 toolpath,       .    

   toolpath        toolpath, 
     .    toolpath    

  ,          .

Line Number(Directly):            
   .      toolpath.   

   ,       
    .  ,      

200  ,           
      201.

Text:             toolpath 
       .

Tool ID:             
    .

2.  “Stop at”:

End:          toolpath.

Number of Cuts:         
.            

    ,         
     .         

 G00   .

Line Number:     “Start at:”.

Text:     “Start at:”.

Toolchange:       .

Program Stop:          ,
 02  30   G.

Optional Stop:           
  ,    M1    G.

 End of each file:         toolpath.

3.  “Motion”:

      “Motion”    “Motion”.  , ,
 ,               

     .

               
.            

. . .  -    –  49



 .    :           
Vericut. 

         .    
          ,   
 . 

   ,  ,        
      '        

      .

      Fast Feed.         
           Vericut   .

      mm/min  inches/min         
 .usr.           

             
              .

)   :          
 AUTO-DIFF.

       “Motion”       
 .           .

                
         .        

   “AUTO-DIFF”.

              “Motion”
   “AUTO-DIFF”            ,

      .         
 CAD        .     

  “AUTO-DIFF” :

       .

       .

     AUTO-DIFF      
    toolpath  .       .    

      X-Caliper,    .

     “AUTO-DIFF”    .

Settings

Options

Compare by Region

  Settings             
    .       “Comparison Type”    

        .   ,     
     (mm)    (inch)           

.

             AUTO-DIFF.
            “Comparison Type =>

Gouge”          “Comparison Type => Excess”.

            ,    
 “Compare”,             

  .              
             .

          
       toolpath      .  

              X-Caliper. 

. . .  -    –  50



 .    :           
Vericut. 

    .

   (  4.1.2)         
.     ,         .
               

   .              
              

     “Settings”.      :

Stock Display.

Design Display.
          (Solid),  (Translucent)

. . .  -    –  51

4.1 2:             .

4.1 1:     "AUTO-DIFF".      "Settings"



 .    :           
Vericut. 

   (Lines).            
          ,  
   ( .4.1.3).

               
       ( . 4.1 4).       “Settings”

   “Gouge”     “Excess”.         
.

             
      .  ,        

. . .  -    –  52

4.1 3:                 
.          ,      

.

4.1 4:         ,    .



 .    :           
Vericut. 

             
   .    ( .4.1.5)     

            Vericut, 1·10-5mm.

            “Comparison Type => Both”. 
                ( .

4.1.6).

. . .  -    –  53

4.1 5:          ,        .

4.1 .6:     .            .



 .    :           
Vericut. 

) :          X-Caliper.

           .  
        ,     

        .     
 ,    G       CAM,    

    ,          .

,             
 ,            
            ,   

   .

           
  ,     ,       , 
             .

          ,    
   .

  , ,           X-Caliper.
                

. ,           :

      .

     .

        (   ).

     (   ).

    .

    .

    ,     X-Caliper     
     .      Feature/History,  ,

 ,               
     .

,       X-Caliper   :

1. Closest Point (  ).
2. Scallop (  ).
3. Volume ( ).
4. Stock/Design Distance (   / ).
5. Feature History (  )
6. Distance/Angle (  / )
7. Stock Thickness (  )
8. Air Distance (    )

           .

1. Closest Point (  ).

        ,       ,
           .   

. . .  -    –  54

4.1 7:         X-Caliper



 .    :           
Vericut. 

            
  .

2. Scallop (  ).

              
            .

. . .  -    –  55

4.1 9:         

4.1 8:     Closest Point



 .    :           
Vericut. 

3. Volume ( ).

   Volume           
.       ,           
.

4. Stock/Design Distance (   / ).

             
      CAD.         

  ,       .       
              
 ,       .

. . .  -    –  56

4.1 10:     Volume   X-Caliper

4.1 11:          .



 .    :           
Vericut. 

5. Feature History (  )

  ,    ,         
   G          . 

         AUTO-DIFF,     
      G     ,       
  .  ,             

   .

