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Abstract: The designed vehicle can move on rough terrain (with multiple bumps); also (the vehicle) can climb a sloping terrain (with a 

relatively large angle). 
      The movement (of the vehicle) is not continuous; contact with the ground (tread) takes place periodically, simulating the steps taken by a 

moving man; this movement is obtained by generating a hypocycloid. 
       The vehicle will move with the help of four wheels; they (wheels) will lift and move the vehicle when they come in contact wi th the road 

(ground). 

 
1. Introduction 

   Off-road vehicles are able to travel on rough terrain. Their 

purpose (of off-road vehicles) is to transport materials and people 
in difficult conditions [2]. 

     Off-road vehicles can use large tires (diameter and width), 

tracks or combinations thereof (Fig. 1, 2). 
 

 
 

Fig. 1 

 
Fig. 2 

        

        The vehicle presented in this paper uses a hypocycloid curve 
in combination with a chain drive. 

 

2. General aspects 

 
    The hypocycloid is the curve described by a point on a non-

slip circle, on a fixed circle; the small circle runs inside the large 

circle. 
      The landmark xOy is chosen, consisting of two parameters of 

the fixed circle of center O, so that the axis Ox passes through 
point A, initial point of contact between the circles in question 

(fig. 3) [3].     Consider rolling the center circle O 'from position 
A to an arbitrary position, with N the point of contact between 

the fixed circle and the moving circle. Point A will move to point 

M. 

 

 
Fig. 3 

 Note: 

  
' 'NOx, MO N,                                      (1)         

in trigonometric sense and we obtain: 

 

  AN MN,                                                      (2)        
 
(în sens trigonometric), adică: 

   
'a b ,                                                         (3)        

 

where from: 

  

a
'

b
                                                             (4)         

 

such as:     
relationship that will be                                                                                                               
used in the following 

' a b
,

b


   

 
 

 From the triangle OO’M we obtain: 

OM OO' O'M,                                                  (6)         

 

which results in: 

Ox Oxx pr OO' pr O'M; 
                                         (7)   

Oy Oyy pr OO' pr O'M. 
 

But 

 Oxpr OO' OO' i a b cos ;    
 

 Oypr OO' OO' j a b sin ;    
 

 (5) 

(8) 
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Oxpr O 'M O'S i bcosMO'x'' bcos( ' 180)

a b
bcos( ' ) bcos ;

b

       


      

  

   In geometry, a hypocycloid is a flat curve drawn by a 

point fixed on a circle that rolls inside another larger 

circle. It is similar to a cycloid, where the circle rolls on a 

straight line. 

   If the smaller circle has radius r and the larger circle has 

radius then the parametric equations for the curve are 

given by [5]: 

                                                                              

cos(k 1)
x( ) r(k 1) cos ;

k 1

  
      (10)   

sin(k 1)
y( ) r(k 1) sin .

k 1

  
       

  If k is integer, then the curve is closed and has k cupside. 

  If k is a rational number, then the curve has p cupside. 

  If k is an irrational number, then the curve never closes 

and fills the space in the large circle except for a radius 

disk in the center of the large circle. 

  A hypocycloid with three cupids is called a detoid. 

  A hypocycloid with four cupids is called an astroid. 

  Chain transmissions are indirect mechanical 

transmissions (via the chain); they transmit the motion 

(and torque) between two or more parallel shafts. 

  The principle diagram of the chain transmissions is 

presented in figure 4 (1 - driving wheel; 2 - driven wheel; 

3 - chain); In addition to these elements (1, 2 and 3), chain 

drives may have tensioning devices, lubrication devices, as 

well as chain housings or guards [3].     

             
                              Fig. 4 

 

The gear is the mechanism consisting of two gears, which 

transmit the rotational movement and torque between two 

shafts, through the teeth that are successively and 
continuously in contact (gearing). 

