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Tablet manufacturing in the pharmaceutical industry is a complicated process that requires 

a vast amount of consideration over a variety of parameters. This study focuses on the key 

aspects of the tablet manufacturing process, describing the challenges and advancements 

that have been made by certain companies such as Huxley Bertram, Korsch and 

Medelpharm. 

 

The first section of the study introduces the reader to industrial tablet compression. This is 

done by introducing the different types of tooling and tablet presses as well as explaining 

the factors that affect the tablet compression. After this the accessories and features of 

compaction simulators are outlined thoroughly. This part also explores the critical issues that 

can occur at different parts of the compression process and how they can be measured. These 

critical issues include the adherence of particles to the surfaces, rise in production 

temperatures, radial pressure and issues that can occur during the ejection phase of the 

process. The limitations of compaction simulators and their impact on the accuracy of 

simulations are also discussed in this chapter. 

 

After this the study discusses the data analysis of the different types of compaction simulator 

data. This includes data analysis of the displacement profiles, adhesion measurements, 

temperature measurements, radial pressure measurements and ejection force measurements.  

The final section of the study describes and compares the performance data of the HB50 and 

STYL’One Evo compaction simulators, highlighting their capabilities in performance data, 

and other factors that affect the tablet compression process.  



 

 

This bachelor’s thesis has been completed as a literature review and overall, emphasizes the 

crucial role of compaction simulators in improving the tablet manufacturing process and 

medication quality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

TIIVISTELMÄ 

 

Lappeenrannan-Lahden teknillinen yliopisto LUT 

LUT Teknis-luonnontieteellinen 

Kemiantekniikka 

 

Magnus Kaurinkoski 

 

Tabletointi simulaattorin käyttöönotto farmaseuttisessa kehityksessä 

Kemiantekniikan kandidaatintyö 

 

38 sivua, 14 kuvaa, 3 taulukkoa ja 1 liite 

 

Tarkastaja: D.Sc. Abayneh Demesa 

 

Valvoja: Dosentti Satu Lakio 

 

Avainsanat: Tabletti, Puristaminen, Simulaattori, Adheesio, Paine ja Lämpötila 

 

 

Tablettituotanto on monivaiheinen ja monimutkaien prosessi lääketeollisuudessa, joka vaatii 

kattavaa harkintaa monien tekijän suhteen. Tämä tutkimus keskittyy tabletinvalmistuksen 

keskeisiin näkökulmiin. Työssä kuvaillaan prosessin haasteet ja edistysaskeleet, joita tietyt 

yritykset kuten Huxley Bertram, Korsch ja Medelpharm ovat tehneet. 

 

Tutkielman ensimmäinen osa esittelee lukijalle teollisen tablettipuristuksen. Kappaleessa 

esitellään erilaisia työkaluja ja tablettipuristimia, sekä kerrotaan tablettien puristukseen 

vaikuttavista tekijöistä. Tämän jälkeen esitellään tabletointisimulaattoreiden erilaisia 

ominaisuuksia ja lisävarusteita. Kappaleessa tutkitaan myös kriittisiä ongelmia, jotka 

ilmenevät puristusprosessin aikana ja miten näitä ongelmia voi mitata. Näihin ongelmiin 

sisältyy puristettavan materiaalien tarttuminen pintoihin, tuotanto lämpötilan nousu, muotin 

seinämiin kohdistuva radiaalipaine sekä ongelmat, jotka ilmenevät tabletin muotista 

poistumisvaiheessa. Kappaleessa myös avataan simulaattoreiden rajoituksia ja kuinka ne 

vaikuttavat prosessin realistiseen mallintamiseen. 

 

Seuraavassa kappaleessa kuvataan tabletointisimulaattorin mittaustietojen analyysia. Tämä 

sisältää tietojen analysoinnin paininten etäisyysprofiileista, tarttumis-, lämpötila-, 

radiaalipaineen ja poistovoiman mittauksista. Tutkimuksen loppuosassa kuvaillaan ja 

vertaillaan HB50 ja STYL’One Evo tabletointisimulaattoreiden ominaisuuksia. Kappaleessa 

vertaillaan simulaattoreiden mittauskapasiteettia sekä niiden suorituskykyä mitata 

puristusprosessiin vaikuttavia tekijöitä. 

 



 

Tämä kandidaatintutkielma on toteutettu kirjallisuuskatsauksena ja korostaa yleisesti 

puristussimulaattorien ratkaisevaa roolia tablettienvalmistusprosessin ja lääkkeiden laadun 

parantamisessa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Symbols and abbreviations: 

Symbols: 

D = relative density 

K = Heckel constant 

A = particle arrangement constant 

P = pressure 

 

Abbreviations: 

 

HB = Huxley Bertram 

API = Active pharmaceutical ingredient 
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1. Introduction: 
 

The pharmaceutical product manufacturing is a multistage process where an active 

pharmaceutical ingredient (API) is mixed together with other components known as 

excipients to create a formulation whilst considering factors such as particle size, pH and 

solubility (Afrin & Gupta, 2023). Excipients can include lubricants, diluents, sweeting 

agents, flavoring agents etc. After the compositions have been created they are compressed 

under high pressure into tablets. Tablets are by far the most commonly used solid dosage 

forms today due to their convenience, ease of administration and production, flexibility in 

dosage form and non-invasive treatment. (Bundela et al., 2022)  

 

The pharmaceutical industry has invested large amounts of time and money in to the study 

of tablet compaction since the 1960s. When one considers how important tablets are for this 

industry this is a very rational investment. Tablets can be directly administered by the 

patient’s themselves and therefore are far more profitable since there is no need for trained 

healthcare professionals to administer the medicine. Manufacturers also prefer tablets with 

regards to other oral dosage forms because of their low cost of production, ease of packaging 

and shipment and their resistance to tampering (Kottke & Rudnic, 2002). However, there are 

many issues that can occur during the production of tablets, hence why tablet compaction 

has been studied so profoundly. These issues include chipping, sticking and cracking. Other 

issues such as mechanical strength issues can also occur from the tablet press itself. 