6. Distance/Angle (  / )

   ,             
      .         

        X-Caliper.

. . .  -    –  57

4.1 12:      Feature History.

4.1 13:     .             
  .



 .    :           
Vericut. 

7. Air Distance (    )

     .     . , , 
 ,     .           

           .     
       .

             ,  
        .     

  .            
 ,            . ,

      “Motion”,      4.1. ,
             

     .

. . .  -    –  58

4.1 14:  "  "     .



 .    :           
Vericut. 

4.2 :        .

             
  , ,          

            .

           ,
          .    

   ,        .  
,             

,                
.   :

 .

      .

         .

       .

     , ,        
“ ”               

.            
,     ,         

           
  .

       .      
 2.2,              

.    Vericut            
    ,            

      .    ,     ,
    ,       

,   .

           ,   
               
           . 

          ,     
  . ,  Vericut        ,  

                
    .          

 ,           .

        Optipath,       
  Vericut.           

       Vericut       .   
     ,          .

,            
         .     ,

         . ,   
 ,           

   ,         
.   ,           

 .

             
Tool Manager.    ,     Optipath,     toolpath.  

 ,           
       Optipath.       

. . .  -    –  59



 .    :           
Vericut. 

    ,   ,        
  toolpath.    OptiPath     “Optipath>Control..”   
              “OptiPath>Compare Flies..”.

    Optipath        .

) Optipath Manager.    .

                
              ( . 4.2 1).
       .     .  

                
               
      .

          Optipath Manager    
.       '  ,         

               Tool
Manager      3.8. .        

         “OptiPath Cutter Shape”.

  ,           
          Optipath Manager.  

    ,          
.   :

1. Feed/Speed
2. Settings
3. Spindle
4. Plunge
5. Entry/Exit

. . .  -    –  60

4.2 1:     Optipath Manager.



 .    :           
Vericut. 

6. Angle

1 Feed/Speed

          .   
            Vericut       

  (Axial depth)      (Radial Width / Step Over    CAM 
ProEngineer). 

    ,            .
            

.      ,         
          .  ,  

       .         
           .     , 

    ,      .   
      (Chip Thickness)     .

    '           
,              ,   
            ,   

  '              
,          .     

  .

2 Settings

. . .  -    –  61

4.2 3:          
       .

4.2 2:        Optipath Manager.
    Feed/Speed.   
    .



 .    :           
Vericut. 

             
,                  

               toolpath.
             .  
                
  Vericut. 

    Resolution (  )  .        
              

        .     
       .

            
  (Add more cuts)         (Modify existing cuts).

              , 
     .

   Circle feedrate  NURBS feedrate        
     .

3 Spindle

    .     :

Minimum RPM Change (    ):    
       Optipath,       

  .    ,      
  Optipath     .     

  ,             
        .    

             Optipath  
.

Minimum RPM (  ):         
  .

Maximum RPM (  ):         
  .

     ,        
(Default).

4 Plunge

      ,       , 

. . .  -    –  62

4.2 4:     Settings.



 .    :           
Vericut. 

      . ,        
90 .                  

 .

         90    Angle  
   Entry/Exit       .

5 Entry/Exit

    Entry/Exit           
         . ,      

          ,        .

        :

Feed/minute:    .

% of Prog.:    

% of Calc.:       Optipath.

            , 
                 

 .

6 Angle

         ,      
                 XY.  

     .   ,    
       .    ,    
     ,          . 
            ,    Add 

Delete,               .

   ,   Plunge  Entry/Exit     
,          Angle       

,       .    ,    
,       .

,             ,
    “Adjust Feedrate for Entry Angle”.

. . .  -    –  63

4.2 5:   Angle      .



 .    :           
Vericut. 

         Optipath Manager    
       ,        

  Optipath       .       
(Feed/Speed  Settings)             

            .

         G,        
       ,         

OptiPath       G.          
            

,             CAM.

) Optipath Control:        .

   OptiPath Control         OptiPath     
     .     ,      

,    Settings.          OptiPath    
         ,       

  . 

    “Optipath Mode”       OptiPath.  
  :

Off:  .          OptiPath. 
      .

