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Abstract 
Machining processes are an important part of the manufacturing 

industry. Companies within the manufacturing industry are required 

to continuously improve their processes and make them more 

efficient, to reduce the ecological impact and operational costs. The 

aim of this thesis is to be able to improve a circular broaching process 

for an automotive company. The broaching tool is made from solid 

High-Speed Steel and TiN coated, which is pulled through a hole in the 

workpiece. Due to multiple cutting edges acting simultaneously, the 

cutting force is high. With a low relief angle of the cutting tool and low 

cutting speed, the lubricant plays a critical role in the broaching 

process. The thesis studies different cutting fluids in a laboratory, by 

simulating the impact of cutting fluids in a broaching process with 

tapping operations under similar conditions. The torques values and 

the behaviour of it during the process have been recorded for 

different lubricants. The lubricants were found to have a strong 

influence in the torque required and the chip formation. The relation 

between lubricant viscosity and lubrication performance was studied. 

In addition, the relation between chip formation and torque 

behaviour was explored, showing the importance of chip evacuation 

capacity. The process has been carried out by using different 

lubricants to examine the required cutting forces and how they 

evolved throughout the process. The results and the consecutive 

analysis have shown an influence of the viscosity in the process. The 

viscosity is inversely proportional to the capacity of the fluid to access 

certain critical areas, increasing the friction forces and the generation 

of long chips. Both the chip size and the ability of the lubricant to 

evacuate have strong influences on the process. 
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Sammanfattning 
Bearbetningsprocesser är en viktig del av tillverkningsindustrin. Dessa 

företag måste kontinuerligt förbättra sina processer och göra dem 

mer effektiva, minska de ekologiska fotavtrycken och 

driftskostnaderna. Syftet med denna rapport är att förbättra en rund 

brotschningsprocess för ett bilföretag. Brotschverktyget är tillverkat 

av solid HSS och belagt med TiN, som dras genom ett hål i 

arbetsstycket. På grund av att flera skärkanter fungerar samtidigt är 

skärkraften hög. Med skärverktygets lågavlastningsvinkel spelar 

smörjmedlet en kritisk roll i brotschningsprocessen. Arbetet studerar 

olika skärvätskor i ett laboratorium, genom att simulera påverkan av 

skärvätskor i en brotschningsprocess med tappningsoperationer 

under liknande förhållanden. Momentvärdena och beteendet av 

processen har studerats för de olika smörjmedlen. Studien visade att 

smörjmedlet har en stor påverkan på vridmoment och 

spånbildningen. Relationen mellan smörjviskositet och 

smörjningsförmåga studerades. Dessutom undersöktes sambandet 

mellan spånbildning och vridmomentbeteende, vilket visar vikten av 

spånens utrymningskapacitet. Processen har utförts genom att 

använda olika typer smörjmedel för att undersöka deras påverkan på 

skärkrafterna och hur de utvecklades under hela processen. 

Resultaten och den efterföljande analysen har visat att viskositeten 

har stort inflytande i processen. Viskositeten är omvänt proportionell 

mot vätskans kapacitet för att komma åt vissa kritiska områden, vilket 

ökar friktionskrafterna och genereringen av långa spån. Både 

spånstorleken och smörjmedlets förmåga att utrymma har starka 

influenser på processen. 

Nyckelord 
Smörjning; brotschning; skärvätskor; tappning; vridmoment. 
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1 Introduction 
Both broaching process and lubricant science are complex subjects. A 

state of the art review and an introduction to the most important 

areas for the understanding of this thesis will follow.  

 

1.1 Purpose of the thesis 
The objective of this thesis is to study the performance and behaviour 

of different cutting fluids in a broaching process as well as the causes 

of the differences in such aspects. To carry out this study, a sub-

objective is to design a methodology that simulates the process in a 

realistic way and with contained costs. 

 

1.2 Cutting Fluids in machining industry 
Cutting fluids have a key role in cutting operations, affecting 

numerous sides of the machining process. The quality, cost and time 

of a process will depend heavily on a proper cutting fluid selection, 

becoming essential the proper use of them to achieve an efficient 

process [1].  

The main function cutting fluids must fulfil are lubricate the interface 

between tool and workpiece and tool and chip, remove the chips from 

the process cutting zone, remove the heat created by the cutting 

process and prevent erosion [2]. 