 

 

The purpose of this research is to discover how to utilize compaction simulators such as the 

STYL’One Evo and HB50 in the pharmaceutical industry. The research aims to achieve core 

knowledge about each simulator's applications and describe how the simulator data can be 

analyzed and used coherently. Compaction simulation within the pharmaceutical industry is 

the simulation of the tablet compression process. This aids in the early development phase 

of new medicines as the compaction phase can be perfected using the simulator, by using 

only a fraction of the API amount that would be needed if it was studied using the actual 

commercial scale manufacturing process. This is important because APIs are very 

expensive, therefore the companies can cut the costs and carbon emissions produced during 

this phase. 
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2. Industrial tablet compression and compaction simulation 
 

In this chapter, the operation of ordinary industrial tablet presses and compaction simulators 

will be discussed thoroughly. The ordinary tablet tooling terminology will be introduced and 

the factors affecting tablet compaction will be discussed. The different types of tablet presses 

will be compared with one another and the role of the compaction simulator in 

pharmaceutical research will be outlined. The limitations of compaction simulators will also 

be discussed thoroughly. 

 

2.1 Tablet terminology and tooling types 

In the tableting industry there is a lot of technical terminology. This is because the machines 

used for tableting, called tablet presses, contain many different parts and accessories. 

However, there are two main parts used in tablet tooling, that are called the punches and the 

dies. In most tablet presses there are two punches called the upper punch and the lower punch 

which are responsible for applying pressure from both sides during the compaction process. 

The dies contain a hole called a bore which acts as the mold for the tablets. The detailed 

components of the punches and the die are illustrated in figure 1 (Chandrakant, 2023) 

 

 

 

Figure 1: Illustration of the upper punch, lower punch and die tablet tooling components (Chandrakant, 

2023) 
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Within the industry there are many different types of tooling which are selected based on the 

desired product. For example, different sized and shaped tablets need the appropriate 

punches and dies. Whilst the tablet press and the set up used often determine what tooling is 

selected the nature of the formulation also needs to be considered. For example, the 

stickiness and hardness of the product also need to be considered when selecting the tooling. 

The four main types of tooling include B, D, BD and DB punches and dies. The tooling types 

mostly have differences in the parameters of their components. These parameters of the 

tablet tooling types can be seen in table 1. (Chandrakant, 2023) 

 

 

Table 1:  The parameters of different tooling types (Chandrakant, 2023) 

Type of 

Tooling 

Punch 

length 

(mm) 

Nominal 

punch 

barrel 

diameter 

(mm) 

Nominal 

punch die 

diameter 

(mm) 

Max tablet 

diameter 

for round 

tablet 

(mm) 

Max tablet 

diameter 

for shaped 

tablet 

(mm) 

Max tablet 

thickness 

(mm) 

B 133.6 19.00 30.16 16 16 8.5 

D 133.6 25.35 38.10 25 25 8.5 

BB 133.6 19.00 24.00 13 14 8.5 

DB 133.6 25.35 30.16 19 19 8.5 

 

As can be seen in table 1 the length of the punch is the same across all of the tooling types. 

This is because the punch length does not affect the tablet composition. The differences are 

only between the diameters of the components because in order to alter the shape and size 

of the tablets, these diameters also need to be changed. These diameters are also changed in 

order to fit a certain amount of punch pairs. This is important because differently sized and 

shaped tablets are produced within the industry every day. (Chandrakant, 2023) 

 

2.2 Industrial tablet compression 

 

To understand the operational process of the compaction simulator it is essential to 

understand the process that is being simulated. The compaction process in an industrial 

setting includes the conversion of a powder or granule material into a solid tablet. This 
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happens through the application of force. This application of force is provided by a tablet 

press. There are many different types of tablet presses, however the most used one in the 

pharmaceutical industry is the rotary tablet press. (Bhaskar et al.,2017) 

 

2.2.1 Rotary tablet press operation 

 

The rotary tablet press is a large rotating system that includes many 3-piece structures. The 

3-piece structures include the upper punches, the lower punches and the die table. The first 

phase of the compaction process is called the filling phase. During this phase the feeder fills 

the die bores with the lower punches sealing the bases. After this comes the compression 

phase where the upper and lower punches push together under high pressure to produce 

dense tablets. During this phase there is a pre-compression stage where the compressed 

material is pushed together to remove excess air and arrange most of the particles close to 

each other. After this is the main compression stage where usually higher pressure is exerted 

to produce the tablet. The final phase is called the ejection phase, where the lower punches 

raise the tablet to the surface of the die table. The tablets on the die table are then rotated 

towards the tablet striper that ejects the tablets into a container. The main compression 

process is clearly illustrated in figure 2. (LFA Machines, 2019) 

 

 

Figure 2:  Illustration of the main compaction process of an industrial tablet press (HIJ Machinery, 

2014) 
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The large system allows for many tablets to be produced simultaneously. The powder 

composition varies amongst different substances and therefore the necessary compression 

force does as well. This is why the pressure of the punches needs to be tuned according to 

the powder composition. The main components of the rotary tablet press are illustrated in 

figure 3. In figure 3 these die bores can be seen on the die table; this is the area where the 

compression process occurs.  