On:  .            
 OptiPath Manager.

Prompt while cutting:    .      OptiPath 
           .  
 ,           

      .

Learn  from  toolpath:      toolpath  (  ).   
OptiPath        OptiPath  Manager,  

 toolpath.       toolpath   APT   
      CAM.

 ,    Material  Machine       
           Tool Manager  .

,    “Override All Feedrates”        
      .          

           toolpath   .

      “G-Code Output Options”,   
          G       

.               
              

  .           
  . ,        “Learn from toolpath”,  

    “Learn Mode Options”,           
      Optipath     toolpath.

) Optipath Compare Files:      .

               ,
       Optipath.     toolpath     

  ,     .   ,    “Browse”, 
        toolpath,      
        G   APT.

. . .  -    –  64



 .    :           
Vericut. 

5.       Vericut.

         Vericut,    
   .           

  Vericut       , :

         

            .

           
(  ,   , .)

. .

         ,   
:

       Vericut

 '     .

            
    .        .

5.1        Vericut

         Vericut     .
              Vericut.  

     '            (.mch),
                . 

       .         Vericut
          (      ,

          ,  )      
         . ,    

              
  .

             
    ( . 5.1 1).

        “Setup”

  “Setup”      “Machine”    

      “Open”

   ,        Vericut   
 Shortcut,          '      .  
           Vericut

(CGTECH_LIBRARY)       (CGTECH_SAMPLES)      
    ,       

 Vericut               ,
            .

               
   Ingersoll, Mastercenter (  .5.12).        

        “View Type”  “Machine”  “Machine/Cut Stock”.

. . .  -    –  65



 .    :           
Vericut. 

. . .  -    –  66

5.1 1:             .

5.1 52:      Ingersoll Mastercenter. ,     ,  
      (shaded)    (walls).



 .    :           
Vericut. 

5.2      .

     (5.1),      
           .    

,   ,       .     
                 .   

            .

 “New Session”      ,     “Component
Tree”,        .       “Base”.

         3.5,   “Component
Tree”               

        .

      ,       .
,       (Stock),    (Design)

   .           .   
                 (Parent Object)

     .         
       .        

 (Parent Object)       .

             “Component
Tree”,          ,    

,                 
“Component Tree”. ,          .  , 

         ,      
     (Parent  Object).         

   .

      ,        .
              

    .

: :

Linear X         toolpath

Linear Y      Y   toolpath

Linear Z         toolpath

Rotary A        

Rotary B        Y

Rotary C        Z

Turret A    

Turret B    

Turret C    

Linear U         toolpath

. . -----------------------------

              (
 X,Y,Z)     (   pitch,roll,yaw)  ,  

          .
,              
 .         ,     

 .

. . .  -    –  67



 .    :           
Vericut. 

        ,      
   .        
     .

     :

  “New Session”,      .

           ,
    (Parent  /  Child  relationship)    

“Component Tree”.

“Insert”:     .

“Append”:     .

  “Base”      Append  Linear Z.

  “Z”      Append  “Tool”

  “Base”      Append  Linear Y.

  “Y”      Append  Linear X.

  “X”      Append  Fixture.

  “Fixture”      Append  “Stock”.

  “Stock”      Append  “Design”.

    “Setup”      “Machine”.

   ,   “Save As...”

             
   .

              
   ( .  5.2  1).           

         ,    
             (Machine Zero), 

     ,   ,      . 
              

,      “Component  Tree”      
   .

    ,       ,  
  “Fixture”,       “Stock”    '  .  ,  

   ,          . ,    
                

    .

     “Component Tree”         
,        .        

. . .  -    –  68

5.2 1:     "Component Tree"        .



 .    :           
Vericut. 

              
          .    

 “Settings”.

               “Machine
Simulation On”,         “Floor/Wall  Orient”      

       “Machine/Cut Stock”.

  4  ,          
         .  :

“Collision Detect”:            Vericut    
 .

“Tables”:        :

       (Machine Zero)

   

 offset      .

. .

“Travel  Limits”:              
   .           

