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Kinematic and Dynamic Study of an Inertial System Transforming Rotational Motion
into Unidirectional Linear Motion
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Abstract In this paper we would like to present some lesser-known aspects of inertial systems for transforming rotational motion into unidirectional (linear) translational
motion by using a device (inertial system) using weights mounted on the chain of a chain drive, which is made in 3D format. Cylindrical and bevel gear drives are also used
in the system. The study of the problem was done by mathematical modeling in MathCAD of the displacement, velocity, acceleration and inertia force and by making the

graphical scheme of the system in AutoCAD and SolidWorks.
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1 INTRODUCTION

This system is an innovation made by the authors. The
inertial systems for transforming rotational motion into
unidirectional linear motion are an area of engineering that
has been of increasing interest to engineers and researchers
in recent decades. These systems are multi-body systems
with accelerated masses, i.e. masses slowed down in a
well-defined direction which is also the direction of motion
of the system. The accelerated and slowed-down masses
produce inertial forces in the system, respectively reaction
forces that ensure the linear displacement of the system.

This system defies the laws of Newtonian mechanics
and because of this there is controversy over the operation
of these inertial systems. More than a hundred such
patented inertial systems are known but only very few have
been realized in practice.

These systems use solid [1, 2] or liquid [1, 3, 4]
respectively accelerated and decelerated masses for the
unidirectional translational motion and the energy used for
them may be mechanical energy [2, 5, 6] or mechanical
energy combined with electromagnetic energy [7].

In this paper we will make a kinematic and dynamic
study of an inertial system, [8] that provides the
displacement of a device on which this system is mounted,
[9, 10], wherever possible inside the vehicle, we need to
build a kinematic chain between this system and the
vehicle wheels, only a kinematic connection between the
drive engine and the system.

1.1 Description of the System

To describe the system, we will use: the principle
diagram in two views (Fig. 1) and the presentation of the
positions of the weights on the chain (Fig. 2) in different
angular positions of rotation of the chain plane around an
axis of symmetry of the chain (Fig. 3a, b, ¢ and d).

The system, as shown in Fig, 1 and Fig, 2, consists of
a chassis 14 on which a bevel gear 1 is fixedly mounted.
The central reaming of this gear 1 carries the axis of
rotation of a mobile frame 6 in the form of a crank handle.
On this frame is mounted the common axis (shaft) of
rotation of the wheels 2 (bevel gear) and 4 (chain wheel)
respectively. The bevel gear is thus mounted so as to act as
a satellite wheel forming a gearing with bevel gear 1.

The chain wheel 4 transmits the rotational movement
by means of chain 5 to chain wheel 3. The axis of rotation
of the chain wheel is mounted at one end of the frame 6,
which rotates the chain wheel 7 also mounted on this axis.

——

Figure 1 Scheme of the mechanical system
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On the other end of the frame 6 the chain wheel 8 is
mounted, fixed on a mobile axis. The connection between
the two chain wheels 7 and 8 respectively is made by
means of the chain 9 to which weights 10 are mounted on
the half-length.

The transmission ratios, i.e. the dimensions of the
component parts of the system, are such that when the
frame 6 is rotated completely, the chain wheel 9 executes
half a displacement, i.e. the weighted portion replaces the
unweighted portion and vice versa. The frame 6 is set in
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rotational motion by means of a motor 13 via a gearing
with cylindrical gears 11 and 12.

Four running wheels 15 are mounted on the chassis 14
to ensure the linear movement of the system.

The elements used in mathematical modelling are as
follows: R=0,3m - chain wheel splitting radius 7,

respectively 8, @=100rad/s - angular velocity 6, M =5
kg - the total mass of the weights uploaded on the chain 9.

15

Figure 2 3D representation of the mechanical system

According to Fig. 3a: it is sufficient to consider the
equation of displacement along the axis Oy of the center of
gravity of the portion a+b of the chain equipped with
weights, in an intermediate position in the range

ot E[O;%j, also 2wt e(o;gj because the portion

¢ +d ofthe weighted chain is symmetrical with respect to
the axis of rotation of frame 6 (because as the circle arc
equipped with weights increases a+a’ the more the
weightless arc portion increases ¢'+c).

