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ABSTRACT 
 

The following paper presents our theoretical and experimental results 

regarding the physical simulation of forming process with floating contact surface, 

for marking out the dependence between workpieces shape and the potential 

failures which may follow the forming process. Cheaper material dies were used in 

our experiments, while the workpieces were made of lead, aluminum or plasticine. 

Workpieces elaboration methodology enabled, by using bi-colored stratification or 

marking wires, the visualization of the material layers flow in different zones of the 

die, in different moments of the forming process. So it was possible to correct some 

details of the real dies used for deformation. 
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1. Introduction 

 

In both activities of theoretical research and 

manufacturing, the experimental results are 

important: in the first case – to validate the 

mathematical models, while, in the second case, for 

anticipating the events taking part during the 

technological process. But realizing an experiment on 

natural scale is, in any of the two situations, hard to 

accomplish and expensive. Moreover, for our 

equipment to do that is hardly available. 

If processes simulation technique is 

well-known and appreciated in fields like aero or 

hydrodynamics, civil or industrial buildings seismic 

proof etc., when talking about forming, the simulation 

method with model materials was rarely used, despite 

process factors are, in this case, numerous and hard to 

be monitored. For this purpose, material like 

modeling pastes (plasticines), wax, silicone paste etc. 

are used. The simulation technique is quite simple, 

but it cannot be applied through simplistic methods. 

The materials used for simulation obey the 

same rheological laws as the substituted metal, but 

their yield strengths are hundred or even thousand 

times lower. This is the reason why testing may be 

realized under laboratory equipments, much smaller 

and much cheaper. Simulation on models is based on 

the systems similitude theory, which requires 

restrictions when choosing the parameters. This 

theory defines the conditions that allow the results 

extrapolation (especially regarding materials rheology 

and friction). In practice, several categories of 

plasticines are used (with different composition), 

depending on their rheology, previously determined 

through mechanical tests. The marking techniques 

and the results refining techniques are also very 

important. 

 

2. Simulation Conditions 
 

When simulating the forming processes, an analogy 

between the plasticine rheologic behavior and the 

behavior of the metal manufactured is being created 

without taking into account the inside distortion 

mechanism. 

The answer to the question “what shape will 

take the workpiece submitted to a certain stress and a 

certain forming procedure?” might be found if the 

following things are known: 

- the relation between stresses and 

deformations – meaning the yielding law; 

- the material characteristics and their 

evolution during the forming process – meaning the 

rheological behaviour law; 

- the tool profile and the workpiece initial 

shape, together with the interactions between them – 

briefly, the initial and the limit conditions; 

- the relation giving the tool – workpiece 

system mechanical equilibrium. 

 This system of equation gives the final 

form of the workpiece manufactured by forming. The 

simulation cannot be satisfactory without a good 
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similitude concerning each one of the upper-

mentioned conditions. 

 a) The yielding law. The experiments 

showed that the plasticine yields (same way as the 

metals) when the stresses overpass a certain limit 

point. Von Mises criteria may be used  
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where σ0 means the yielding stress.  

It must be noticed that the plasticine has an 

elastic deformation component appreciably higher 

than the metals have. 

 b) The rheological behaviour law. Metals power 

– type behaviour laws describe correctly enough the 

reality in the case of both deformations and forming 

speed confined variation. 

 

          mn
0 k   ,                        (2) 

 

where   k means a coefficient referring to metal  

    consistency; 

 - the generalised deformation; 

   n – peening coefficient; 

 - the generalised deformation’s speed; 

 m – coefficient expressing the speed 

sensitivity or the visco-plasticity. 

A correct simulation supposes that the 

substitution material has a behaviour law which 

analytically reflects the one of the material following 

to be simulated. Therefore, both simulation material 

coefficients m and n should be as closer as possible to 

reality. To do this, the plasticine composition may be 

modified. For example, to simulate metals heat 

forming, plasticine is mixed with silicone grease 

(named “viscosine”), in order to increase m 

coefficient. 