  ,           .

“Axes Priority”:  ,         
            ( . .  2,5

).   “Priority”            “Interpolated”
        ,     

 . ,         .

            
  ,            .

,              
   .

. . .  -    –  69

5.2 2:  "Collision Detect".        
     .        ' .



 .    :           
Vericut. 

. . .  -    –  70

5.2 3:   "Tables"     .

5.2 4:   "Travel Limits"    .



 .    :           
Vericut. 

5.3     .

     ,       
      .   ,    

     ,        .

              3.5.
               

 ,     .         
     CAD   ,  .stl.

            “Component Tree”  
,       . ,       

,    ,         
         (  3.5).

'  ,             ,
      ,         

  (5.2).

      :

    .      
     .

 ,    “X”   “Component Tree”     
“Model Definition”

      ,  “Active Component”   
“X”,  “Type=>Block”     =40, =10, =5.

        “Position”      
       0 0 0.

   ,        “ ”  
 =20, =20, =5.

    ,          
          “ ”.

    ,    ,     .
    ,    “Base”.     

    “Block”   =20, =40, =20.

   ,            
           “ ”. ,   

        “ ”.

      “Block”   =20, =10, =30.

,                
              

.      .

          =10, =25,
=10       ,       

.

,         =10, =10, =25.

             
   “ ”.

   ,       .   
  .       ,        
.        .      “Tables”   

“Machine Settings”,      (5.2). :

   “Tables”  “Add/Modify”

. . .  -    –  71



 .    :           
Vericut. 

      “Table Name=>Initial Machine Location”

    “Enter Offset”     0 0 20.

   “Add”   .

   .

    ,    Reset Mode     
   .

         “Setup=>Control=>MDI...”    
        MDI     .

          .

. . .  -    –  72

5.3 1:  



 .    :           
Vericut. 

. . .  -    –  73

5.3 2:  

5.3 3:  



 .    :           
Vericut. 

. . .  -    –  74

5.3 4:  

5.3 5:  



 .    :           
Vericut. 

. . .  -    –  75

5.3 6:  

5.3 7:  



 .    :           
Vericut. 

. . .  -    –  76

5.3 8:    .

5.3 9:    G     .        
  Optipath.           .



 .    :           
Vericut. 

6.    Vericut.

  Vericut ,          
     .   ,      

,  ,       ,  
.    ,        ,  

       ,      
            .   

         ,     
              

       ,         
 .  ,    Optipath,        

,              
       ,  .

   ,     ,      .
         Optipath Manager,    Vericut   

  ,         CAM    
     .

          Vericut      
 ,           

CAD/CAM.               
   CAM,      G      

         .

            
     .         G  

              
 CAM.

6.1     .

         G    
,    “New Session”       

    toolpath     G.

            
(controller),        toolpath    APT,     

      toolpath.          
  ,      ,      

   G.

              
   ,           

  Vericut.

           Haas MiniMill   
    fan0m.ctl,          

Fanuc.           ,     '
      G,          (G02  G03).

    G       ,  
       .      

.  ,       G43      
,        “Tool  Length  Compensation”.     
            G43     

, '               
.
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 .    :           
Vericut. 

       G43     
 “Tool tip”.    :

   “Setup”

     G-code

      settings

       “Programming Method=>Tool tip”

       ,       
        G.        (offset) 

         .

          ,  
 ,             , 

    ,        (workpiece)
   ( . 6.1 1).

    ,          
   .        :

       “Programming Method”,    “Tables”

        “Add/Modify”    
.

         “Input  Programmable
Zero(Special Z)”

    “Select From/To Locations”.

        “From”  Name=>Tool”    
“To”  Name=>Stock”

           “To”,    
        .

 “Add”      .
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6.1 1:     Haas MiniMill.          G-code=>Settings, 
 Settings.



 .    :           
Vericut. 

     toolpath,     3.4  ),   
     “Toolpath Type=>G-code Data”.

   ,  Vericut      .    
    G          :

        0.025inch

          0.5inch.

        1.25inch

       0,5inch

               ,
         .       

