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 Precision metal stamping processes form an important integral in many 

metal-based manufacturing industries. Although low temperature 

tribology plays an important role in affecting the quality and productivity 

of metal stamping, it has not attracted much attention by the researchers. 

However, with the rising demands on improved cutting and forming edge 

quality, it is necessary to focus on this process affecting characteristic. 

This paper presents results of some industrial investigation on the cutting 

edge quality and finishing of blanking operations in relation to the low 

temperature tribology. 

 
1. Introduction 

Precision metal stamping processes consist 

of a combination of the material separation, 

forming, flanging and drawing. All of these 

processes involve the interaction between two 

main tooling components which are the punch 

and the die. This interaction generates the static 

and dynamic frictional forces. Proper control of 

this parameter will result in an improved output 

quality and finishing. Type of lubricant used, 

the magnitude of the applied load between 

contact surfaces and the process speed are 

among sensitive variables to the process 

frictional characteristic. 

This paper will focus on the cutting edge 

quality and finishing in a blanking operation 

which is the initial step in the series of every 

metal stamping processes. 

A range of high temperature tribology 

studies were carried out by many researchers to 

solve system reliability, cost as well as potential 

premature failure. Tribo-interface science and 

technology for high temperature tribology in the 

area of automotive engines, hot rolling 

processes, etc., are very much affected the type 

of lubricant applied, their interactions surface 

coating, textures, contact pressure, speed, 

operating temperature range, etc [1]. 

 

 

2. The Cutting Edge Profile of Blanking 

Operation 

The cutting edge that results from the 

blanking process are primarily in the form of 

arrays in four (4) zones. Figure 1 illustrates the 

cutting edge profile [2]. 

 

 
 

Figure 1: Cutting profile from blanking 

operation. 
 

Each zone has its own characteristic 

structure and properties that are produced by the 

interactions of the process parameters. 

The formation of smooth shear zone (SSZ) 

and its resulted quality and finishing were 

evaluated with the application of two (2) types 

of formulated oils as process lubricant against 

two (2) types of work materials. Table 1 

summarizes the experimental details.  
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Table 1: Experimental Details 

Details Type 

Work 

Material 

1) SECC-P, T=2.0mm 

2) SUS 304-2B, T=2.0mm 

Lubricant 
1) AL-N Cut EP Oil 

2) SO-51-SV Oil 

Tooling Blanking Tool 

Speed  constant at 45 s.p.m 

 

3. Lubricant for Low Temperature 

Tribology 

Wide varieties of commercially formulated 

oils are available for selection to suit various 

low temperature tribology metal processing 

activities. 

Two (2) formulated oils which carrying the 

commercial label as AL-N Cut EP oil and SO-

51-CV oil were selected in this experimental 

studies. Al-N Cut EP oil was specially 

formulated with extreme pressure additive for 

severe cutting operations. Extreme pressure 

(EP) additives react with the metallic workpiece 

asperities above a high-energy threshold [3]. 

This oil grade exhibits good wetting properties 

and lubricity thus enhancing the accuracy of the 

operation. This light oil enables visibility which 

permits clear view and inspection of the 

workpiece [4]. Following are the typical 

properties of AL-N Cut EP oil. 

 

ISO Grade           32 

Viscosity @ 40ºC cst ASTM 445    31 

Flash Point, ºC  D92 COC      216 

Pour Point, ºC  D97               -9 

Density @ 15ºC kg/l        0.871 

 

Hence, the SO-51-CV exhibit low viscosity 

neat oil based on petroleum distillates, lubricity 

additives and corrosion inhibitors. Following 

are the typical properties. 

 

Viscosity @ 40ºC cst ASTM 445    1.31 

Flash Point, TCCºC          35 

Aniline Point, ºC          55 

Aromatic % Vol                       18 

Density @ 15ºC kg/l        0.871 

Antirust Test    B Grade (4 hours) 

Drying Rate         above average 

 

To date, there are numerous approaches of 

tribo-testing measurement method for friction 

and wear measurement such as pin on disc, 

block on ring, and pin on V-block [5]. This 

paper taking the approach of referencing the 

cutting edge quality in the aspect of smooth 

shear zone formation measurement and the 

profile of the fracture initiation as a base for 

tribo-testing comparison between all 

experimental variables. 

