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ABSTRACT

Today there is a great deal of controversy over the operation of inertial propulsion drives (IPD), as they challenge the
laws of Newtonian mechanics. Starting with the last decades of the previous century, many devices that use the
centrifugal force to generate linear propulsion were patented. Regrettably, whether we are talking about the initial, or
the most recent attempts, only a few of these systems passed the patent stage and were involved for practical
applications. The aim of this paper is to present an IPD, developed by the authors, which uses for generating linear
motion the kinetic energy of several masses, placed in the articulation points of the links of a chain drive. The masses
placed equidistantly along the half-length of the chain perform a complex movement, consisting of the specific
displacement of the chain elements and a rotation around an axis, that is parallel to the line which joins the centres of
the chain wheels. After deducting the equations of the geometric coordinates of the masses, the total propulsion force
was computed. The obtained results are supporting the ability of the IPD to generate propulsive force and linear
motion.
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1. INTRODUCTION

In the last decades, countless enthusiastic researchers and inventors have invested a lot of time and efforts
to imagine devices able to confront Newtonian mechanics and to develop linear motion by using
centrifugal forces. Thus, Allan Jr. [1] asked rhetorically, "Why does classical mechanics forbid inertial
propulsion devices when they evidently exist?" Thus, in his book, this author presents some of the
functional inertial propulsion drives.

These drives are multi-body systems, their displacement being provided by a propulsive force generated as
a reaction to the variable centrifugal force acting on a rotating mass.

Starting from the general equation of the centrifugal force F. acting on a rotating body:

F,.=m-w? R ()

where, m- the mass of the body, w- the angular speed and R- the radius of the trajectory, it can be
concluded that a time- fluctuating centrifugal force F.(t) can be obtained by varying one of the terms on the
right-hand side of (1): m(?), w(?) or R(t).

Most of the proposed inertial propulsion drives are based on the rotation of several masses on an eccentric
trajectory of variable radius. Thus, the “thrust generating device and moving body” proposed by Komora
[2] uses two gears to impart a Limacon-type trajectory (of variable radius) to a mass. Thus, the variable
centrifugal force acting on this mass generates a thrust force of the device.

A similar principle is used for the ,,device for providing propulsion force” developed by Helavuo [3]. As
presented in Fig. 1, the device comprises of a mass element (6) and gear for moving the center of gravity of
mass (6) around the axis of rotation of an inner gear (2) in such a path (8) in which the centrifugal force
provided by mass (6) is higher on the portion (16) of the path (8) than at the second portion (17). In this
way, the device generates an asymmetric centrifugal force, which attempts to pull the system.
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Figure 1. Principle of device for providing propulsion force [2]

Gerocs et al. [4, 5, 6] propose an IPS which generates variable centrifugal force by rotating 8 steel balls
along different pseudo- circular trajectories. By means of analytical approach and motion simulation
performed in SolidWorks, they conclude that the most advantageous version of the IPS, in terms of
velocities, displacements and power consumption, is the version of the retaining disk with cylindrical bore
placed eccentric.

The present paper presents a novel propulsion drive developed by the authors, which uses the kinetic
energy of equidistant disposed masses, placed in the articulation points of the links of a chain drive, along
the half-length of the chain. The masses perform a complex movement, consisting of the specific
displacement of the chain elements and a rotation around an axis parallel to the line that joins the centers of
the chain wheels.

2. PROPOSED INERTIAL PROPULSION DRIVE

The operating principle of the IPD is based on obtaining a variable resultant centrifugal force, which
generates an opposite reaction force for the propulsion of the system.

Figure 2. Overview of the IPD

For this purpose, cylindrical steel weights (3) of the same mass are placed on the bolts of a chain (2), on
half of its length, on either side of the links. In the same time, the chain drive, having identical wheels (1/1
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and 1/2) with z= 28 teeth, is rotating, together with the housings (5/1 and 5/2), around the axis of the
driving shaft (4), that is parallel to the line which joins the centres of the chain wheels. The centre distance
of the chain drive is a= 42-p, where p is the pitch of the chain. These constructive details ensure a complex
movement of the weights which have the peculiarity that, at a complete (pendular) rotation around the axis
of the drive shaft, the first two weights placed on the chain reach the starting position. In the same time, the
chain wheels are doing four complete rotations. This kinematic connection is ensured by the conical
transmission, consisting of a fixed wheel (7), respective two satellite wheels (8/1 and 8/2), and a pair of
cylindrical wheels placed inside the housing (8/1) for driving the chain wheel (1/1).The weights of the
housings are supported by bearings placed inside the fixed wheel (7) and the support (9), while the centre
distance between the chain wheels is maintained constant by 4 threaded rods (6) and hexagon nuts,
respectively. The whole assembly is mounted on a rectangular plate (10), supported by four wheels (11).
To have a better understanding of the proposed system, Figure 2 provides an overview of the IPD.