If the simulation operation is realized on a 

metallic material, in a cold operation processes, 

(T<0.3·Tr), the behavior law has the following form 

 
n

0 A  , (n = 0.1...0.3; m ≈ 0).        (3) 

 

 c) Initial and limit conditions. These conditions 

refer to the interaction between the workpiece 

surface, the tool surface and the environment. Three 

types of surfaces can be distinguished: 

s1 – initial (the same to both simulated or real 

workpieces); 

s2 – free (in contact with the atmospheric pressure, 

considered as insignificant); 

s3 – of contact between tool and workpiece. 

The surfaces from the last category are defined 

through one of the following friction laws: 

 - Coulomb, 

n ,                    (4) 

 - Tresca (limit-layer model), 

 

3
m 0 ,                           (5) 

where 1m0  . 

The simulation is correct only if the friction 

conditions are identical in simulation and in the real 

case 

   mm  .                              (6) 

 

From the thermal point of view, the only 

condition is that there is the same temperature in both 

cases. 

The equivalence of the friction conditions is 

difficult to be obtained, because, in most cases, the 

simulation equipment, plasticine and lubricant 

characteristics are different from the real ones. More 

than that, it is possible an interaction between 

plasticine and lubricant. 

 d) The equilibrium relation. The equilibrium 

equation expresses the equilibrium of each 

elementary volume under the action of σ tensions, 

mass forces ρg and inertia forces ργ 

 

  0gdiv                         (7) 

 

Even when the equilibrium between the two 

systems, made of different materials, is reached, this 

does not mean that the inertia forces or, especially, 

the mass ones will have the same influence in the two 

systems. When the differences cannot be considered 

as insignificant, corrections must be made. 

To conclude with, the equations and the limit 

conditions above exposed are mathematically 

modelling the major physical phenomena from the 

two systems. It remains to be established if the 

system formed by these equations does have a 

solution and if this is a unique one. The 

reproductivity of the experiments on plasticines and 

their similitude to those made on metals confirm that, 

in practice, this system of conditions is sufficient. 

A major requirement of the simulation is to 

obtain a similitude between the rheological 

behaviours of the materials used in simulations and 

the real ones. The plasticine used to build the 

workpiece must correspond to the above-mentioned 

conditions, especially when talking about m and n 

coefficients, reflecting the speed and the peening 

phenomenon. 

Plasticine characteristics can be obtained by 

mechanical tests, similar to the ones applied to the 

metals. The access to a plasticine rheology (σ0, m, n) 

requires at least checking the yielding limit point, 

before each simulation experiment. To do this, 

several tests may be used, as it follows: 
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a) the double-punching, which allows to find the 

yielding limit point, through a single test, but also to 

determine the visco-plasticity coefficient, m, by 

performing the double-punching at different speeds; 

b) diamond pyramid or Brinell hardness tests, 

which requires, firstly, to find the Young module 

through a compression test (allowed by plasticine’s 

elasto-plastic character) to calculate then the yielding 

limit point σ0. 

 

3. Workpieces Preparation Methodology 
 

The workpiece may be realised in two options: 

monochrome or in two colours. Depending on its 

complexity, it can be obtained by working the 

plasticine at environment temperature (~20°C) or by 

heating it, followed by casting in dies having the 

appropriate shape. 

 
Fig. 1. Workpieces’ preparation methodology 

 

The first solution is the most widely used and 

supposes the following steps (see also Fig. 1): 

a – Plasticine as it was delivered; 

b – Building the plasticine blocks; 

c – Rolling the blocks, in order to obtain the 

structural homogeneity;  
d – Cutting the plasticine plate by using 

 a wire, for workpieces having a rectangular 

section; 

 a pipe-punch, for circular workpieces; 

e – Stacking the workpieces from monochrome 

plasticine; 

f – Compacting the plasticine piles, to reduce their 

initial height by 10%, in order to ensure a good 

adherence between them; 

g – Cutting the workpiece with a pipe-punch 

having its wall thickness smaller than 2 mm; 

h – Alternatively, assembling the bi-coloured 

disks; 

j – Compacting the block of disks as a bicoloured 

bar and extracting the workpiece by using the pipe-

punch. 