Although all four functions are important for the process, lubrication 

and heat removal are the most relevant ones since they vary strongly 

depending of the cutting fluid used and have a strong effect on the 

process [1], [3]. 
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Fig. 1: Heat generation zones during a cutting process [3]. 

During a cutting process a tool made by hard material and sharp edge 

removes a layer of material from a softer workpiece through plastic 

deformation. Friction between the workpiece and the tool, and the 

tool and the chip during plastic deformation results in heat 

generation, as illustrated in Fig 1. Consequently, an increase of the 

temperature in the cutting zone occurs, dropping the hardness of the 

tool and shortening the length of life [4]. 

Although the cutting process could be performed in the absence of 

cutting fluids, the use of them reduces the friction between the tool 

and the workpiece, diminishing the heat generation and cutting 

forces, and in consequence, improving tool life and surface quality [1]. 

The performance of the cutting fluid is strongly conditioned by the 

operation. Therefore, when selecting the fluid, it is important to 

consider the materials of the cutting tool and workpiece, the machine 

and the cutting parameters.  

 

1.3 Broaching 
Broaching is a process with which internal profiles, grooves and 

complex geometric shapes can be machined in a highly accurate and 

productive way. 
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The key to this process lies in the tool used. The broaching tool (Fig 2) 

consists of a piece of elongated cylindrical shape, which has multiple 

cutting teeth arranged along the longitudinal axis of it. Each tooth has 

a small increase in height, starting from the front of the tool towards 

the end. This increasement achieves that each tooth generates a 

slightly deeper cut than the previous one as the relative movement 

between the piece and the tool occurs. This means that the broaching 

process is performed through a single pass of the tool, which moves 

only along the longitudinal axis. During this pass, the first teeth are 

responsible for roughing, with a significant increment of height 

between them, while as the tool moves forward this increment 

decreases to progressively move to the finishing stage. 

 

Fig. 2: Broaching tool [5]. 

 

Because the process takes place by moving a single part along a single 

axis (Fig. 3), the number of variables is minimal. This achieves an 

accuracy and repetitiveness difficult to achieve with other 

alternatives such as milling, turning or EDM. The simplicity of the 

process also means that the necessary machinery is simple to operate 

and maintain. 
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Fig. 3: Representation of the cutting process [5].  

 

The process being easily automated, the short work cycle and the 

complexity achieved through a single operation makes broaching 

highly productive. Since each tooth makes a single pass for each piece, 

the time between resharpening is long. This results in a long tool life, 

contributing also to the productivity. 

 

1.4 Cutting Fluids in broaching 
In a machining processes a wide variety of cutting fluids can be used, 

which can be divided into three different categories depending on 

their properties. First, oils that are applied directly in the process 

without being diluted can be found. These oils are known as net or 

straight oils. Second, oils that are designed to be mixed with water, 

making this mixture before the process can be used. Finally, emulsions 

can be used, which are the result of the mixture of water-based oils 

that are added to large amounts of water (around 5%).  

As previously explained, the cutting fluid used will depend on the 

materials of the workpiece and the tool, the type of process, its 

parameters and the machine used. In the case of this project, the 

process for which the cutting fluid is to be studied is that of broaching. 

The low speeds and tribological conditions of this operation mean 

that the importance of cutting fluids lies mainly with lubrication, since 

cooling functions become important at high speeds [1]. 
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The use of net oils is usually the most appropriate solution in cases 

where the lubrication requirements are high. These fluids have 

lubrication properties superior to other types of oils (water-mixed and 

emulsions), but they have the disadvantage of having coolant 

properties inferior to those other alternatives. For this reason, it is 

usual for this process to be carried out by providing high quantities of 

fluids by the flooding of the cutting zone [6]. 

The machining conditions make the lubrication between two surfaces 

take different forms. When the pressure between the two surfaces is 

low, a constant layer of lubricant is formed between both materials. 

This event is called hydrodynamic or full-film lubrication. In this state, 

both the friction and the wear produced is minimal. At the other 

extreme lays the situation of boundary, in which the pressure 

between both surfaces is high enough to make the faces come into 

contact (Extreme Pressure). Contact results in welds between both 

materials, which are torn from the surface by the relative movement 

between both bodies. In the middle term between the two cases 

discussed above take place the most common situation, called partial 

or mixed lubrication. In this case there is a layer of oil between both 

sides, but of such a small thickness that in certain areas of greater 

roughness appear contact points between the two materials. When 

such contact occurs the two materials are welded and torn off as in 

the previous situation [2]. 