3. KINEMATIC AND DYNAMIC ANALYSIS OF THE PROPULSION DRIVE

In order to calculate the propulsion force developed by the system, due to the centrifugal forces acting on
the masses equal disposed along the half-length of the chain, the kinematic of these masses is investigated.
For this purpose, a Cartesian system (xOyz) was attached to the plate (10). In addition, it was considered
that, in the starting position, the first and last masses are placed in the middle of the centre distance of the
chain drive (position A and D in Fig. 3).
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Figure 3. Schematic representation of mass movement

Let’s consider M the total mass of the weights placed in the chain joints. M can be decomposed into 3
elements (M1, M2 and M3), which change their shape (linear, respectively arc), value and position of
gravity centre, during travelling the route A-B-C-D-E-F-A. The inertial force along the y axis, generated by
the complex movement of the masses attached to the chain can be written as:

t 3
F, = J ZMl-(t)-ayi(t)dt 2)

i=1

where t is the time for a complete rotation of the housings around the input shaft axis, M;(t) the mases of
the i=3 elements and ay;(t) the accelerations in y direction of the M; masses.

The first two masses attached to the chain pass through the points A to F, while the driving shaft and the
chain wheels rotate with the angles a= w-t and f= 4-w-t respectively (w- angular velocity of the driving
shaft), whose values are indicated in Tab. 1.

For the computation of the propulsion force with (2), the masses My(t), M,(t) and Ms(t), respectively the
coordinates y;(t), y»(t) and ys(t) of the gravity centres of these masses, were determined for each of the 6
characteristic intervals of the angle a (see Tab. 1).
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Table 1. Characteristic angles of the IPD
Point A B C D E F A
o [rad] 0 3n/8 S5n/8 T 117/8 137/8 2n
B [rad] 0 3m/2 Sm/2 4 117/2 137/2 8n

The calculation for the first domain - a€ (0, 37/8]) - was done based on the notations shown in Fig. 4
being presented below, while the calculation results for the other domains are summarized in Tabs. 2 and 3.

Y Y

uﬂt‘ /

Figure 4. Calculus scheme for the domain a € (0, 37/8]

The masses My(t), M,(t) and Ms(t) are calculated as follows:
M-(a/2+4wtR), i=1 (M-Q1lp+4wtR), i=1

M;(t) = M - 1,(t) = - 14p, i=2= M - 14p, i=2
M-(a/2—-4wtR), i=3 \M-Q1p—4wtR), i=3

®)

where M [kg/m] is the linear mass of the weights and R the pitch radius of the chain wheel
The coordinates yi(t), y»(t) and ys(t) of the gravity centres of the masses Mi(t), My(t) and Mas(t) are
calculated as follows:
(H+R) sin(wt), i=1
y;(t) = H - sin(wt), i=2 4)
(H—R) sin(wt), i=3

where H is the distance between the axis of the driving shaft and the axis which joins the centres of the

chain wheels.
Table 2. Results of masses calculation

Range of a M(t) My(t) Ms(t)

(0; 3m/8] M- (21p + 4wtR) 14Mp M- (21p — 4wtR)
(3m/8; 51/8] M-R: (4wt — 3m/2) 42Mp M - [14p — (4wt — 37/2)R]

(51/8; | M R (4wt — 5m/2) 14Mp M - [42p — (4wt — 57/2)R]

(m; 111/8] M - [21p + (4wt — 41)R] 14Mp M - [21p — (4wt — 41)R]
(111/8;13m/8] M-R- (4wt — 117/2) 42Mp M - [14p — (4wt — 117 /2)R]

