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Outline

Objectives ïEvaluation of lubricants in metal forming 

processes./ Review of various tests.

Tests to Evaluate Lubricants for Forging

Double Cup Extrusion Test for cold forging

Ring Compression Test for cold & hot forging

Tests to Evaluate Lubricants for Stamping

Deep Drawing Test

Ironing Test at elevated temperature

Modified Limiting Dome Height Test

Tests to Evaluate Lubricants for Hydroforming

The Guiding Zone / Expansion Zone Tests
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Tests to Evaluate Lubricants for Forging
- Double Cup Extrusion Test

The ratio of the cup heights, 

Rch=h1/h2, increases with 

increasing coefficient of friction 

(or friction factor, m)

Double cup extrusion tooling (ERC/NSM)
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Initial billet Formed billet

Tests to Evaluate Lubricants for Forging  
- Double Cup Extrusion Test

h1

h2

h1

h2

Performance Evaluation Criteria:

ÅCup height ratio (Rch = h1 / h2) is used to rank lubricants.

ÅSurface analysis on the cut specimen to investigate galling.

ÅThe friction factor (m) is determined by comparing experimental

results and FE predictions of cup height ratio (Rch) vs. stroke.



© Copyright Center for Precision Forming, 2006. All rights reserved.

CPF

5

Alternatives to Zinc Phosphate Coating Based Lubrication
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The performance comparison between zinc phosphate and the

three tested lubricants shows the potential for replacing zinc

phosphate for mild forging processes.

Tests to Evaluate Lubricants for Forging  
- Double Cup Extrusion Test
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Tests to Evaluate Lubricants for Forging  
- Double Cup Extrusion Test
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Å Evaluation of lubricant performance (RT ~ 200ºC)

Å Investigation of the effect of surface topography (i.e. surface

roughness or the real contact area ratio) on friction and lubrication

Å Investigation of friction in function of stroke and location

Tests to Evaluate Lubricants for Forging  
- Ring Compression Test

- The reduction of inner diameter (Ri) indicates the friction on ring surface

Ri
Ri
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Test Conditions Final Ring Geometries

RC1 ID: 19.78 mm (top),  20.56 mm (bottom)

Lubricated (top & bottom)

TD:150 °C

BD, Ring: 25 °C

Speed: 65mm/sec

RC2 ID: 19.81 mm (top & bottom)

Lubricated (top &  bottom)

TD,BD,Ring:150 °C

Speed: 65mm/sec

RC3 ID: 18.71 mm (top), 19.98 mm (bottom)

Dry (top)

Lubricated (bottom)

TD,BD,Ring:150 °C

Speed: 65mm/sec

[ Note: TD =  the top die, and BD = the bottom die, initial ring dimensions: OD / ID / height = 35/18/18 mm,  

made from AISI 1018 HR steel ]

Tests to Evaluate Lubricants for Forging
- Ring Compression Test

Effect of die temperature on lubrication condition
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List of Recently Published Reports
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2. Report No. PF/ERC/NSM-04-R-28 entitled ñInvestigationof the Effect of
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Tests to Evaluate Lubricants for Forging
- Ring Compression Test



© Copyright Center for Precision Forming, 2006. All rights reserved.

CPF

10

Evaluation of Stamping Lubricants

-System Approach

Stamping process as a system (e.g., the deep drawing process)

1. Workpiece material / Blank
2. Tooling
3. Interface
4. Deformation zone

5. Equipment
6. Part
7. Environment
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Stamping lubricants in the 

automotive industry

Process with oil-based (wet) lubricant

[Courtesy: M. Pfestorf, 2005, BMW ]
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[Courtesy: M. Pfestorf, 2005, BMW ]
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Stamping lubricants in the 

automotive industry

Process with dry-film lubricant
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r = 12.7 mm

The tool is rotated under axial force. The 

torque is measured. COF is calculated in real 

time.
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a) Ball scratching test 
[Carlsson et al. 2001] 
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b) Slider-on-sheet test [Heide
et al. 2003]
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a) Strip reduction test 
[Olsson et al. 2004] 
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b) Cross sectional view 
[Olsson et al. 2004] 