According to Fig. 3b2 which is an intermediate
position of the chain with weights in the range

wt, € [%,g} namely 2wt, € (g;n} we have to write the

equation of displacement along the direction of the Oy axis
of the center of gravity of the part of the chain equipped
with weights a+b and b+c with the mention that the
multiplication of the acceleration of the center of gravity of
the portion a+b, with the mass of this portion we must
consider the product double, because the portion of the
chain with weights ¢+d also appears, which behaves the

same as the portion a+b being the same length and is
positioned identically to the axis of rotation of the frame 6
as a portion a+b and the portion d +e is symmetrical to
the axis of rotation of the frame 6, so this portion no longer
needs to be taken into account.

According to Fig. 3c: which is an intermediate

position of the chain in the range wt; e[g;%}, also

3n . . .
2wty € n;; we have to write the equations of motion

along the direction of the Oy axis of the centers of gravity
of the weighted chain portion b+c¢ and c+d with the
mention that when multiplying the acceleration of the
center of gravity of the portion b+c with the mass of this
portion the product must be doubled because there appears
the portion d +e identical in position and mass to the
portion b+c.

According to Fig. 3d: which is an intermediate

position of the chain wt, € (%Tn;n} ,also 2wt € (37“;27[:|

it is sufficient to write the equation of motion of the center
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of gravity of the portion d + f because the portion a to d

is symmetrical to the axis of rotation of frame 6, so it does
not need to be taken into account.

Starting with wf = @ until @¢ =27 the phenomenon is
repeated from a) to d).

In order to obtain the tractive force along the direction
Oy, it is necessary that the arithmetic mean value of the
sums of all the weights on the chain considered at a rotation
of 180° of the chain plane gives a negative value. It is
sufficient to study the system at one rotation of the chain
plane, only 180° because at further rotation up to 360° the
phenomena performed by the system are repeated, the
tractive force obtained having the same direction and
value.
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Figure 3 Way of moving the chain parts with weights -Rotation interval

In order to not determine the displacements, velocities
and accelerations of each weight on the chain, it is
sufficient and simpler to study the movements of the
centers of gravity of the various simple portions occupied
by the weights on the chain. Centers of gravity of these
portions, mentioned above, being considered straight bars
and arcs of circles occupied by weights of the chain, can be
easily established.

Of course, in this case the masses of these weighted
portions also change during the chain's rotation.

The ends of the portions of the chain with weights
where the formulas for determining the accelerations of the
centers of weights changes the shape are shown in Fig. 3a,
b, c and d.

2 MATHEMATICAL MODELLING OF INERTIA FORCE

The displacement equations according to the direction
of the Oy axis of the gravity centers of the various portions
of the chain which can be identified by simple volumes,
can be written:

Range 1. —» o) = o, e(O;%}Za}q e(O;g} (1)
sin2et; 7R
t)=| R-——"L+"— |sinor 2
n(n) ( 2o, 2 ] 1 2
T T T
Range 2. —» a, = o, e(z;z};Za}tz e(z;n} 3)

t)=|—-— -sin wt,, +
J’2( 2) 2 B 2
4)
sin —
+| R +—— |-sinat,
2
where:
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. [2@2—72‘)-1{
- .
t, )= — -sin wt 5
y2A(2) > 5 2 %)
sin —
n-R

t,)=| R-—=+—|-sinat 6

yzB(z) © > Sin wr, (6)
2

n 3n n 3n
Range 3. > a, =wty €| —;— |;20t; €| —;— 7
g 3 3 [2 4} 3 (1 2} (7

n-R (20t;—m)-R) |
)= + -S1in Wty +
J’3(3) £4 B 3
- (®)
sin Rl
+| R-—=+—— |-sin wt;
k3 2
2
n-R (2ot;—m)-R) .
y34(t3)= (201, ~) “Sin wiy )
4 2
sin— R
y3B(t3): R~T+T -sin wt, (10)
2