To reduce the friction and wear of the tool is necessary when the 

lubrication is in one of the last two previously mentioned situations 

(boundary and mixed). This is achieved through the use of additives 

of a "polar" nature, such as fatty acids. These acids react with the 

metal, forming a coating on the surface. When the two metal surfaces 

meet, a tearing of the coating occurs instead tearing of the parts, 

reducing the forces of friction and the surface wear. Broaching 

processes are the most demanding in this aspect, since they are 

carried out with high pressures in the cutting zone, but at low speeds 

that generate little heat. When little heat is generated, high 

temperatures are not reached, which makes it difficult for the 

additives to react properly. This makes necessary the use of specific 
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Extreme Pressure additives (EP) that can react in a range of relative 

low temperatures. For this reason, the cutting oils used for broaching 

must be specifically selected, and other generic turning operation 

fluids should be avoided [6]. 

For this type of operations, solutions with different amounts of 

chlorine and sulphur are usually used, such as flowers of sulphur plus 

chlorinated hydrocarbon [2], [7]. 

 

1.5 Earlier studies on cutting fluid impact on broaching 

process capabilities 
Experimentation with this process requires prohibitive budgets for 

most researchers, since machinery and tools necessary for the 

broaching operation have high costs. Consequently, the research that 

can be found in this field is not extensive [8]. 

One of the parameters used to measure or control the quality of a 

broaching process is the surface roughness (Ra) of the piece after 

finishing the process. Lubricant that suits the process will show lower 

Ra values than one that is not prepared for this process, since it 

directly affects the tool-surface interaction. This relationship between 

lubricant and Ra has been used by several investigations to measure 

both the influence of lubricants on the process and its quality, and to 

compare between different oil alternatives. 

One of the studies that can be found on this field is [9]. In this study, 

the importance of the use of an oil specifically designed for the 

operation is analysed. Two broaching processes have been performed 

in identical conditions, using the same oil in both but improving one 

of them with additives. A reduction of 47% in the Ra and an increase 

of 40% in the tool life was achieved with the modified oil. 

Another study that analysed the influence of the lubricant used in the 

broaching operation is [10]. In this study, the Ra and the specific 

cutting force (Kc) were first analysed when the operation was carried 

out in dry run condition, then using emulsion and finally net oil. This 

study showed that the results obtained with the use of net oils were 
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more suitable than the other methods. Although the net oils show a 

poor heat evacuation, they lubricated better the contact between the 

tool and the piece, resulting in a minimal heat generation. After these 

results, the researchers analysed nine net oils from different 

suppliers, analysing the same previous parameters. Significant 

improvements such as a 100% difference in the Ra between the oil 

with better and worse results were found. 

None of these experiments delves into the causes of these 

differences, such as chemical composition or the interaction between 

additives and materials. However, they do highlight the importance of 

the correct choice of cutting fluid to be used by means of 

experimental comparison. 
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2 Design of experiment 
Currently, several methods are used in the industry to evaluate 

cutting fluids. Depending on the nature of the method, these can be 

grouped into two main branches: standardized laboratory test and 

test under real cutting conditions. 

The standardized laboratory tests follow a procedure clearly detailed 

in a standard. They are widely used by oil manufacturers because their 

results can be easily compared with the results of other products and 

are easily reproducible. 

The two main methods in this branch are the Falex Pin and Vee Block 

Method (ASTM D2670) and the Four-Ball Method (ASTM D4172). 

These two methods have a similar procedure. In the case of the Falex 

Pin and Vee Block Method, a cylindrical part is rotated in contact with 

two V-shaped blocks while submerged in the lubricant. The force that 

these two blocks apply against the cylinder is set in the standard. At 

the end of the test, the wear of the cylinder will determine the 

lubrication capacity of the lubricant. For the Four-Ball Method a 

similar procedure is followed, this time using three static spheres and 

rotating a fourth over them, as can be seen in Fig. 4. The upper sphere 

will exert a pressure and rotate at a speed set by the standard for 60 

minutes and at the end the depth of the rub marks on the spheres is 

measured. 