 

Figure 3:  Illustration of the main components of the rotary tablet press from a bird’s eye perspective. 

(Mistry, 2021) 

 

2.2.2 Eccentric tablet press operation 

 

Eccentric tablet presses follow the same principle as the rotary tablet presses. They also 

contain an upper and lower punch as well as a die. However, the instrumentation and kinetics 

are very different between these two tablet presses. The lower punch is immobile during the 

compaction and therefore the force is only exerted by the upper punch. After the compression 

the lower punch raises the tablet to the surface of the die and is pushed away into a container 

by the tablet striper. The eccentric presses are typically single punch machines but there are 

some multi punch machines available. The machine can also be either hand operated or 

powered by electricity. (The Pharma Guide, 2019) 

 

2.3  Factors affecting the tablet compression process 
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There are many factors that affect the tablet compression process. These factors are either to 

do with the tablet press itself or the properties of the material being tableted. The problems 

that arise from the physical properties of the composition include factors such as moisture 

content, porosity and deformation properties. Excessive moisture content can affect the 

compression procedure because it can cause the tablet to adhere to the surface of the press 

which can cause the production of defective tablets. On the other hand, if the tablets are dry 

it can cause them to crack, as most of the bonding within the tablet is hydrogen bonding, 

which requires water. The mass flow and the segregation of the particles also affect the 

compression process. If the mass flow is poor there might not be enough powder to compress 

within the die bore. (Kanetkar, 2019)  

 

 

The tablet press itself also produces a variety of issues during the production phase. The 

issues can include the deformation of the press or selecting the wrong tooling for a specific 

powder. However, a very common problem regarding the compression process, derives from 

the compression speed of the tablet press. This is a common issue because within the industry 

it is desirable to produce tablets quickly since the demand is very large. However, the faster 

these tablets are produced the more problems occur. When the tablets are produced at a high 

speed a lot of air pressure forms within the die and tablets. This speed also causes the 

machine to heat up which also alters the production temperature causing changes in the tablet 

composition. Scientists have attempted to model this fast compression process on a smaller 

scale which has been achieved quite successfully with machines called compaction 

simulators.  (Martin Bennett, 2024) 

 

 

2.4 Compaction simulation 

 

A compaction simulator can be used to determine the necessary compression force required 

for different types of powders during industrial production. This will significantly reduce 

the time it takes to tune the industrial presses and will help determine the perfect compression 

for different formulas. Compaction simulators are like ordinary tablet presses, but single 

station machines and therefore require only a small amount of API. This means that they are 

only equipped with one set of the 3-piece structure and therefore they are only able to 

compress one tablet at a time. The compaction simulator can be powered mechanically or 
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hydraulically and operates in a similar way to the ordinary tablet press. The upper and lower 

punches come together causing pressure that forms a tablet in the die bore. However, the 

simulator can produce the same compression kinetics as any high-speed tablet press used in 

production (Korsch, 2023). Achieving similar compression kinetics is essential for 

modelling this process because many of the issues that occur during industrial tablet 

compression derive from the compression speed of the tablet press. (Martin Bennett, 2024). 

These machines are also equipped with different types of punches thus enabling us to 

simulate the compression of many different tablets. Examples of these punches include flat-

D type punches often used in development and concave B-type punches used in production. 

(Korsch, 2023) 

 

2.5 Compaction simulator utilization 

 

The main functions of the compaction simulator are to simulate the real production 

conditions of tablet presses whilst keeping track of the punch displacement and compression 

force throughout the entire compression cycle, as well as determine the compaction 

properties of pure APIs to help select the appropriate excipients. The punch displacement 

refers to the change in the position of each punch during the compression phase and the 

compression force refers to the pressure exerted on powder by the punches during 

compression. The compaction simulators can also include specific dies that can measure the 

stress exerted on the die walls from the powder, during compression and ejection. When 

combing lower punch force, upper punch force, ejection force, punch position with the die 

wall force, useful information such as maximum/residual die wall pressure can be calculated. 

Some compaction simulators contain sensors that can monitor the adhesion of a tablet on the 

punch as well as the study the effect of die temperature on compression. (Korsch, 2023) 

 

2.6 Limitations of compaction simulators  

 

Although compaction simulators can be very useful machines when wanting to determine 

the compaction properties of different substances they are not capable of modelling the 

larger scale process without any limitations. Rotary tablet presses have powder feeding 

systems called force feeders that are used to fill the dies with powder. Whilst compaction 

simulators also have powder feeding systems they are not able to accurately replicate the 
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effect of these feeding systems on the process. This means that the material flow and 

segregation issues cannot be studied precisely and therefore other methods are required for 

that. When conducting basic analysis, the compaction simulator is quite user friendly 

however, to be able to use all of the features on the machine expertise in data manipulation 

and analysis is required. Another critical limitation, is the compaction simulators inability to 

replicate the effect of the centrifugal force experienced on the rotary tablet press. (Ozalp & 

Jiwa, 2021) 

 

3 Compaction simulator accessories and instrumentation 
 

In this chapter the compaction simulators will be evaluated thoroughly. The accessories and 

features that can be used with the machines will be introduced. Therefore, the main uses of 

the compaction simulators and how the compression data they produce is useful will become 

apparent in this chapter. 

