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Abstract. In the paper before you, the authors study the kinematics of the orbital deformation 

process on the base of the trajectory equation of the mobile element of the machine. Also, the 

authors show that the trajectory is a closed cycle curve with a finite number of lobes. Relations and 

charts are presented for the calculation of the number of lobes and their width depending on the 

machine setting. The upper mold half trajectory choice (active tool) to match the best part deformed 

kinematics requires detailed knowledge of orbital plastic deformation process, something which 

develops in the present paper. 

Introduction 

In metal processing by plastic deforming, one of the processes that imposes greatly nowadays in 

the direction of obtaining parts with a specific form as close to the finished product form as 

possible, directing pressure due to deformation in certain directions during convenient in relation to 

the geometry of the work piece, is defined as orbital plastic deformation.[1],[2] Focusing the plastic 

deformation effort in a limited volume and its displacement volume subjected to plastic deformation 

draw in itself, besides the possibility of routing the deform state on the imposed work piece’s 

geometry directions, a 5…20 times reduction of the workforce and an rise in the deforming degree 

[2],[3]. Orbital deformation it is non-conventional technology like water jet cutting [4],[5], rapid 

prototyping [6], rapid tooling [7].     

Plastic Deformation Kinematic Process 

The schematic diagram of an orbital presses plastic deformation is shown in figure 1.  

Eccentric bushings and second rotational movements performed with different speeds in size and 

purpose, so pivot shaft 3 describes a trajectory flat trajectory that is presented in the literature 

[8],[9],[10] as four different curves lines. This eccentrical bushings can be produse by plastical or 

composide material [11],[12]. Analytical study of the trajectory of the pivot shaft 3 is based on the 

representation of Figure 2. 

Should O1 the center of rotation of the bush 1 and O2 thecenter of rotation of the bush 2, 

where O1O2 = e1 is the eccentricity of the bush 2 from the bush 1. The pivot shaft 3 is held at the M 

point, placed eccentric wise O2M=e2 regarding the 2 bush. 

 and  is the position angles at a time towards a system of fixed reference points O2 and 

M. bushings imprinting two uniform circular motion with angular velocities w1 and w2 and 

considering that at baseline had angular position (phase angle) 𝝋1 and 𝝋2 different angles ⍬1 and ⍬2 

is written: 

 

        (1) 
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Fig. 2. The path of the upper die 

 

Fig. 3. Trajectory of the superior die 

 

1 – eccentric bush I, 2 – eccentric bush II, 

3 – oscilanting spindle;4 – superiour die; 

5 – inferiour die; 6 – extractor;  

7 – advansing piston. 
 

Using items presented equation trajectory point M will be in rectangular coordinates 

     (2) 

 

and in polar coordinates 

    (3) 

 

Parametric equations are, depending on the parameter t and describe the trajectory of point M 

depending on initial conditions, namely e1: e2: 𝝋1: 𝝋2: 𝝎1: 𝝎2. 

For example, the movement on the circle supposes: pm = constant, which leads, according te 

equation (3) to 𝝎1= 𝝎2. The circle will have the following radius: 

R =      (4) 
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Determining Rotations Required To Obtain Trajectories Tool Tip 

After the previous sections studied trajectories that will top of the die, in this subchapter shall 

determine speeds we need to get these trajectories. To get these speeds we adopt three paths to be 

executed by the upper die.[1],[2] 

 

a. Circle 

b. Three spiral loops 

c. 4 trajectory lobs. 

 

a. For the top of the die to describe a circle, it is necessary to have the following condition: 

K =           (5) 

Or 

𝝎0  = 𝝎1          (6) 

 

meaning that the central spindle’s  angular speed to be equal to the tubular spindle. 

This relation can be described in this form: 

n0 = n1  i=1         (7) 

 

Where it was noted that i is the allowance transfer: 

b. For the top of the die to describe a tree spiral loop it is necessary to have the following 

condition: 

K =        (8) 

 

relation that’s equivalent with the following: 

  = 4    sau  n0 = 4n1      (9) 

 

meaning that the central spindle’s revolution to be for times greater than the tubular spindle and 

having the same direction. To create this effect we will use a wheel to reverse the rotations. 

Transmission ratio or increase the transfer will be: 

i’ = 4                              (10) 

 

It can be created in 2 steps: 

I’ = i1 * i2 = 2 * 2 = 4          (11) 

 

c. For the top of the upper die to describe a multilobar trajectory, it’s necessary to have the 

following condition: 

K =            (12) 

relation equivalent to: 

  = -3    sau  n0 = -3n1        (13) 
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In this case the central spindle’s revolution has to be 3 times greater than the tubular spindle’s 

rotation and in contrary directions. To create this effect, the movement transmission would be done 

direct, and the transmission ratio would be:  

i
n
 = 3           (14) 

 

For the next calculus we will refer to Figure 3 where the following notes were made: 

 nI  – AI  inlet spindle rotation; 

 nc – Ac central spindle rotation; 

 nII – AII intermediary spindle rotation; 

 nt – At tubular spindle rotation. 