Range 4. > a, =wt, € [%;n};%}u € (%;Zn} (11)

sin (n—(Za}Q —ann
2 2 ), TR,
2 2

Since the mass of these weighted portions of the chain
also varies with time, the formulas of the masses (Eq. (13)
- (20))., if we consider the mass per unit length of the chain.

y4(t4)= R-

-sin wt,

my (1) =21, M (13)
1

mz(tz)z(Zwtz—g)-%+% (14)

my 4 () = Qe —g)-% (15)

My (tz)=% (16)
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b)
Figure 4 a) Representation of displacement over the whole range, b)
Representation of mass multiplied by displacement

my (1) =m0 (1) +myp (13) =
:(ﬁ_(z%_n).]gj.ﬂJrﬂ 17
2 R 2

R M

m t Y 2a)t - R |- — 18

3A(3)(2( : )]nR (18)
M

() =2 19
M 3ty M

my(ty)=—-2-|20t, — |-— 20

4(4) 2 ( 4 2] T ( )
. R-sin ot, -sin 2o,

Vvl )=y, =—

yl(l) 1 2a)t12

+R -cos wt; -sin 2t N R-cos2wt, -sin ot N @1

2t 4
w-R-m-coswt
T

By performing the first order derivation of the
equations of the displacement of the centre of gravity of the
weighted portions, the corresponding velocity relations are
obtained along the direction:

Vy2 ()= 24t Vg =)r =

—(4~a)~R~sina)t2)+

4
(3-a)~R-n—4~w2~R-t2)~cosa)t2 (22)
+ +
4
(a)~R-n2+4-a)-R)-cosa)t2
+
2n
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where:
—(4-@-R-sinat,) .\

Vy24 (t)=y24 =

4
(23)
(3-a)-R-Tr—4-a)2-R-tz)-cosa)t2
+
4
a)-R~n2+4-a)~R)-cosa)t2
Vyopll) = = 24
yZB(Z) V2B o (24)
4-@-R-sinwt
Vi3 (t3) =vy34 () +vy35 (15) = 1 .
(4~a)2~R~t3—a)~R-7t)-cosa)t3
+ (25)
4
(a)~R-n2+4-a)-R)-cosa)t3
+
2'm
where
4-w-R-sinwt
VysA(f3):f3+
26
(4-a)2-R-t3—a)-R-n)-cosa)t3 (26)
+
4
(a)-R~n2+4~a)'R)ocosa)t3
Vy38 ()= b 27
(t) . (o-R-sinoty)-sin2wt,
Vv :y = — f—
e ! 27t2—4a)t47t+2(02l‘42
(a)~R-n—a)2-R~t4)-cosa)t4-sin2wt4
- +
21 —4a)t4n+2a)2t42 (28)

(2~a)-R~n—2-a)2-R~t4)-cos2a)t4-sina)t4
* 2 2.2 *
2n° —4ot, -+ 2071,

+a)-R~7t~c0sa)t4
2

The velocity graph for the 4 positions is obtained as
shown in Fig. 5.

Representation of velocity over the entire range
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Figure 5 Representation of velocity over the whole range

The determination of the force of inertia will be done
according to the impulse theorem, which says that the
derivative of the impulse with respect to time is equal to
the force at each moment during the motion. The impulse

is H=m-v and the force will be ﬁzﬁ.

To be able to calculate the force F developed by the
device, which is obtained by the 1st-order derivative of the
impulse, next we will calculate the impulse for each portion

H, =m; v, wherei=1,2,3, 4.