 

3.1 Industrial rotary press simulation 

 

One of the most useful features of a compaction simulator is its ability to simulate the 

production of tablets using the industrial rotary presses. Most compaction simulators have 

roller press test profiles that can be used to simulate the conditions of different rotary tablet 

presses. The trajectory and the speeds of the punches, differ amongst different rotary tablets. 

Therefore, using the compaction simulator we can simulate both of these parameters for each 

press thus being able to analyze which press produces more defects for each specific 

material. Figure 4 shows how the speed of the punch affects the distance it travels for 

different types of rotary tablet presses. (Huxley Bertram, 2022) 
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Figure 4 : Illustration of how the punch speed affects the displacement of its trajectory for different 

rotary presses. (Huxley Bertram,2023) 

 

During the industrial production of tablets the rotary press components are elastic. This 

means that during compaction, contact faces can deform, metals can stretch and bend 

altering the compaction requirements. In the past, compaction simulators have been 

programmed to assume that the rotary tablet presses are infinitely stiff producing very 

theoretical data. This produces very simplistic and unrealistic calculations of parameters 

such as strain rate and dwell time. However, the compaction software on a Huxley Bertram 

simulator provides a feature where it takes into consideration the elasticity of the rotary tablet 

press. This produces far more accurate and reliable simulation results which will lead to 

greater assurance for scaling up tablets within the pharmaceutical industry.  

 

3.2 Adhesion force measurement 

 

A problem that can occur during the compaction phase is the powder’s adherence to the die 

and punch surfaces. The adhesion force between the tablet and the upper punch after 

compaction can be measured using instrumentation called the adhesion force measuring 

punch (Adhesion Punch). The adhesion punch can sustain high compaction loads measuring 

up to 30 kN, while also being able to obtain detailed data from the minuscule adhesion forces 

after compaction, measuring in between 0 – 20 N. This is essential because in industrial 
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tablet production the necessary compaction force can be very high while the small adhesion 

forces are commonly under this 20 N range. Figure 5 illustrates the components of the 

Huxley Bertram adhesion punch. 

  

 
Figure 5: Illustration of the components of the adhesion punch. (Huxley Bertram, 2015) 

 

The adhesion punch apparatus can be fitted for either the B or D punch type. In figure 5 the 

punch has been fitted with the B Punch. Lower in the figure the measuring tip of the 

apparatus can be seen. This is where the adhesion force is measured. The tip is curved and 

slightly narrower than the punch itself to prevent shear stress from the die bore wall as the 

upper punch rises affecting the adhesion measurements. (Huxley Betram, 2015)            

 

Some simulators measure the adhesion of tablet using slightly different instrumentation. The 

adhesion forces can also be measured during using an instrumented tablet striper. After the 

tablet has been raised to the die table using the lower punch, the instrumented tablet stripper 

measures the force required to remove the tablet from the lower punch. (Korsch, 2023) 

 

3.3 Pressure instrumented dies 

 

During compression the die wall pressure plays a significant role within the tableting 

process. To understand compaction behavior, it is essential to obtain accurate die wall 
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pressure measurements. Using the instrumented dies, it is possible to measure the radial 

pressure at different parts of the tablet throughout the whole compaction process. During the 

compression of an industrial tablet, axial pressure from the punch is transferred into radial 

pressure on to the die walls. This transfer of pressure provides a measurement of friction 

within the powder which can be used to determine the minimum amount of lubricant. After 

compression, the remaining residual die wall pressure will cause ejection stress. Measuring 

this pressure and the relaxation rate of the radial pressure can be useful in determining 

ejection stress. The pressure instrumented dies can contain up to 3 sensors measuring 

pressure up to 350 MPa and at a maximum of 80°C. (Huxley Bertram, 2015) 

 

3.4 Ejection punch 

 

During tablet manufacturing a wide range of defects can occur. This often occurs during the 

ejection phase of the compaction process. This is because during ejection, the tablet 

experiences shear stress from the die wall as the lower punch raises it to the surface of the 

die wall. This can result in the chipping, cracking or lamination of the tablet. Using the 

ejection force measuring punch, detailed studies on the ejection force can be conducted. The 

ejection force punch can be fitted with the B punch type and can sustain a force of up to 50 

kN. The calibration range of the punch is in between 0 – 5 kN. (Huxley Bertram, 2015) 

 

3.5 Temperature instrumented punch and temperature controlled tooling 

 

Currently there is little knowledge regarding the effect of temperature on the compaction 

process. This is because it is challenging to measure the internal temperature of the tablets 

over a short period of time. However, the temperature instrumented punch allows for internal 

temperature to be measured at the speeds of the industrial production presses. The 

temperature instrumented punch is the B punch with a maximum force capacity of 30 kN. 

The calibration range is in between -10°C to 100°C. 

 

Compaction simulation is usually carried out at normal room temperature conditions which 

can lead to problems associated with the production temperature remaining unnoticed. 