 

Fig. 4: Representation of the four-ball test [14] 
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Even if these methods can accurately measure the lubrication 

capacity of a lubricant, they do not take into account most of the 

factors that come into play in a cutting process. For instance, the main 

functions that a cutting fluid must perform are to evacuate the chips, 

lubricate, evacuate heat among many others, and these tests only 

evaluate the lubrication capacity. Nor do they consider the interaction 

between different materials, since two polished steel surfaces will not 

have the same properties rubbing against each other than two 

surfaces of different materials with greater surface roughness. Nor 

does it consider the reactions that appear between a newly 

mechanized surface and the chemical compounds present in 

lubricants. Therefore, standard tests are not significant for lubricant 

evaluation for real industry conditions [11]. 

On the other hand, tests that simulate the cutting conditions do 

evaluate all these affects. However, there are no standards that allow 

comparing results between different laboratories. In these methods 

the parameters are set arbitrarily by those who carry out the tests, 

although the choice of parameters can significantly affect the results 

[12]. It is therefore very common to perform the study of fluids 

performances by drilling, tapping and milling, while different 

parameters are used to measure the results. 

Within the test methods in real cutting conditions we can find three 

different approaches. The first is to perform a cutting operation with 

different lubricants and measure the surface roughness achieved with 

each of them to compare. The second is to perform an operation as 

many times as necessary with the same tool until it breaks and 

compare the numbers of cycles necessary to reach this point with 

each lubricant. Finally, another approach is to perform an operation 

with different lubricants and compare the cutting forces required with 

each alternative.  

In the study carried out by L. De Chiffre [13] it is concluded that the 

surface roughness is too stochastic to be used as a means of 

comparison, besides being slow, laborious and expensive. The tool 

break tests are usually more precise than those of surface finish. 

However, they are affected by the variations introduced by the tool, 
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which can vary in its length of life regardless of the lubricant used, in 

addition to requiring long work times until reaching breakage. Finally, 

from the aforementioned study we conclude that the alternative that 

best adapts to our situation are those that measure the cutting forces. 

These are the ones that present higher resolution and consistency, 

besides being significantly faster and economic.  

These tests can be performed with any machining operation, but as 

mentioned above, the behaviour of the lubricant is strongly affected 

by the boundary conditions. For this reason, the process and 

adjustments that are closest to those of the broaching process have 

been sought. 

Tapping Torque test is one of the methods that makes use of cutting 

forces to compare fluids. This test consists of performing the tapping 

operation with tools and test samples of the same materials as those 

that will be used in the actual process. The operation is carried out 

with the use of different oils while measuring the required torque. 

Both tapping and broaching present multiple simultaneous cutting 

points, they are performed at low cutting speeds, their cutting teeth 

have very small relief angles and in both tools the teeth height 

increasement follows the same pattern as the described in section 1.3 

(roughing, semi finishing and finishing), making the conditions and oil 

requirement very similar. 

 

2.1 Experimental set-up 
Inspired by the standards of ASTM [15] and Nordest [16], lubricants 

have been compared using the one currently utilized as a reference. 

To eliminate the variations introduced by the piece, the material, the 

tool and the measuring instruments from the comparison, the 

experiment has been designed to obtain relative results. The relative 

efficiency of each lubricant was compared to a common reference. To 

achieve this, measurements have been made first with the lubricant 

currently used. Then, in the same area of the workpiece, with the 

same tool and measuring equipment without altering the setup, 

measurements have been made with the lubricant evaluated. Finally, 
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measurements have been made again with the reference. 

Subsequently, the necessary forces have been analysed with the 

lubricant evaluated compared to the reference. In this way, if there is 

an increase in the cutting forces due to the tool wear, the results will 

be corrected thanks to the second set of measurements. If the 

measuring equipment is not correctly calibrated, it will not 

significantly affect the results either, since it will be compared 

between relative values. Finally, the variations introduced by the 

quality of the tool will also be removed by this method, since they will 

affect equally both lubricants. In this way, the different fluids can be 

compared by comparing how the values of the cutting forces have 

been compared with those of the reference lubricant. 