Hy(t)=m (1)

valn)=(2-00) 2

R-sinwt, -sin2wt, R-coswt, -sin 2wt
o 1 - 1 + 1 1 + (29)
20t 2
JrR~cosZa)t1 -sin @, N ®-R-m-cosa
1 2
T M
Hy(,)=my (1) v, (1) =2 01, —5)'?'
—(4-@-R-sinwt,)
+
4
(3-(0-R~n—4-a)2-R~t2)-cosa)t2 (30)
+ +
4
M (a)-R~n2+4-a)~R)-cosa)t2
2 2n
Representation of impuls over the entire range
;i EH1 WH2
HH3 EH4
o4 Rotation angle a/rad

02 04 \ ){ 26 28 3

Figure 6 Representation of impuls over the entire range
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2

2n
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(-R-sin(e-1,))-sin(2-e-1,)
2.7’ —4~a)-l4~7:+2-a)2 ~t42

(w.R.n_a)z-R't4)-cos(a)-l4)‘Sin(2'w’t4) (32)
B +

2-n2—4-a)-t4-1t+2-(02-t42

(2-w-R'n—2~w2 -R-14)~cos(2~w't4)-sin(a)-t4)
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F1)= (1)

((S-tl2 -w” —1)-M-R-sina)t1 -sin 2ot

2
H-n

t,-w-M-R-cosmt, -sin 2wt N

2
+2~t1 @-M-R-cos2at, -sinwt,

2
H-n

4.0 @ -M-R-cos o, -cos2at, )
+

2
tl ‘T

+(a)2 M -R-cosot, — 1, - -M-R-sina)tlﬂ

By () =(-1)-
(3:@”-M-R-7*~16-1,-° - M -R-n) sinor,
. 87

+

(16-t§-a)4—16-a)2)-M-R~sina)t2
8-
(28-502 -M-R~71:—48~t2~a)3 ~M~R)~cosa)t2
8-m
(—(a)2 -M-R-7t2)—4-a)2 -M-R)~sina)t2
4.

+ (34)

+

+

E () =(-1)-
(3-602 ~M~R-n2—16~t3-a)3-M-R-n)-sina)t3
8-

+

(165 -0* ~16-0)- M -R-sin ox,

- + 395
(28-a)2-M-R-7t—48~t3 @’ -M-R)-cosa)t3 .
8-m
(—(a)2~M~R~n2)—4~a)2 ~M~R)-sina)t3
i 4.-m

By making the first-order derivative of the impuls we
obtain the analytical form of the force corresponding to the
centres of gravity of the disc portions (weights) along the
Oy axis, as shown in Fig. 7.

Force of inertia

EF1 EF2
BF3 EF4

BREg

Rotation angle a/rad

The force of inertia F/kN
560

882

Figure 7 Representation of the force of inertia over the whole range

Fy(ts)=(-1)-

(5-0)2 -M-R-nz)-sina)t4 -sin 2t

+
-2t 01 +1; -0 m

10~t4~a)3-M-R-n~sina)t4-sin2wt4+
n3—2~t4~a)~7r2+t§-a)2-n
2. 4 2 . .
(5~t4~a) - )-M~R-s1na)l4-s1n2a)t4
+ +

T2t -0+t 0T

(t4-a)3-M-R—a)z-M~R-n)-cosa)t4~sin2a)t4 (36)
+ +
n3—2-t4-(o-n2 +tf ot

(2-t4 @ -M-R-2-0* -M-R-n)-cosZa)t4 -sin ot
+ +

=21, 01 +1; -0 -

(8-t4 @ -M-R-n-4- o* ~M-R~n2)~cosa)t4 -cos2mt,

n3 —2~t4~a)~n2 +tf 0t
4-t§ -0 M -R-coswt, -cos2mt,

™ =2t ~a)~n2+tf '

(t4 @ MR- ~M~R~n)-sinwt4 -
+

—w* M -R-cosmt,

F (o day + | Fy (o W, +

S =3
AN e—oly

(37

kd
a

TL'
3m

N\Fl'—n-lk‘

4

Considering the independent linear system
S = {uy,uy,uz,uy} with [11]:

o
u () =|v () Wereale(o;%} (38)
Fi(a)

uy(ay) =| vy (@) |werea, € [%,gj (39)
uz(ez) =| v (a3) |were a3 € [g,%) (40)

ug(ay)=|vs(ay) |wereay, € F!Tn;nj (41)

Dependence of force on angle of rotation and linear
speed of movement of the module used the curve(a) and
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CreateSpace function in Mathcad where we also imposed
the angels' intervals for each inertial force, Fig, 8, to
generate the force graph in a 3D graph.