Temperature is a significant factor to consider because, during tablet production the presses 

can heat up a lot due to many different factors such as the compression of gas and particle 
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friction. The rise in temperature can cause various challenges during production such as 

transformation, adhesion and changes in the composition of the formulation. Using the 

temperature controlled tooling feature on the simulator, the real temperatures experienced 

during production can be simulated. The effect of the production temperature on the internal 

tablet temperature can be studied by combining this feature with the temperature 

instrumented punch. This tool can also be used to determine the production temperature's 

effect on other factors such as tablet hardness. (Huxley Bertram, 2015) 

 

3.6 Mini-tablet punch holders 

 

The development of mini-tablets can be quite challenging since the apparatus used to make 

them is considerably smaller and therefore they have different requirements. However, these 

micro-tablets can be analyzed with the appropriate measuring devices and accessories such 

as micro-tablet punch holders. These punch holders contain sensitive loadcells that can 

measure the load force precisely. When using this accessory, the machine ensures not to go 

over a certain force to prevent damaging the device. This is because the force capacity of 

this punch holder is only 2 kN. (Huxley Bertram, 2015) 

 

3.7 Shear tester of multilayer tablets 

 

Tablets can contain two or more APIs, which can mean having to combine multiple tablets 

into one. These tablets are called bilayer tablets because they contain many layers, each layer 

containing a drug. Figure 6 clearly illustrates how multilayer tablets are produced. (Huxley 

Bertram, 2015) 

 

Figure 6: Illustrating the production of multi-layer tablets. (Si-Hoon, 2019) 
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As we can see from figure 6 the multi-layer tablet production is very similar to ordinary 

tablet production. The only difference is that the die has to be filled multiple times between 

layers. These tablets can also be made on the compaction simulators. However, the simulator 

also has a shear tester fixture which can measure the adhesion force between the layers of 

the tablets. This can be useful since it also gives a measure of the overall strength of the 

tablet. Figure 7 shows how the shear tester operates (Huxley Bertram, 2015) 

 

 
Figure 7: Illustration of the operating principle of the shear tester. (Huxley Bertram, 2015) 

 

 

3.8 Roller compaction simulation 

Roller compaction is a method used to granulate material. It is a popular choice when 

dealing with components that are sensitive to high temperatures or moisture, have poor 

flow properties or lead to defective tablets. During this process, material is drawn through 

a feed screw between two rolls, which densifies the powder into ribbon like shapes. After 

this these shapes are granulated using a mechanical mill and appropriate sieve size. 

Compaction simulators can be used to mimic the compaction process of a roller compactor 

by making these ribbon-like shapes as well. This helps determine the efficiency of this 

granulation method for different materials as it can be studied on a much smaller scale. 

(Zinchuk et al., 2004) 
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4. Analysis and interpretation of compaction simulator data 
 

There is a variety of data produced by compaction simulators. The analysis and interpretation 

of this data is discussed thoroughly in this chapter. This will give a better understanding of 

the different analytical techniques and calculations used, while also showing how this 

analysis is useful for providing information about the different compaction properties of 

powders. 

 

4.1 Displacement profiles 

 

The most basic data that the compaction simulators provides in the form of displacement 

profiles. These graphs tell us how the force applied by the machine affect the displacement 

of the punches throughout the compression cycle. This gives us a fundamental understanding 

of the specific amount of displacement required for certain formulations to be made into 

tablets. This also gives an understanding of the necessary pressure required to achieve this 

displacement. (Korsch, 2023) 

 

There are many different types of displacement profiles that can be produced however the 

two main ones are the saw-tooth profiles and rotary tablet press profiles. The rotary tablet 

press profiles give us a better understanding of the displacement of the punches of the 

industrial tablet presses, whereas the saw-tooth profiles provide better data when studying 

the densification and deformation of a powder. Figure 8 displays a typical punch 

displacement profile measured by a compaction simulator. (Korsch, 2023) 

 

Figure 8: Typical compaction profile showing how the force and displacement change throughout the 

compression process (Yassin et al., 2015) 
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In figure 8 the first graph shows how the exerted pressure of each punch changes throughout 

the compression process while the graph on the right displays how the displacement changes 

throughout the process. Both of the punches exert a similar amount of pressure however only 

the upper punch position changes. This is because the upper punch compresses down onto 

to the powder whilst the lower punch only seals the die bore by making sure it stays 

immobile. During the ejection phase the lower punch position changes since the tablet is 

ejected out of the die bore. (Yassin et al., 2015) The two graphs in figure 8 are often 

combined to form a force-displacement graph which provides even better insight on the 

material’s properties. A force displacement graph is displayed in figure 9. 

 

 

Figure 9:  Force-displacement graph showing the different areas of a compression event (Patel et al, 

2007) 

 

Figure 9 clearly shows how the displacements moves a lot at the start of the compression 

event however as the particles start to rearrange more the displacement requires more force 

to be able change. Point C indicates the end of the compression event and the start of the 

ejection phase. After the load is relieved the displacement slightly decreases as a result of 

the upper punch releasing the pressure. (Patel et al, 2007) 
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4.2 Heckel analysis 

 

Heckel analysis is a method that is widely used to distinguish compaction properties between 

plastic and brittle materials. When making a formulation it is important to achieve the correct 

balance of plastic and brittle materials to ensure sufficient tablet strength. In 1961 Heckel 

proposed the following equation called the Heckel equation. (Heckel R.W.,1961) 

  

ln(1/1-D) = K*P + A 

 

The equation has four parameters where D is the relative density, P is the pressure applied 

during compaction and A is a constant that is suggested to represent particle rearrangement. 

K is a so called Heckel constant and the reciprocal of K can be used to calculate the mean 

yield pressure of a material. Heckel compared this equation to the first-order chemical 

reaction, where concentration is replaced with porosity and time with the applied pressure. 