Friction conditions similitude is ensured by 

appropriately choosing the lubricant (chalk, kaolin, 

oil, ultrasonic gel etc.). The lubricant should not react 

with the plasticine (absorption or degradation) or with 

equipment surfaces. It must also enable to easily 

extract the formed piece from the die. The friction 

ratios are found by specific tests. 

 

4. The Working Equipments 
 

Figure 2 presents the rolling device, conceived to 

work plasticine plates having constant thickness. It is 

driven by a DC electromotor whose rotation speed is 

reduced through a reduction gear; the motion is, then, 

transmitted by a distributor and two cardan drives to 

the two rolling cylinders, which can glide one versus 

another, in order to vary the plasticine plates’ 

thickness. Besides the rolling device, there are other 

necessary dies to cut the plasticine disks, to assemble 

them and also to realise the primary workpiece’s 

extrusion for homogenising compacting. 

 

 
 

Fig. 2. Rolling device and tools to make the plasticine 

workpieces used to simulate the volumetric 

deformation process  

 

The device which is used to simulate the 

superior die’s oscillatory motion is shown in Fig. 3.  

 

a) b) 

c) 

d) 

f) e) h) 

j) 

g) workpieces 

F 
F 
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Fig. 3. Device for simulating the volumetric 

deformation process with floating contact surface 

 

The ensemble is made of wood for pattern 

making. The inferior die, used for workpiece’s lying, 

has a translation motion (feed). The two motions are 

manually correlated. On its superior part, the working 

zone is closed by a transparent plate, made of poly-

carbonate, to allow the visual control of the forming 

process.  

To work out the experimental research, the 

equipment shown in Fig. 4 was also used. It enables 

the volumetric deformation of the workpieces, 

realised by the superior die (whose contact with the 

workpiece is a floating surface). 

 

 
Fig. 4. Experimental equipment to study the cold 

volumetric forming process with floating contact 

surface 

 

The device presented in Fig. 5 was used in 

order to extend the possibility of realising the forming 

process on universal machine-tools. 

 

5. The Experimental Frame 
 

The physical simulation of the volumetric 

deformation process done through a floating contact 

surface had the following goals: 

- The quantification, through visio-plasticity, of 

the deformations suffered by the real workpiece and 

the comparison between them and the results 

furnished by the physical simulation; 

- The visualisation of the material flow 

elementary phenomena, taking place in the case of a 

plasticine workpiece, realised by volumetric marking 

in a transversal plane, with bi-coloured plates or with 

marking wires (see Fig. 6); 

- The evaluation of the deformations and stresses 

magnitude and prediction of the deformation speed 

onto process parameters and material flow. 

The workpieces were made of Harbutts 

plasticine, according to the technology exposed in 

Fig. 1 and by using the equipments in Fig. 2. 

 
Fig. 5. Device to study the forming process with 

floating contact surface on the drilling machine 

 

The plasticine rheological characteristics were: 

- The yielding limit stress σo = 14 N/cm
2
; 

- The coefficient of sensitivity of the forming 

speed m = 0.06; 

- The pseudo – peening module n = 0.12. 

These characteristics were determined at the 

temperature of 20°C, in the case of a deformation 

1  and a forming speed of 1mm3.0  . 

Talcum powder (having a friction coefficient 

32.0m  ) was used in order to reduce the adherence 

(friction) between the die surface and the plasticine 

workpiece. Workpiece’s extraction from the die, after 

processing, was facilitated by the solution of making 

the die from two half-parts, aligned between them 

through pins. 
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6. Experimental Research 
 

The results of the physical simulation were compared 

to those obtained when processing a workpiece made 

of OLC 15, on a PXW-100 pressing machine. The 

dimensions of the two workpieces, before and after 

forming, are given in Fig. 6. 
The yielding laws, found by compression 

mechanical tests, are the following: 

a) steel case –  27.0600  , [N/mm
2
]; 

b) plasticine case –  12.015,0  , [N/mm
2
]. 