(131/8; 2] M- R - (4wt — 131/2) 14Mp M - [42p — (4wt — 13 /2)R]
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Table 3. Results of coordinate’s calculation
Range of a y(t) ya(t) ya(t)
(0; 3m/8] (H + R)sinwt Hsinwt (H — R)sinwt
(31/8; 51/8] Eqg. (5) (H + R)sinwt Eqg. (6)
(5n/8; m] (H — R)sinwt Hsinwt (H + R)sinwt
(m; 117/8] (H — R)sinwt Hsinwt (H + R)sinwt
(117/8;13w/8] Eq. (7) (H + R)sinwt Eq. (8)
(13n/8; 2x] (H 4+ R)sinwt Hsinwt (H — R)sinwt

_3r 4 _ 4

(200 2" Y
Vi = [H +R Mcos (Zwt - 3—”)] sinwt (5) y; = [H +R ms(,;‘izwt)cos (57r - Zwt)] sinwt (6)
2w = wt

20t-37) BT swt

Y1 = [H +R Sm(f%;‘cos (Zwt - 11—”)] sinwt (7) y; = [H +R Sml(%,f_Tt)cos (1%" - Zwt)] sinwt  (8)

2wt 4

Calculating the second-order derivative of the coordinates y;(t), the accelerations ay;(t) of the M;(t) masses
can be conveniently deducted. The results are summarized in Tab. 4.

Table 4. Results of acceleration calculation

Range of a a(t) a,(t) as(t)
(0; 3m/8] —w?(H + R)sinwt —w?Hsinwt —w?(H — R)sinwt
(3n/8; 51/8] Eq. (9) —w?(H + R)sinwt Eq. (9)
(51/8; | —w?(H — R)sinwt —w?Hsinwt —w?(H + R)sinwt
(m; 111/8] —w?(H — R)sinwt —w?Hsinwt —w?(H + R)sinwt
(11m/8;13m/8] Eq. (9) —w?(H + R)sinwt Eq. (9)
(131/8; 2] —w?(H + R)sinwt —w?Hsinwt —w?(H — R)sinwt
a2 () = - {wz [H N RsiZ§201_3)] Ll [cos(26,5) + 26,5 sin(201_3g +391_3 c0s(20,3)] + 615 sin(zam)} sinot
s ©)
R 20, 5c08(26,5) —2 6, 55in(26, 3) cosit
01,3
where 6, is used in the calculus of a;(t) and 65 for the calculus of as(t). 8; and 65 have following values:
o — 2wt — %" a € (3m/8; 51/8] o = %T— 2wt a € (3m/8; 5m/8] (10)
20t -2 ge(1in/8; 11n/8] " |ZE- 2wt a € (11n/8; 11m/8]

Table 5. Geometrical characteristics of the IPD

H [mm] p [mm] R [mm] M [kg/m]
70 12,7 56,718 1,003

Further, involving (2) and considering the geometrical characteristics of the IPD, which are described in
Tab. 5, the resultant force generated by the system along the y axis where computed for an input speed n=
250 min™ of the driving shaft, which is equivalent to an angular velocity w= 26,18 rad/s.
The variation of the propulsion force during a complete rotation of the driving shaft is presented in Fig. 5.
As one can observe, during the rotation of the drive shaft with an angle of up to 180°, the system generates
a positive force, while in the range of 180-360°, the resulting force changes its direction.
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Figure 5. Variation of the propulsion force during a complete rotation of the driving shaft

Even if the resulting force has a fluctuating character, both in terms of size and sense, overall, the system is
able to generate a propulsive force, which is plotted as a red line in Fig. 5. This confirms the capability of
the IPD to generate linear motion.

4. CONCLUSIONS

The paper presents the structure of a novel inertial propulsion drive with masses, which are moving along a
complex trajectory. Due to time varying of masses and accelerations of cylindrical weights attached to a
chain transmission, the system is generating a one-way inertial force, as a response to the fluctuation of
centrifugal force acting on these weights.

Analysing the trajectory of the rotating weights, their masses and coordinates of gravity centres were
computed. Finally, the propulsive force generated by the system was deducted.

Based on the analytical approach presented in the paper, it can be concluded that the IPD developed by the
authors is functional and capable to generate unidirectional linear movement, being a feasible solution in
terms of propulsion on slippery grounds, such as ice or mud, or for spaces where the gravity is missing.
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