 

3. Presentation of the device 

 
     The vehicle (fig. 5) is equipped with an internal combustion 

engine and two gearboxes that transmit through the four 

intermittent couplings, movements for the four satellite supports 
(fig. 6), which in turn transmit motion to the four hypocycloid 

transmissions (fig7) [1, 4]. 
 

 
Fig. 5 

 

 

Fig. 6 

 
Fig. 7 

    The hypocycloid transmission (fig. 5) is composed of a 

toothed crown and a running system. 
    The running system (fig. 8) together with the toothed crown, 

imparts to the wheel of motion a displacement after a 

hypocycloid curve. Moreover, the drive wheel also has a rotation 
about its own axis, received through a chain drive.  

 
Fig. 8 

    The vehicle is designed so that the four wheels of movement 
come into contact with the ground (the road) in turn (for a short 

time, what will be the calculation below). 
    The vehicle moves using hypocycloid curves on the four 

motion systems. 

   Considering R 90mm  and r 30mm,  results 

90mm
k ;k 3.

30mm
 

 
 

 

 

 

 

 

 
 

For the initial point  0 ,  the quotas are x 90mm  and 

y 0 mm  (see figure 3). 

(9)                                                                                                                 
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In figure 3 it is observed that for R a 90mm   and 

r b 30mm,  when rotating at an angle it o90 , is 

obtained: 

• the length of the arc on the radius circle R a 90mm,   is: 

 

 
• the rotation angle for the small, radius   circle is 

r b 30mm,   obtained with the relation: 

 

 

 where from 

 
  Next, determine the position of the M 

point by rotating the small circle with ' o270  (where o90  ). 

 

 
Point M is located on the Ox axis, at elevation: 

30mm 0 30mm.     
 

 

 
 

Point M is located on the Oy axis at elevation: 

60mm 0mm 60mm.   
It is observed that the quotas are respected. 

In figure 3 it is observed that for R a 90mm   and 

r b 30mm,  when rotating at an angle it is obtained: 

 

 

• the length of the arc on the radius circle R a 90mm,   is: 

 
• the rotation angle for the small, radius circle is r b 30mm,   

obtained with the relation:

 

 
where from 

 
Next, determine the position of the M point by rotating the small 

circle with ' o540   (where o180  ). 

 

 

Point M is located on the Ox axis, at elevation:

 

60mm 30mm 30mm.     

 

 
Point M is located on the Oy axis at elevation:

 

0mm 0mm 0mm.   
It is observed that the quotas are respected. 

The following is the calculation of the vehicle movement.  
Figure 7 shows that the vertical displacement is 25 mm. 

Calculate the angle at which the wheel of motion comes into 
contact with the ground (tread): 

 

 

Consider the speed of the satellite support 
1

rot
n 10 .

min
  The 

speed of the satellite wheels will be 
2

rot rot
n 10 3 30 .

min min
  

 

The movement is transmitted through the chain, with a ratio of 2, 

ie the speed of the movement wheel is 
3

rot
n 60 .

min


Approximating the contact time of the wheel of motion with the 

ground (running path), we obtain:

 
o

o

1s 1s
t 0,161s.

6,2360

58

 
 

 

 

 a 

 

                                   
                                             b 

                                         Fig. 9 

 
 

 
The peripheral speed of the wheel of movement is:

rot rot mm
v 400mm 60 400mm 1 1256 .

min s s
      

Moving the device 

to a wheel contact is mm
s 0,161s 1256 202,31mm.

s
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If the movement wheels are offset, which can be obtained during 
assembly, the displacement with the four wheels will be four 

times greater than 0.161 s, ie: S 202,31mm 4 809,24mm.    
 

4. Conclusions 

 
     The vehicle can travel on rough terrain. If the movement 

wheels are equipped with "sticking" elements (in the form of 
cones or pyramids) the possibility of slipping is eliminated.This 

vehicle can also be used on a stepped road, adapted (the road) to 

the possibilities of the road system or the road system can be 
adapted to the existing conditions in the field.  
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