In order to avoid the rapid variation in the cutting forces that a cutting 

tool presents in its first cycles, five operations have been performed 

at the beginning of each batch in order to produce a slight wear in the 

tool. For each lubricant, the average torque forces necessary to 

perform the operation have been measured, performing 7 operations 

with each lubricant in order to obtain statistical significance. Between 

each lubricant two operations have been carried out in order to 

eliminate the possible remains of the previous lubricant. Finally, this 

procedure of measuring reference, evaluated lubricant and again 

reference has been made 3 times for each lubricant, with a new tool 

each time. 
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Fig. 5: Experimental setup of the measurement system. 

 

For the experiment, a 5-axis CNC machine with a vertical spindle 

Hermle C50 was used, with a cutting speed of 2.2m/min. The 

experiments have been carried out on a workpiece of alloyed case 

hardening steel 20NiCrMoS2-2. The hardness of the material was 

measured with the Vickers method in order to check the 

homogeneity, obtaining a variability as low as the machine capability.  

The torque forces have been measured by using the Kistler 4-

component Dynamometer (RCD) type 9171A mounted on the spindle 

as a tool holder, measuring the torque directly on the tool (Fig. 5). The 

signal conditioner 5238B1/B2 connected to the acquisition board 

SCADAS 111 was used to process the signal and load it to a PC. The 

signal was recorded via LSM Test Lab software. 

The holes have been made by using a 6.8mm in diameter drill. A M8 

tap with spiral chamfers has been used for tapping. The material of 

the tools used for tapping was HSS with TiN coating, same 

combination as the real broaching tool used in the broaching process 

to analyse.  
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Fig. 6: Holes distribution in the workpiece. 

 

A total of ninety holes have been made on each side of the workpiece, 

as shown in Fig. 6. The piece has been fixed to the machine using a 3-

crawl clamping. Three complete tests have been carried out for each 

fluid with 30 holes each, using a new tool for every test.  

1 2 3 4 5 6  

Fig. 7: Distribution of the holes for each function during a test. 

 

In each test the holes were divided in six groups as showed in Fig 6, 

with the number of holes, fluids and functions stated in Table 1. 

Table 1  

Protocol followed for each test. 

Group Nº Lubricant Function 

1 5 Oil 1 Wear off the tool and adjustment 

2 7 Oil 1 Measurement of first reference 

3 2 Oil 2/3 Transition between lubricants 

4 7 Oil 2/3 Measurement of evaluated lubricant 

5 2 Oil 1 Transition between lubricants 

6 7 Oil 1 Measurement of second reference 

 



16 
 

The performance of three oils have been analysed, one was used as a 

reference and two were evaluated. Three experiments have been 

carried out with each oil, to be statistically significant. 

The results of each fluid were then compared with those of the 

reference to obtain the relative performance of each lubricant, 

removing in this way the influence of the wear of the tool. 

 

2.2 Process oil selection 
The most relevant difference between the oils analysed can be seen 

in table 2. 

Table 2 
Cutting fluids analysed. 

Fluid 
 Density at 20ºC 

[gr/cm3] 
Viscosity at 40ºC 

[mm2/s] 
Flash Point 

[ºC] 

Oil 1 0.948 55.0 >170 

Oil 2 0.920 18.5 >150 

Oil 3 0.880 20.0 >230 

 

Oil 1 is the currently used in the process and used as a reference in 

the project.  

Oil 2 is recommended for demanding processes, as gears 

manufacturing. 

Oil 3 is designed mainly for heavy duty cutting operations like, 

reaming, deep-hole drilling, gear cutting etc.
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3 Results 
The results of the Oil 2 can be seen in Fig. 8. The figure shows the 

average torque required for the tapping process for each fluid, and 

the bars represent the standard deviation of those averages.  

 

Fig. 8: Oil 2 performance compared with Oil 1, for each of the test. 

 

As can be seen at first sight, the Oil 2 obtained better results in the 

tests compared to Oil 1 in two fundamental aspects: 

First, it obtained torques around 10% lower than those required for 

the same process and the same tool with the reference. 
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Secondly, the results collected with this oil are much more constant 

than the reference, accomplishing significantly lower standard 

variation. 

Similar results can be seen in Fig. 9, where the results for the Oil 3 are 

displayed. 

 

Fig. 9: Oil 3 performance compared with Oil 1, for each of the test. 