Therefore, this equation assumes that the rate of change in the relative density of a powder 

is inversely proportional to the change in the porosity.  (Heckel R.W.,1961) 

 

4.2.1 Relative density D 

 

In the pharmaceutical industry the relative density (D) of a composition refers to the 

relationship between a powder’s true density and its bulk density (Patel et al., 2022.) The 

true density is measured using a method called helium pyncometry. This method measures 

the true volume of the material by excluding the porosity within the tablet. After this the true 

density is calculated by dividing this volume by the mass. The bulk density is calculated 

using the thickness of the tablet at the applied pressure as the dimensions for the volume 

calculation. This method does not exclude the porosity and therefore is not as accurate. The 

relative density D is then calculated by dividing the true density value with the bulk density 

value. (Hooper et al., 2016). The parameter (1-D) in the Heckel equation can also be 

described as the measure of porosity within the tablet at a given pressure. (Mahmoodi et al., 

2013) 

 

4.2.2 Heckel plots 
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The porosity of different pharmaceutical powders changes throughout the compression 

process can be analysed using Heckel plots. In the Heckel equation, the parameter ln(1/(1-

D)) can be called the Heckel number. As the porosity parameter is in the denominator of the 

Heckel number we can determine that as the porosity of a compact decreases the Heckel 

number increases proportionally. In a Heckel plot, the Heckel number is plotted against the 

pressure exerted during compression. Therefore, when the pressure increases the Heckel 

number also increases. In the Heckel plot, there are three phases of the densification. A 

typical Heckel plot outlining these three phases can be seen in figure 10. 

 

 
Figure 10: Typical heckel plot (Peciar et al., 2016) 

 

The first phase of the compaction is called rearrangement this starts at the y-intercept. In the 

Heckel equation this intercept is the constant A. During rearrangement the particles arrange 

in an order that is as compact as possible. After this comes phase 2 which is called plastic 

deformation. During this phase the particles undergo permanent deformation meaning that 

the shape of the particles is irreversibly changed. From the plot we can see that this is section 

is linear. The slope of this linear is the constant K from the Heckel equation. By taking the 

reciprocal of this constant we can calculate the mean yield pressure, so the maximum stress 

a material can tolerate before undergoing permanent deformation. During phase 3, elastic 

deformation occurs which is a temporary deformation that will be reversed once the load is 

removed. (Peciar et al., 2016) 

 

The strain rate sensitivity is a key aspect when considering heckel plots. They help us 

determine whether a material deforms via fragmentation or whether it deforms plastically. 
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This can be measured by completing heckel analysis at two different compaction speeds.  If 

the heckel plots are identical regardless of the compaction speed the material deforms via 

fragmentation. However, if the plots are not the same the material deforms plastically. 

(Heckel R.W.,1961) 

 

4.3 Adhesivity measurement and analysis 

 

Adhesivity can be described as the measure of stickiness of a material. The data is displayed 

on a graph with three axes as shown in figure 11. The first y-axis is the upper punch position 

which is the distance of the punch from the die surface. The x-axis indicates the compression 

time and the second y-axis is the punch adhesion.  

 
Figure 11: Displaying adhesion data of ten different compounds (Huxley Bertram, 2015) 

 

The data that is displayed in figure 11 was collected from ten different compounds. The clear 

red line shown in the figure called the position trace, illustrates the position of the punch 

during the compression of all ten different compounds. The movement of the punch is 

constant throughout the ten trials therefore they are all displayed as one line. The other lines 

display the adhesion forces of each compound. In figure 11 the upper punch starts to rise at 

around 1 s, this can be seen from the spike in all the adhesion forces followed shortly after 

1 s. With these ten compounds the adhesion varies from about 2.6 N to almost 16 N. (Huxley 

Betram, 2015) 
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4.5 Pressure instrumented die measurement and analysis 

 

The pressure instrumented dies contain three sensors that measure the radial pressure of the 

powder throughout the entire compression process. The sensors are placed at different 

heights within die, enabling accurate measurements at different parts of the tablet. After the 

compression process these sensors are also used to measure the residual die wall pressure as 

well as the relaxation rate during ejection. Figure 12 shows how the radial pressure changes 

throughout a compression process. 

 

 
Figure 12: Graph showing how the die wall pressure of a powder changes at three different heights 

(Huxley Bertram, 2015) 

 

From figure 12 it can clearly be seen that the compression begins slightly after 0.2 s. All 

three of the die wall pressures peak at around 0.5 seconds. The graph also shows that there 

is a clear difference between the measured radial pressures at different heights of the die 

wall. The spikes also give a small indication of the dwell time since during this time the 

tablets are being compressed. The main compression phase ends at around 0.7 s. This can be 

seen from the rapid decrease in all of the pressures and from the upper punch load dropping 

to zero. After this we can see a measurement of the residual radial pressure and the residual 

lower punch load. It can also be seen how the remaining residual pressure slightly relaxes 
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before ejection. This can be useful when determining the shear stress that the tablet will 

experience before ejection. Ejection starts at around 1.5 s and this is seen from the drop in 

all of the pressures except for the lower punch load, which rises momentarily as the tablet is 

pushed out of the die. These pressures instrumented die measurements are also used to 

conduct further analysis on parameters such as Poisson’s ratio and the effect of internal 

lubrication. (Instrumentation, Huxley Bertram, 2015). 

 

4.6 Temperature measurement and analysis 

 

The temperature accessories of the compaction simulator provide a variety of data. The 

accessories can be used to adjust the temperature of the die and the punch in order simulate 

the real production temperatures. By using the temperature instrumented punch, the effect 

of this simulated temperature on the tablets internal temperature can be determined. Figure 

13 displays the data produced after using the temperature instrumented punch. 