3. Experimental Results 

The cutting edges of the workpiece was 

magnified by 18X and measured under Vision 

Measurement Machine at Solid Precision 

Engineering metrology lab. Five (5) pieces of 

samples were randomly picked from the lot for 

observations and measurements. Figure 2 

shows the comparison of cutting edges quality 

and finishing by applying two different type of 

lubricants on SECC-P work material. 

 

 

 
 

Figure 2: Cutting Edges Quality and Finishing 

on SECC-P. 

  

The application of SO-51-CV oil on SECC-

P work material exhibit a larger smooth shear 

zone profile (SSZ) formation and the initiations 

of fracture are more consistent. These results 

are favorable to a precision stamping industries 

as this leads to smoother cut edges with 

minimum burr occurrence. The measured 

values of SSZ under the application of AL-N 

Cut EP oil as process lubricant on the blanking 

of SECC-P work material was all below 1.300 

mm. However, as on the SO-51-CV oil 

application, higher SSZ readings were observed 

on all samples. The initiation of fractures and its 

propagation patterns were uniform with this 

grade of process lubricant. Two more 

significant effects were observed from the used 

of this process lubricant. As noted, the lubricant 

carries the antirust and self-evaporation 

properties. The presence of these two properties 

may enable the work piece omit the degreasing 
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process for oil removal. The self-evaporation 

property with fast drying rate will left a thin 

protective layer on the cut edges for enhance 

oxidation protection. 

Figure 3 illustrates the cutting edges quality 

and finishing by applying two different type of 

lubricants on SUS 304-2B work material. 

 

 

 
 

Figure 3: Cutting Edges Quality and Finishing 

on SUS 304-2B. 

 

As observed, the SSZ profile was narrow 

on the application of SO-51-CV oil as process 

lubricant and the used of AL-N Cut EP oil was 

not acceptable on SUS 304-2B. The initiation of 

fractures were inconsistent and forming some 

high burrs as a result. As observed from the 

blanks, the application of SO-51-CV oil exhibit 

the initiation of fracture on SUS 304-2B work 

material with higher uniformity as compared to 

the SECC-P work material. The SECC-P are 

from the low carbon steel category with lower 

tensile strength as compared to the austenitic 

grade on SUS 304-2B. With higher tensile value 

and hardness, therefore, the SUS 304-2B 

possess higher brittle characteristic, lower 

ductility and the initiation of fracture occurs 

much earlier than of the SECC-P work material. 

 

5. Conclusion 

In the low temperature tribology setting, 

the viscosity does not exhibit much positive 

effect on the cutting edges quality. Applying 

AL-N Cut EP oil with higher viscosity value 

does not exhibit higher edge finishing as well as 

the profile of smooth shear zone as compared to 

the SO-51-CV oil. Extreme pressure (EP) 

additive’s characteristic does not promote any 

positive impact as in precision stamping, the 

process impact was not on the extreme range as 

compared to other metal cutting or removal 

processes. With this findings, we may 

concluded that the use of single or common 

lubricant throughout the entire stamping 

processes and array of materials are not 

encouraging as normally practiced in the shop 

floor today. Customization of lubricant in 

accordance to work material is necessary to 

derive optimum edge quality and finishing. The 

SO-51-CV oil was selected as process lubricant, 

anti-degrease with enhance cutting edges 

oxidation protection for a wide range of low 

carbon steels. Further analysis and evaluation of 

improved formulated oil based as process 

lubrication needed for SUS 304-2B to improve 

its SSZ profile. It is much interesting to conduct 

further studies on evaluating the effect of tool 

wear rate, tool surface coating and process 

speed in the low temperature tribology on 

precision metal stamping processes.  
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