 

Similar to Oil 2, Oil 3 needs lower torque for the same process than 

the reference, while at the same time provide more stable results. 

To compare the fluids, the results must be compared in the same 

conditions. Therefore, the influence of the tool, workpiece and 

environment was removed by weighting the results of the evaluated 

4,47

3,73

4,32

3,74
4,07

5,16

4,71

3,89

4,32

0,00

1,00

2,00

3,00

4,00

5,00

6,00

7,00

Oil 1 Oil 3 Oil 1 Oil 1 Oil 3 Oil 1 Oil 1 Oil 3 Oil 1

Test 1 Test 2 Test 3

Nm
Oil 3



20 
 

oil in each test with the ones of the reference oil in the same test. The 

result of this process will be called relative performance index. 

The following mathematical procedure has been used to calculate the 

relative performance index TE: 

𝑇𝐸 =
𝑇𝑅

𝑇
· 100 (1) 

 

Where 𝑇 is the average value of torque for the evaluated lubricant 

and TR represents the average torque of the reference fluid calculated 

in a way: 

𝑇𝑅 =
𝑇𝑅1 +  𝑇𝑅2

2
 (2) 

 

Where TR1 and TR2 refer to the mean torque of the Oil 1, reference 

fluid, before and after evaluating one of the other fluids. 

The result of this process applied to the six tests can be seen in the 

Fig. 10, where can be seen that both fluids analysed showed better 

results than the reference, with an average of 111% for the Oil 2 and 

one of 114% for the Oil 3. 
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Fig. 10: Relative performance index of each experiment. 
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4 Discussion 
After analysing the results, a clear qualitative leap can be seen 

between the two oils analysed and the one used as reference. 

The fluid used as a reference is described by the manufacturer as a 

generalized cutting fluid, valid for a wide variety of cutting processes. 

However, as has been explained previously in section 1.4 Cutting 

Fluids in broaching, the use of a generic cutting fluid is discouraged 

for this process, since the process requirements are very high and 

specific. Unlike the reference fluid, both Oil 2 and Oil 3 are presented 

by their respective manufacturers as fluids specially designed for high 

demand cutting processes such as broaching. This can be seen in their 

viscosities, which are around 60% lower in the fluids evaluated 

compared to the reference. This is more in line with the 

recommendation of [6], who recommends low viscosity oil around 5 

to 15 mm2/s with special additives for the broaching process. 

However, the reference fluid is very far from this range and does not 

have additives specially introduced for the conditions of the process. 

 

Fig. 11: Typical torque curve for a blank hole tapping process. 

 

The consequences of the lack of adequacy of the fluid can be seen 

both in the average torque value and its variation. The standard 

variation of the reference fluid results is about twice that of the fluids 
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evaluated. This is due to a higher required torque and to the repeated 

appearance of irregularities in the registered torque. A process 

without irregularities shows a curve like the one observed in Fig. 11, 

while in several experiments significant jumps have been observed in 

the torque, as in Fig. 12 and Fig. 13. This sudden jump in torque has 

shown correlation with the size of chip generated and its evacuation. 

 

Fig. 12: Irregularity creating a fast growth in the torque. 

 

In synchrony with the recorded torque sudden increasements, long 

continuous shavings were observed, sometimes getting entangled 

and fastened into the tool.  

In Fig. 12, the torque grows abnormally fast due to the creation of a 

continuous long chip, increasing the friction between the tool, the 

chip and the workpiece as the tool goes deeper in the whole. In the 

second case, Fig. 13, a sudden jump in torque is observed. This is due 

to a short continuous chip which got trapped between the teeth of 

the tool, increasing torque a specific amount, but not progressively 

increasing the torque as the tool descend in the hole.  
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Fig. 13: Irregularity creating a sudden increasement in the torque. 

 

Those cases have been observed 23% of the times for Oil 1, while only 

9% and 8% for the Oil 2 and Oil 3 respectively, and with less 

pronounced effects in the last two. This high percentage of the Oil 1 

does not invalidate the results. This high percentage indicates that 

this oil is not suitable for this type of process. The fact that all the 

deviations of the typical curve occur when half of the tool is already 

inside the hole is another indication that the problem derives from 

the poor chip evacuation capacity and the presence of multiple 

cutting points, and not just randomness. 