G,     18,27sec      Vericut.

               
             . ,

    ,          
  .
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6.1 2:        .



 .    :           
Vericut. 

      ,      
 4.2 )   :

Optimization Method=>Volume Removal = 0,05in3/min

Resolution=>Distance = 0,0001

             :

  Optipath.   Optipath  (sec)  (%)

 1 13,34 3,38 9,96 -74,66

 2 15,46 42,44 -26,98 174,51

 1-2 13,21 80,15 -66,94 506,74

             
          .      

    ,          0,05in3/min, 
     .

     Vericut,        ,   
  .
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6.1 3:       .



 .    :           
Vericut. 
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6.1 4:      .

6.1 5:       .



 .    :           
Vericut. 

              
    toolpath        Optipath,    
 4.2 ).         :
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 .    :           
Vericut. 

6.2      CAM

   CAM         
         toolpath,    APT    G, 

              .

   Vericut         
    toolpath,            

toolpath,  .

            
 CAM   ProEngineer Wildfire  3.0.          operation

( )             
  CAM   T.E.I.  ,        

.             CAM I. 
          .

        toolpath   APT.  ,
      4.2  ),         

  Optipath Manager     “Learn from Toolpath”.

   ,         ,   
     .           

Vericut     .    ,  '     
,          CAM,     

 .               
    Optipath=>Control     “Learn from Toolpath”.

     .        ,  Vericut
          Optipath  Manager.  
              

      ,       
    ,         . 

       Optipath Manager    .   
           .

     ,   .   
             . 

“Yes”,          . ,  
  Status,              

               
   .            

Vericut   :

    :

“Chip Thickness” = 0.001inch

“Volume Removal” = 0.2in3/min

   :

“Chip Thickness” = 0,0004inch

             :

  Optipath.   Optipath  (sec)  (%)

 1 6,05 5,78 0,27 -4,46

 2 9,06 7,59 1,47 -16,23

 3 351,78 250,54 101,24 -28,78

 4 441,39 297,72 143,67 -32,55
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 .    :           
Vericut. 

 '      ,     ,  
        toolpath       CAM. 

            
 .         Vericut:
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6.2 1:        .

6.2 2: 12%       .



 .    :           
Vericut. 
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6.2 3:     . 12%           .

6.2 4:       .      
  .



 .    :           
Vericut. 

7.   .

         Vericut     
              

         .

     :

    .

         .

.

 .

           
          Vericut.

7.1      Vericut      
.

          Vericut   
              

              
          .    Vericut

   :

)     .

          controller    Vericut   
         .   

                
,           

.              
          .

,       ,     
          .     

          . 
              

             
    .       Vericut   

           .     
           .
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7.1 1:         banjo.



 .    :           
Vericut. 

)          .

         Vericut,     
        .   '    

.      Vericut         
              

    G.

          Optipath ,    
,     toolpath        CAM.    

       .

          ,      
             

 .

)  .

           
    .      

     ,    .

       ,      
     ,       .    

       ,       
.            

   Optipath      . ,   
  ,                

              
     .

)  .

'           
          
  ( . .   /  ,   ).

        G     
 ,           . 

         .    
           .

. . .  -    –  87

7.1 2:   Eastern Iowa Community Colleges   
     CNC    .



 .    :           
Vericut. 

7.2      Vericut    .

     Vericut         
              

    .         .
     , ,         
    CAD/CAM.

           toolpath     
              

.              
  Optipath,        .   CGTech  

     10%  35%    ,    
         G,      

  75%.

            .  
 .       Optipath      
  10%            CAM.   
    .          
 6.2.   ,          

          (7.1).

            ,
  10%,      .      

      .         
  ,     1%, 2%  3%     
     . ,       

   ,          . 

             
 Vericut,      .
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7.2 1:      CNC.  ,
   . .



 .    :           
Vericut. 

7.3 .

            
              

         Vericut.

         ,   
   Vericut            

.            
 Vericut     .         

            
.

            
           Vericut.

        ,    6 
      . ,  
         .

,              
,   ,       ,    
 Vericut     .
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