 

 
Figure 13:  Displaying the effect of speed and load force on the tablet’s internal temperature. The red 

and green lines represent the compression force and speed of the compaction while the blue and purple lines 

represent the temperature generated. (Huxley Bertram, 2015) 

 

In figure 13 the red and green lines represent the compression force and speed of the 

compaction while the blue and purple lines represent the temperature generated. According 

to the graph, a low compression force and higher speed produce a higher temperature than a 
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high compression force and a low speed. This may be due to the fact that the air compression 

produced is much higher at a higher speed thus causing a larger change in temperature. 

(Huxley Bertram, 2015) 

 

4.7 Ejection force measurement and analysis 

 

The ejection force punch mainly provides data about the force required to eject the tablet. 

The data is recorded throughout the entire ejection process. To prevent tablets from chipping 

and cracking during ejection, lubrication can be added which will reduce the shear stress 

produced from the die walls during the ejection process. This will also affect the data 

produced by the ejection punch. Figure 14 illustrates how the ejection force changes 

throughout the entire ejection process. (Instrumentation, Huxley Bertram, 2015) 

 

 
Figure 14: Illustrating the ejection force throughout the whole ejection process (Huxley Bertram, 

2015) 
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In figure 14 there are two load traces displaying the main loadcell and the ejection punch. In 

the figure the ejection process begins slightly before 18.5 seconds. Since the ejection force 

punch is very sensitive the initial force can be seen as a spike which goes up very quickly 

and comes back down. After the initial forces, the ejection force slightly increases and then 

decreases rapidly towards the end of the process. This is due to the changes in the shear 

stress throughout the process. The whole ejection process takes about 200 ms with the 

highest ejection force reading at around 0.370 kN. (Huxley Bertram, 2015) 

 

5 Compaction simulator performance data and features 
 

The performance data of a compaction simulator tells us about the efficiency of the machine. 

This data can be useful when determining the applications of the machine. When considering 

the data performance of compaction simulators there are many factors that need to be 

considered. In this chapter the features and performance data of the Huxley Bertram HB50 

simulator as well as the Korsch STYL’One Evo compaction simulator data will be outlined, 

compared and analyzed thoroughly. 

 

5.1 Compaction simulator terminology 

 

When discussing the features and performance of compaction simulators there is a lot of 

technical terminology that needs to be understood before being able to compare each 

simulator. The main terms that are good to understand include dwell time, force resolution, 

position resolution and maximum punch velocity. The dwell time refers to the amount of 

time where the punches are stationary during the compression phase. During this time the 

maximum force is exerted on to the formulation. The compaction simulators are capable of 

measuring this time precisely. The force and position resolutions refer to the smallest 

possible intervals of measurement that can be made, regarding the force and punch position 

of the compaction simulator. The maximum punch velocity refers to the maximum speed at 

which the punch can move during compression. (Huxley Bertram, 2015) 

 

5.2 HB50 features and performance data  
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The Huxley Bertram HB50 compaction simulator has many different accessories and 

therefore can provide useful information about the compaction properties of different 

powders. The simulator can exert a force of up to 50 kN. The simulator has load control, 

which enables very accurate control during compression. If a load of 5 kN is desired, the 

simulator provides the 5 kN force precisely. When collecting data using the v-shaped 

displacement profile the simulator can measure the dwell time with an accuracy of under 

one millisecond. The simulator can also measure the displacement of the punch during 

compression with an accuracy of 1 µm. The maximum punch velocity on this simulator is 

500 mm/s. Many of these parameters can be changed in order to determine which parameters 

fit best for each powder. The simulator is also capable of making 8-single layer tablets per 

minute. This performance data of the HB50 simulator is outlined in table 2 below. (Huxley 

Bertram, 2015) 

 

Table 2:  Displaying the performance data of the HB50 compaction simulator (Machines, Huxley 

Bertram, 2015) 

Double ended rated force 50 kN 

Max rated punch speed 500 mm/s each actuator 

Dwell time < 1 ms using V profiles 

Data Acquisition 100 kHz per channel simultaneous 

Position Resolution  1 µm 

Force resolution  < 5 N 

Cycle rate (single layer) 8 tablets per minute, automatic fill 

 

The HB50 compaction simulator also has a wide variety of features and accessories that 

make it a very useful machine. One of the main features the simulator offers is called a press 

library. Within this library there is a wide selection of tablets presses that can be simulated. 

Using this feature the user can also add new tablet presses that can then be simulated as well. 

Using this simulator tablet surface hardness and breaking strength of tablets can be 

investigated using the Vickers indenter and a piezo hardness tester. HB50 has all of the 

accessories mentioned in chapter 3 as well as many other features that provide accurate data 

about the compression properties of different powders. In this simulator the adhesion punch 

which is displayed in figure 5 is used to measure the adhesion forces. (Huxley Bertram, 

2015) 
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One of the features that make the Huxley Bertram compaction simulators truly unique is 

their press elasticity software. This considers the deformation of the tablet press components 

overtime thus producing far higher simulation accuracy which gives far more reliable 

compression data. This simulator produces accurate displacement profiles which provides 

useful information about the compaction properties of different powders. Heckel analysis 

can also be entertained with the data thus providing information about the porosity of the 

different formulations. (Huxley Bertram, 2015) 

 

5.3 Korsch STYL’One Evo features and performance data 

 

The standard instrumentation in the STYL’One Evo compaction simulator is used for 

measuring precompression force, main compression force, ejection force, upper punch 

displacement and lower punch displacement. The more advanced instrumentation is used for 

measuring the die wall pressure and adhesion force of the tablet. This simulator uses an 

instrumented tablet striper to measure the adhesion forces of the different substances.  The 

