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Abstract

There are several types of open die forging operations, examples are, edging fullering and cogging. In the analysis of forging operations it is common to obtain the forging force vs. reduction in height curve. This curve is sometimes referred to as the Load – Stroke curve. However by extending the analysis it is also possible to obtain the efficiency of the forging operation.


The equipment required is a tensile-compression testing machine already available in most colleges and universities. In an extremely low budget situation, a hand cranked, 12-ton laboratory press, fitted with a load gauge and a dial indicator would be adequate. 


The three step experimental process involves: 1) Obtaining the Tensile Load – Elongation curve. 2) Converting the plastic section of the above curve to True Stress – True Strain, and 3) Compression testing of the specimen to obtain Load vs.Reduction – in – Height curve.


The analysis section involves: 1) Using the true stress-true strain curve to obtain the Strength Coefficient, ‘K’, and the Strain Hardening Exponent, ‘n’. 2) Using the ‘K’ and ‘n’ to obtain Average Flow Stress, ‘ Yf’. 3) Using ‘ Yf’, to obtain the Ideal Work of Deformation, ‘W’. 4) Using the Experimental Load x Reduction in Height to obtain the Total Work, ‘Z’.  
Efficiency can then be defined as, the Ideal Work, ‘W’, divided by the Total Work, ‘Z’.  
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Objective

Utilize the Load – stroke curve commonly used in the forging of metals, to determine the work in forging, and to extend the analysis to determine efficiency of the forging process. The excess energy being lost due to friction and redundant shear work.

To provide students the ability to take measured data from two experiments: 1) tensile test and 2) compression testing, and to extend the analysis to obtain the efficiency in open die forging.               

Equipment and Materials

· Dial calipers

· Micrometers

· Aluminum

· Universal Tensile Tester with extensometer-50%

OR

·  Hand Operated Hydraulic Press

· Load Cell

· Dial Gauge

Introduction


Most universities and colleges have access to a universal tensile tester. The tensile test is used to evaluate several mechanical properties; these include elastic modulus, tensile strength, ductility, and modulus of toughness. These mechanical properties are not determined directly in the tensile test, but are calculated from the load-deformation curve produced in the test. In addition to these mechanical properties, the true stress – true strain curve can be obtained from the plastic section of the curve. The plastic, or non-elastic, section of the curve extends from the yield point, to the ultimate tensile strength. It is to be noted that the tensile test, (unlike the compression test), does not involve a friction component.  


The engineering stress – strain data of the plastic section of the curve, is utilized to obtain the true stress – true strain data. The strength coefficient, K, is obtained from a log (true stress) – log (true strain) plot, at the intercept i.e. at log (true strain) = 0.  The strain-hardening exponent, n, is obtained from the slope of the curve.


 The next experiment is the compression testing of the specimen. Friction, and the redundant work due to shear, now comes into effect. These two parameters now contribute to an increase in the force required, to exert the same amount of strain as in the tensile specimen. Data on the force v. reduction – in – height are now obtained by the compression test.


The compression test can give useful information on many metal – working operations such as forging, rolling and extrusion. Compressing a solid cylindrical metal in a universal tensile testing machine carries out the compression test. A simple hand operated hydraulic press can also be used. 

True stress – true strain curves for tension and compression experiments should coincide, assuming proper alignment of the dies and negligible friction. In the later experiment, friction is an important component and causes barreling by preventing the top and bottom surfaces to expand freely. The energy lost through friction is compensated for by an increase in the compressive force (over and above that of the tensile force for the same deformation). We have:



Work = Force x Distance

Following the terminology of Kalpakjian et al (Ref 1.): we also have  

Work 

= 
(specific energy) x (volume)







__

Specific energy, 

u =  
Y     





__

And,


Average flow stress,

Y   =
K   (n  / (n+1)

Where:




K  =  Strength Coefficient




=  True Strain 




n   =   Strain hardening exponent  

Also, 


utotal  =   u​​ideal  +  ufriction  +  uredundant
Therefore,

Efficiency,


   =   
(u​​ideal)   

(u​​total)




The details on obtaining the strength coefficient, ‘K’, and the strain hardening exponent, ‘n’, have been presented in an earlier National Educator Workshop conference by H. Abramovitz, (Ref. 2), and will not be duplicated here.

Procedure


The experiment is as simple as taking a slug of aluminum or steel and measuring the force and the reduction in height during a compression test. The tables along with sample calculations are given below. The columns are self-explanatory. The equations for the calculations of the terms are given below the columns. 

Figure 1.
 Table for experimental measurements of Force & Reduction – in – Height 


Initial Diameter,   
Do
=
0.5 00
in.


Initial
Area,

Ao
=
0.196
in2

Initial Height,

ho
=
1.000
in.


Initial Volume, 
Ao ho
=
0.196
in3 

	Slug 

No.
	Final Height

   (in.)
	Redn.  Height

  (in)
	Final Area1
  (in2 )
	Calculatd

Fin. Dia.
     (in.)
	eXpermtl

Force

     (lbs.)
	Engr. Stress2

  (psi)
	Engr. Strain3

 (in./in.)
	True Strain4

(in./in.)

	  #
	    h1
	ho-h1
	     A1    
	       D1
	      Fx
	     S
	      e
	     

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1
	0.75
	0.25
	0.261
	0.577
	22,370
	114,132
	0.25
	0.223

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


(1) Ao  ho   =  A1 h1   
    (2)     s  =  ( Fx  /  Ao )
(3)  e  =  [(ho  -  h1 ) / ho ]     (4)    =  ln (e + 1)

Figure 2.
Calculations for obtaining efficiency of forging processes


Strength Coefficient,

K
=  100,000
psi


Strain Hardening Exponent,
n
=   0.14
	Slug 

No.
	
	Avg. Flow Stress5

(psi)
	Ideal Specific Energy6

(psi)
	Ideal Work7

(in.lb.)
	Total Work8

  (in.lb.)
	Efficiency9

	     #
	
	Ÿ
	U
	W
	       Z
	(  (%)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	1
	
	71,052
	15,845
	3105
	5593
	55

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


(5) Ÿ  =  [ (K n ) / (n+1) ]
     (6)   u  =  Ÿ        (7)    W  =  u Ao ho                       (8)   Z  =  (ho – h1).(Fx)               (9)  (  = { (W)  /  [(ho – h1).(Fx)] }      or        

    (9)    (  = [ (u)  /  (s . e)]

Comments


In the above experiments we are assuming simple tension or simple compression. When the applied stress reaches the uniaxial yield stress, the material will deform plastically . In most other metal working operations such as drawing of a round rod or wire through a die, or deep drawing of sheet metal with a punch and die, the material is subjected to more complex triaxial stresses.  
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