[ ] [ o 1]
curve (a;) =={ v, (@) { curve (ay) :=I vy (@) I
[F1 () | [F2(e) |
@y0:=0.0001 am::;
Q= ~

Ay, i=—
21 2

S1:=CreateSpace (curve, a9, , 50) 52:=CreateSpace (curve, ag, @y, , 50)

[ a5 1 [ o 1
curve (ag) =I v3(as) I curve (ay) =I vy () I
[ Fs(as) ] [Fa(as)
Q30 -2 Q =%
2 4
Snt ;;n ay,=7+0.001

53:=CreateSpace (curve,, @, a3, , 50)

Figure 8 Creation of the linear space in Mathcad

S4:=CreateSpace (curve,, aq, ay; , 50)

T RN
5.10°]

2.5.10°

Figure 9 Dependence of force on angle of rotation and linear speed of
movement of the module

Finally, the graph in Fig. 9 resulted, which has on the
Ox axis the time formed by,a[rad] = {al,az,a3,a4} on
the Oy axis it has the velocity formed by
v[m/s]={v ().v, (a;).vs(3).v4 (24} . and on the Oz
axis the inertia force of the 4 working intervals
FIN] ={Fl (al)»Fz(“z)an(as)’F4(0’4)}'

Using the 3D plotting formulas in MathCAD it can be
seen that the total inertia force is positive when the sum of
the accelerations of the different centers of gravity of all
chain portions and/or a mass variation given by the

constructive shape of the device with weights is distributed
over half the length of the chain.

3 CONCLUSIONS

The effect of inertial forces in the direction
perpendicular to the direction of travel was not studied in
the paper.

These forces also exist at full rotation of the frame 6
having a sinusoidal oscillation, they oscillate at full
rotation from a positive maximum value to a negative

maximum value. In order to eliminate this impediment, if
we use two chain drives with identical weights, but
symmetrically placed, as shown in the attached figure, with
respect to the axis O-O,, their sum is zero, which justifies
not taking them into account.

In the case of a single-chain system, the operation of
the system is subject to vibrations, which are eliminated by
using the system described in the previous figure (with two
chains).

The four-module system is used to compensate for the
lateral movement of the vehicle on which it is mounted and
to maintain the resulting positive force in the direction of
movement.

The entire study was done in the situation where the
device on which the inertial system is mounted is moving
with constant linear velocity along the direction of travel,
so the acceleration of the device is zero.

In the case of a speed change, as well as in the case of
departure from the start, in the calculation, this speed
change must also be taken into account, namely a non-zero
acceleration, positive or negative depending on
acceleration or deceleration.
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Figure 10 Two chain drives with identical weights

In this case, the formula for the total traction force also
includes F' = my - a the required force with a positive sign
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in the case of decelerations and a negative sign in the case
of accelerations. In this formula m, represents the total
mass of the device together with the inertial system and a
represents the acceleration of the whole device.

The program made in Mathcad, the 3D drawing of the
mechanism made in SolidWorks and the part of the
drawings made in AutoCAD can be accessed on the
following link:

https://drive.google.com/drive/folders/1g2jaJZRyuiF
FsV7ANfa4fwO0pSdkJjJQs?usp=sharing

The practical use of this inertial device would be in the
case of passenger cars, especially in winter conditions to
avoid skidding, but also on locomotives with large gauge
dimensions, allowing the mounting of this device on a large
scale to obtain traction force proportional to the gauge.
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