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FFig. 1-1 Schematic illustration of ball penetration test  [[9] 

 
 

 
Fig. 1-2 Schematic illustration of tapered plug penetration test  [[10] 
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FFig. 1-3 Schematic illustration of upsetting-extrusion type 

 tribometer [[11] 
 
 
 
 

 

Fig. 1-4 Schematic illustration of multi-stage forging test  [[12] 
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FFig. 1-5 Schematic illustration of backward extrusion test [[13] 
 
 
 
 

 
Fig. 1-6 Schematic illustration of taper cup test  [[14] 
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FFig. 1-7 Schematic illustration of spike test [[16]

 
Fig. 1-8 Schematic illustration of combined forward rod -backward can 
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FFig. 1-9 Schematic illustration of combined forward conical 

can-backward straight can extrusion test  [[18] 

 

Fig. 1-10 Schematic illustration of t ribo test with concave-convex 
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FFig. 2-7 Galling generation on inner surface of cup
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Fig. 2-8 Flow stress – strain curve of test material   
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Fig. 2-9 Effect of flow stress of material  on extrusion load
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Fig. 2-10 Effect of punch corner R on extrusion load
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FFig. 2-11 Effect of friction coefficient on extrusion load
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Fig. 2-14 Atomic density of inner surface of cup (Condition A, 20 mm 
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Fig. 3-1 Schematic illustration of zinc phosphate coating  [[28] 
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Table 3-1 Lubricating condition  
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FFig. 3-2 Galling generation on inner surface of cup  

 
 
 

 
 

Fig. 3-3 Effect of each layer of zinc phosphate coating  
 on anti-galling ability  
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Fig. 3-5 Effect of each layer of zinc phosphate coating in friction test   
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Fig. 3-6 Effect of coating weight of zinc phosphate in friction test   
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FFig. 3-7 Effect of coating weight of metal soap on friction coefficient   
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FFig. 4-3 Schematic i llustration of forward extrusion of square cup 
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FFig. 4-5 Surface expansion ratio  on inner surface of square cup  
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Fig. 4-12 Effect of temperature on friction coefficient  
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FFig. 4-18 Effect of average contact pressure on anti-galling ability 
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FFig. 5-1 Setting information necessary for forging simulation [[32] 
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FFig. 5-2
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Fig. 5-2 Stroke and load – time diagram in compression test   

 
 

 
Fig. 5-3 Temperature change of specimen in compression  test  
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Fig. 5-4 Nominal flow stress obtained by compression test   
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FFig. 5-5 Flowchart for calculation of isothermal flow stress  [[21] 
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Fig. 5-6 Initial setting of isothermal flow stress   
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FFig. 5-7 Temperature dependence of thermal conductivity   

 
 
 

 
Fig. 5-8 Temperature dependence of specific heat   
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Fig. 5-9 Nominal flow stress obtained by FEM 
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Fig. 5-11 Isothermal flow stress obtained with one correction  
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Fig. 5-12 Isothermal flow stress obtained with five corrections 
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Fig. 5-13 Load - stroke diagram for different strokes  
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FFig. 5-14 Difference of load near dead bottom center at P2  

 
 

 
Fig. 5-15 Difference of strain rate near dead bottom center  at P2  

 
 

 
5 Fig. 5-12 5.2.2.6

m =0.008
Fig. 5-16 500 

 

77

78

79

80

81

82

6.7 6.8 6.9 7.0 7.1 7.2

Lo
ad

  [
kN

] 

Stroke [mm] 

81.4kN 

80.1kN 

0

2

4

6

8

10

12

14

6.7 6.8 6.9 7.0 7.1 7.2

St
ra

in
 ra

te
  [

/s
] 

Stroke  [mm] 

10 /s 

1 /s 



74 
 

    

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

FFig. 55--116  Prediction of load using isothermal flow stress obtained 
 with five corrections 
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Fig. 5-17 Punch shape for temperature measurement  
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FFig. 5-19 Tip position of thermocouple   
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FFig. 5-21 Calibration curves for determination of heat transfer 
           coefficient and experimental data considering 

thermocouple response time  
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FFig. 5-22 Temperature distribution around punch tip and t emperature 
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a)  Compression speed 0.06 mm/s 
 

 

b)  Compression speed 60 mm/s 
FFig. 6-2 Prediction of load  
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a)  Compression speed 0.06 mm/s 
 

 

b)  Compression speed 60 mm/s 
FFig. 6-3 Prediction of nominal flow stress 
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FFig. 6-4 Calibration curves for determination of friction coefficient 
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Fig. 6-5 Temperature dependence of friction coefficient  
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FFig. 6-6 Prediction of maximum load  
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FFig. 6-8 Prediction of extrusion load using friction coefficient  
obtained by ring compression test 
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