 

 
Fig. 3. Scheme transmission over kinematics of gear wheels 

 
So that the reduction of the worm gears not to be too great and to still have an acceptable engine 

torque, an asynchronous engine fixed by flange type ASI 132 M was chosen. This has speed 

synchronous engine ns = 1000 RPM and the real rotation to be n=950 RPM. 

 

Drive will be made through the medium of belt transition, having the ratio of ¼. Starting at real 

speed, it will be necessary to obtain through the tubular spindle the following values for the 

revolution: 

 nI = 950/4 = 237,5 RPM; 

 nII1 = 1 * 237,5 = 237,5 RPM – for the circle; 

 nII2 = 4 * 237,5 = 950 RPM – for the spiral; 

 nII3 = 3 * 237,5 = 712,5 RPM – for the multilobar.  

In the reduction worm gear, it has been chosen: 

 Ic = it = 6 

And will result the following rotations: 

 nt = nI/ic = 237,5 / 6 = 39,58 RPM; 

 nc1 = nII1/it = 237,5 / 6 = 39,58 RPM; 

 nc2 = nII2 / it = 950/6 = 158,3 RPM; 

 nc3 = nII3 / it = 712,5 / 6 = 118, 75 RPM 

Lobe width calculus 

The movement in a straight line ⍬M = constant, which leads, still according to Eq 3, to 𝝎1 = 𝝎2;           
e1 = e2 = e, resulting in  straight line that crosses through the origin, inclined to an 𝜼 anglee, 
where:   

   regarding Ox axys.           (15) 
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The study of Eq. 1 or Eq. 2 permits forming the following trajectory properties: 

a) For every e1≠e2 the trajectory doesn’t intersect O1 center (ρM≠0 for every value hold by t) 

b) The trajectory presents extreme points (ρM max); the number of extreme points determins the 

number of trajectory lobes. From Eq. 3 it can be deducted that ρM is maximum, deducting 

that cos[𝝋2 – 𝝋1 + (𝝎2- 𝝎1)t]=1. In order to find the t moments where ρM max appears, we will 

assume t=0, 𝝋1=𝝋2 = 0, thus the upper equation will become: 
 

(𝝎2 – 𝝎1)t = 2kπ         (16) 

   

Imposing between 𝝎2 and 𝝎1 a transmission ratio  , which in the general case is a 

frectionary number n=p/q, p and q prime numbers between themselves, Eq. 16 becomes: 

         (17) 

 

Removing in Eq. 17 time t with a movement period 𝝎1, respectively t1=2π/ 𝝎1, it can be deducted 

the number of lobes k that appear during one complete rotation of the bush 1: 

          (18) 

If p > q, bush 2 executes a faster movement , and the k number of lobes, calculated with Eq 18, 

appears a complete rotation of bush 1. If p < q, bush 1 executes a faster movement and appears with 

the k number of lobes, deducted using the same method: 

          (19) 

for a complete rotation of bush 2. 

 

 
Fig. 4. Lobe width calculus Fig. 5. Variation smax = f (s) 

 

It can be easily observed that after q rotations of bush 1 (p < q) or bush 2 (p < Q), it describes a 

finite number of (p – q) lobes, after which, the trajectory repeats. Thus, the maximum number of 

lobes that the trajectory has decribes in the m point is finite and is calculated with the relation: 

          (20) 

 

It can be observed that for a circle p = q = 1, resulting kmax = 0, and for a straight line p = q = 1, 

resulting kmax = 2. 

 

c) The with of a lobe can be calculated confor Fig. 4, like smax = 2ABmax = 2ymax (Fig 4). The 

algebraic solving is impossible, obtaining un solvable expressions. Using a calculator, it has been 
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determined the width smax for the case when e1 = e2 = 1 and different transmission ratios p/q, data 

found in Fig. 5.  
It can be distinguished smaller widths to the negative transmission ratios (𝝎1 and 𝝎2 on opposite 

directions) and the fact that the width tends asymptotically to the smax = 2e value for p/q tending 

towards ±  (Fig. 5). 

Conclusions 

The kinematics analysis orbital plastic deformation process reveals the fact that the movement 

trajectory, presented under the form of the 4 types of curves, in the scientific literature, it’s actually 

a close curve, with a variable but finite number of lobes in relation to the rotation ratio w2 / w1. The 

trajectory doesn’t cover the workpiece’s surface, this comes being attributed to shape of the active 

part of the superior die, correlated with the workpiece’s configuration and trajectory form. 

Exact increase of the trajectory, of the lobe numbers and their width serves for correct dimensioning 

of the superior die active part, considering evidently the constructive elements of the equipment 

(specially the χmax) and the workpiece’s configuration. 
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