STYL’One Evo compaction simulator also contains a dual scale accessory that improves the 

resolution of the simulator when measuring lower forces. This allows for position and force 

measurements to be made with an accuracy of 1 µm and 1 N. (Korsch, 2023) 

 

The STYL’One Evo also has similar performance data as the Huxley Bertram simulator, 

however there are some minor differences. This simulator can also exert a force of up to 50 

kN however hardware and software can be installed that upgrades the maximum force to 80 

kN. This can be useful when producing larger tablets. The dwell time accuracy on this 

simulator is also around 1 ms. Accurate dwell time measurements can be made from around 

2 – 3000 ms. The maximum punch velocity on this simulator is 490 mm/s. The performance 

data of the simulator can be seen in table 3. (Korsch, 2023) 
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Table 3:  Displaying the performance data of the Korsch STYL’One compaction simulator (Korsch, 

2023) 

Double ended rated force 50 kN 

Max rated punch speed 490 mm/s 

Punch acceleration 25,000 m/s2 

Dwell time 2 – 3000 (accuracy 1 ms) 

Position Resolution  1 µm 

Force resolution  10 N (1 dual scale software) 

 

This simulator also has many other features that make it very useful. For example, it is also 

capable of producing multi-layer tablets of up to five layers. These tablets can also be made 

using the high-speed rotary tablet press profiles. This machine also has a full library of rotary 

press profiles similar to the HB50. There is also an external lubrication capability which 

allows the system to lubricate the punches and dies to prevent adherence of the formulation 

without mixing the lubricant into the formulation itself. (Korsch, 2023) 

 

To ensure a safe working environment, it also possible to add OEB 4/5 configuration (i.e. 

containment) to this device whilst still being able to accommodate of the accessories. Korsch 

and Medelpharm have invested a lot in operator safety by making sure to reduce operator 

exposure to airborne particles. Huxley Bertram also has this safety feature however it is only 

available on the HB100 

 

There is also a possibility to adjust the compression cycle parameters to analyze how this 

will affect the compression. These parameters include filling time, precompression time, 

main compression time, dwell time, relaxation time between pre and main compression, time 

before ejection and ejection speed.  

 

This simulator also produces accurate displacement profiles and Heckel analysis can also be 

performed using the data this simulator provides. This simulator has most of the same 

accessories that are mentioned in chapter 3, however there is limited availability of the 

information on whether this simulator can carry out accurate measurements of internal tablet 

temperature during the compression phase. There is also limited availability regarding the 
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information of whether this simulator can carry out compression force measurements while 

considering the elasticity of the components of the press. (Korsch, 2023) 

 

6. Conclusions 

 

This thesis aimed to research the main uses of compaction simulators in pharmaceutical 

development. It was found that the simulators provide elaborate data on the compaction 

properties of different materials, and detailed studies on different tablet presses can be 

conducted on a much smaller scale using these simulators. The compaction properties are 

influenced by a variety of different factors. Most of these factors can also be analyzed with 

compaction simulators. These factors include the powder’s adhesive properties, porosity, 

production temperature, internal temperature of tablets, internal lubrication of the formula 

and the moisture content of the powder. Other factors related to the tablet press also affect 

the production of tablets. These are related to the deformation of the press itself, the speed 

at which the press produces the tablets and the tooling selection of the tablet press.  

 

Huxley Bertram’s compaction simulator HB50 and Korsch’s simulator STYL’One Evo were 

analyzed thoroughly. Both of the simulators have good performance data as well as useful 

features. The performance on both simulators were very similar however there were a few 

minor differences. They both had a general maximum exertion force of up to 50 kN however 

on the STYL’One Evo a hardware and software could be installed to the simulator that 

allowed it to reach a force of up to 80 kN. The HB50 does not have this feature, however the 

HB100 can reach forces of up to 100 kN. The STYL’One Evo simulator also included 

information about the maximum acceleration of the punch whereas the HB50 did not. Most 

of the other performance data parameters were fairly similar across both simulators. Both of 

the simulators had extensive features that enable extensive studies on compaction properties. 

However, the HB50 contains the press elasticity feature which is truly unique to that 

simulator and is not included in the STYL’One Evo. There is also limited availability of the 

information on whether the STYL’One Evo can be used to measure the internal temperature 

of tablets during production.  

 



 34 

This research is very important to the wider society because tablets are one of the most 

commonly used solid dosage forms of medicines. By using this research, tablets can be 

manufactured with significantly enhanced speed efficiency and safety. However, there are 

some gaps in this research that need further investigation. This includes investigation into 

factors that contribute to compaction such as mass flow and segregation issues as well as the 

centrifugal force that occurs within rotary tablet presses. These advancements directly 

contribute to the well-being of countless individuals, as advancements in medicine continue 

to positively impact and enrich lives every day. 
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Appendix 1. Materials and methods 

 

The main databases that has been used for this bachelor’s thesis is google scholar and 

google. However, a few sources were found using LUT primo as well. The search 

words/phrases that were used include compaction simulation, adhesion force, heckel 

analysis, porosity, HB50 compaction simulator, STYL’One Evo compaction simulator, 

compression speed and temperature tooling. There was a lot of information regarding the 

simulators online, however it was slightly challenging to find features that were unique to 

each specific simulator. An interview from a representative of the company Huxley 

Bertram was conducted. This interview provided concise and detailed information about 

the HB50 compaction simulator. 
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