When 2
0 1014    N/mm

2
 (plasticine) and 

21500   N/mm
2
 (OLC 15), the similitude 

coefficient concerning the flowing limit point is 

357.15k

0

0 





 . From technological reasons, we 

take 43.0
h

h

d

d
kx 


; if n = 150 osc/min and 

s = 0.4 mm/osc, the deformation speed results, in the 

steel case, u = 1 mm/s. 

As consequence, in the case of a plasticine’s 

deformation speed u
* 

= 0,25 mm/s, it follows that 

.4
u

u
ku 


 

 

 
 

Fig. 6. The workpieces’ dimensions:  

a – OLC 15; b – plasticine 

  

The ratio between the forces required by the 

forming process, according to the rules of transposing 

the simulated values into real ones, is 

.2839kkk 2
xF    

The assembly presented in Fig. 7 was realised in 

order to study the plasticine’s deformation force 

variation, depending on the deformation degree and 

on the feed magnitude. In the inferior part of the fix 

die there is a force transducer, while the superior die, 

with floating contact surface, is set in the device 

represented in Fig. 5. 

 

 
 

Fig. 7. Assembly for studying plasticine’s volumetric 

deformation force, by using the device from Fig. 5 

 

In Fig. 8, workpieces processed by using the 

analysed method, in order to study material’s way of 

flow, deformations’ magnitude and the force 

necessary to enable the volumetric forming process 

with floating contact surface (flatting associated to an 

extrusion) are shown. 

The dependence force / superior die’s stroke is 

depicted in Fig. 9, in the case of a steel workpiece, 

together with two diagrams of the plasticine’s 

deformation force (for two different feed speeds 

s/mm25.0u1  and   s/mm2u2  ). 

 

 
 

Fig. 8. Workpieces from plasticine, processed by 

using the floating contact surface method 

 

a) b) 
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Fig. 9. Variation curves of the deformation force 

when forming with floating contact surface: 

a – OLC 15 (u = 1mm/s); b, c – plasticine 

( s/mm25.0u1  , s/mm2u2  ) 

 

7. Conclusions 
 

By analyzing the variation curves of the deformation 

force, during the orbital cold forming of the 

workpieces made of OLC 15 steel and plasticine (Fig. 

9), it can be observed a relative stabilization of the 

force magnitude but, finally, it strongly increases. 

The explanation for this could be given by the fact 

that, in the first phase of the forming, a flatting 

process takes part, followed then by the material’s 

extrusion. 

It may also be revealed that, by increasing the 

feed speed of the oscillatory die to s/mm2u2  , the 

time interval necessary for the deformation, but, at the 

same time, the force developed by the equipment 

must significantly grow. 

In the case of a given length of the oscillatory 

die stroke (corresponding to a certain deformation 

degree), e.g., mm10h   , respectively mm4h  , 

the ratio between the magnitudes of the forces 

developed by the equipment to continue the forming 

process, accounts for the calculated similitude 

coefficient F

3

k2788
N520

N101450

F

F






. 

The numerical values of the orbital forming 

force magnitude, established through physical 

simulation, were also confirmed by process’ 

numerical simulation. 
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Simularea procesului de deformare cu suprafaţă de contact flotantă 

 

Rezumat 

 

În această lucrare se prezintă rezultatele cercetărilor experimentale şi 

teoretice referitoare la simularea fizică a procesului de deformare cu suprafaţă de 

contact flotantă, pentru evidenţierea dependenţei dintre forma piesei şi potenţialele 

ruperi care pot apărea în timpul procesului de deformare. Pentru experimente au fost 

folosite matriţe fabricate din materiale ieftine iar semifabricatele utilizate au fost din 

plumb, aluminiu şi plastilină. Metodologia de deformare adoptată, pentru piesele 

obţinute din straturi bicolor de material sau fire, a permis vizualizarea curgerii 

straturilor de material în diferite zone ale matriţei, şi în diferite momente ale 

proceslui de deformare. S-au putut astfel corecta o serie de detalii ale matriţelor 

reale de deformare. 

 

 
 