In all cases in which an irregularity has occurred, it took place when 

the tool had reached a similar depth, around half the process. As the 

tool descends, more teeth enter the process, creating harder cutting 

conditions with higher lubrication requirements. The qualities of the 

fluid then begin to assume a fundamental role.  

In this scenario, viscosity has an important influence. The viscosity of 

a fluid will condition its ability to penetrate the small space that exists 

between the cutting tool and the workpiece after the cut (relief 

angle). The lower the viscosity, the easier the fluid will have to 

penetrate this area and reduce friction [17]. However, a too low 
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viscosity facilitates the fluid to escape from the cutting zone, which 

reduces the lubricant layer in excess [18]. This reduction moves the 

lubrication from the boundary to the Extreme Pressure situation, 

increasing cutting forces and tool wear.  

In the case of the highest viscosity oil, Oil 1, the fluid reaches less or 

no surface between tool and the just machined material. This 

significantly increases the tribology conditions, which increases the 

friction forces, and therefore the torque, and the temperature.  

It can be seen how the two fluids of lower viscosity, with around one 

third of the highest viscosity one, have four times better performance 

in terms of stability. However, the difference in viscosity between 

them is relatively small, thus there is no significant difference 

between them in stability. 

However, once the penetration into the relief angle is guaranteed, a 

high viscosity is advisable, since this will increase the lubrication and 

will better withstand the cutting pressures. It is therefore convenient 

now a high density. When comparing the performance of the two 

lower density fluids it has been observed that the Oil 3 has had an 

average performance index 3,5 percental points higher than Oil 2, and 

it has an 8% higher viscosity. 

This makes it necessary to find a viscosity of compromise that has 

sufficient penetration capacity to access the extremely small relief 

angles of the broaching and tapping tools, and at the same time be 

able to maintain the lubrication layer in the cutting area. 

Since the irregularities in the result increase the average torque, the 

relative performance index was calculated considering only the 

normal torque. The results obtained in that are shown in Fig. 14. 
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Fig. 14: Relative performance index removing irregularities. 

 

By removing the increase in torque introduced by the chips, the 

efficiencies of oils 2 and 3 are still higher than that of the reference 

oil. This indicates that in addition to creating longer chips that can 

disturb the process, it is still worse lubricant than the other two oils. 

The averages performance index are 103,8% for Oil 2 and 104,4% for 

Oil 3. 

Comparing the results when considering the torque introduced by the 

chips and the ones without them highlights the importance of 

controlling the chip formation. The lubricant has a great influence on 

the longitude and geometry of the chip (curl). Having long chips not 

only can increase the required torque, but it can also produce mayor 

incidents in the operation if long chips tangle up with the tool or fill 
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the space between teeth. Is therefore preferable for processes with 

poor chip evacuation the formation of short chips, becoming this an 

important factor to consider when selecting lubricant.
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5 Conclusion 
A recreation of the conditions found for a fluid in a broaching process 

has been designed, to experimentally evaluate the behaviour and 

performance of different fluids. 

To this end, torque measurements have been carried out in tapping 

processes on a piece made of 20NiCrMoS2 metal with a M8 tool of 

HSS-E TiN coated, in which different cutting fluids have been used. 

The factors analysed and compared have been the average torque 

during the process and the evolution of this value during the 

advancement of the tool. The results have shown significant 

differences between the fluids. These differences have been found in 

the two aspects analysed. 

In the average values of torque, which have shown a performance of 

up to 14% higher in the best fluid compared to the worst. 

In the study of torque evolution during the process, the fluid of worse 

performance has shown strong sudden increases, proving to be too 

unstable for the process. These unstable behaviours have occurred in 

24% of the processes performed with the worst fluid, while only 8% 

and with less severity in the best performance. 

After studying the causes of these behaviours, the relationship 

between these events and the viscosity of the fluid has been 

contemplated. A too high viscosity does not allow the fluid to access 

the contact zone between tool and freshly cut material due to the 

small relief angles, increasing friction forces, temperature and 

destabilizing the process. On the other hand, once this penetration 

has been achieved, a higher viscosity offers better lubricating 

properties, making the higher viscosity of the two stable fluids the one 

with lower torques. 

The relation with chip formation and the lubricants, and the negative 

effects of long continuous chip on the process was explored. 
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